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15 halogen and/or halogen-containing compounds, to form a mixture

of immiscible phases comprising hydrocarbons, oxygenated organic

compounds, water of reaction, and acidic co-products. The mixture

of immiscible phases is separated by gravity to recover at least a

first organic liquid of low density and second liquid of high density

20 which contains at least a portions of the catalyst metal, water of

reaction and acidic co-products. Advantageously, the organic liquid

is washed with an aqueous solution of sodium bicarbonate solution,

or other soluble chemical base capable to neutralize and/or remove

acidic co-products of oxidation, and recover oxygenated product.

25 Product can be wused directly as a blending component, or

fractionated, as by further distillation, to provide, for example,

more suitable components for blending into diesel fuel. Integrated

processes of this invention can also provide- their own source

oxygenation feedstock as a low-boiling fraction of hydrotreated

30 distillate. Beneficially, integrated processes include selective

oxidation of the high-boiling fraction whereby the incorporation of

oxygen into hydrocarbon, sulfur-containing organic and/or

nitrogen-containing organic compounds assists by oxidation
removal of sulfur and/or nitrogen.



BACKGROUND OF THE INVENTION It is well known that internal conbustion

engi nes have revolutionized transportation following their invention
during thwo okasi2slecades of the 19th century. Wil e ot her ecTiusot/adbng Benz
and 5 Cottleib WI helmDaimer, invented and devel oped engi nes using
electric ignition of fuel such as gasoline, Rudolf C K. Diesel invented
and built the engine naned for himwhich enploys conpression for
auto-ignition of the fuel BAGKGROWUNDOFTHE INMENDBKINor gani ¢ fuel s.
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combustion theyALR  Awhile compositions of natural petroleum or crude oils
are significantly varied, all crudes contain sulfur compounds and
most contain nitrogen compounds which may also contain oxygen,

20 but the oxygen content of most crudes is low. Generally, sulfur
concentration in crude is less than about 8 percent, with most
crudes having sulfur concentrations in the range from about 0.5 to
about 1.5 percent. Nitrogen concentration is usually less than 0.2

percent, but it may be as high as 1.6 percent.

25 Crude oil seldom is used in the form produced at the well, but
is converted in oil refineries into a wide range of fuels and
petrochemical feedstocks. Typically fuels for transportation are
produced by processing and blending of distilled fractions from the

~ crude to meet the particular end use specifications. Because most

30 of the crudes available today in large quantity are high is sulfur,
the distilled fractions must be desulfurized to yield products which
meet performance specifications and/or environmental standards.
Sulfur containing organic compounds in fuels continue to be a major
source of environmental pollution. During combustion they are
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e arven ! %oa Difiled Facktns: BsbAC Tordhel Sor  HIERY] Rlent! 2

fromdiesel eng SeO0%d e nee partircu e co
si gni ficant ifgel for use in compression ignition 1nternal combustlon englnes

(Diesel engines) are middle distillates that usually contain from
about 1 to 3 percent by weight sulfur. In the past a typical
20 specifications for Diesel fuel was a maximum of 0.5 percent by
weight. By 1993 legislation in Europe and United States limited
sulfur in Diesel fuel to 0.3 weight percent. By 1996 in Europe and
United States, and 1997 in Japan, maximum sulfur in Diesel fuel
was reduced to no more than 0.05 weight percent. -This world-wide
25 trend must be expected to continue to even lower levels for sulfur.

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 diesel engine,

30 particularly the heavy-duty diesel engine, are significantly
different from the spark ignition internal combustion engine
(gasoline engine) due to two factors. First, the conventional TWC
catalyst is ineffective in removing NOx emissions from diesel
engines, and second, the need for particulate control is significantly

35 higher than with the gasoline engine.
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engine. However, 51gn1f1cant quantities of unburned hydrocarbon

are adsorbed on the carbon particulate. These hydrocarbons are

20 referred to as SOF (soluble organic fraction). Thus, the root cause of

health concerns over diesel emissions can be traced to the

inhalation of these very small carbon particles containing toxic
hydrocarbons deep into the lungs.

While an increase in combustion temperature can reduce
25 particulate, this leads to an increase in NOx emission by the well-
known Zeldovitch mechanism. Thus, it becomes necessary to trade

off particulate and NOx emissions to meet emissions legislation.

Available evidence strongly suggests that ultra-low sulfur

fuel is a significant technology enabler for catalytic treatment of

30 diesel exhaust to control emissions. Fuel sulfur levels of below 15
ppm, likely, are required to achieve particulate levels below 0.01
g/bhp-hr.  Such levels would be very compatible with catalyst
combinations for exhaust treatment now emerging, which have
shown capability to achieve NOx emissions around 0.5 g/bhp-hr.

35 Furthermore, NOx trap systems are extremely sensitive to fuel
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yield loss, faster catalyst coking, and product quality deterioration
(e.g., color). Using high pressure requires a large capital outlay.

20 In order to meet stricter specifications in the future, such
hindered sulfur compounds will also have to be removed from
distillate feedstocks and products. There is a pressing need for
economical removal of sulfur from distillates and other
hydrocarbon products.

25 The art is replete with processes said to remove sulfur from
distillate feedstocks and products. One known method involves the
oxidation of petroleum fractions containing at least a major amount
of material boiling above a very high-boiling hydrocarbon materials
(petroleum fractrions containing at least a major amount of

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

35 name of Jin Sun Yooand U.S.Patent Number 5,288,390 in the name
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cyclic hydrocarbon or naphthenic hydrocarbons in such fractions to
form naphthenic peroxides. This patent suggests that the oxidation
20 may be accelerated in the presence of an oil-soluble metal salt as
an initiator, but is preferably carried out in the presence of an
inorganic base. However, the naphthenic peroxides formed are
deleterious gum initiators. Consequently, gum inhibitors such as
phenols, cresols and cresyic acids must be added to the oxidized
25 material to reduce or prevent gum formation. These latter
compounds are toxic and carcinogenic.

U.S. Patent Number 4,494,961 in the name of Chaya Venkat
and Dennnis E. Walsh relates to improving the cetane number of
raw, untreated, highly aromatic, middle distillate fractions having a

30 low hydrogen content by contacting the fraction at a temperature of
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,
VB, VIB, VIIB or VIIIB of the periodic table, or a mixture of (i) and

35 (ii). European Patent Application 0 252 606 A2 also relates to
improving cetane number of a middle distillate fuel fraction which
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397-403). Cblllns et 20 al. described the oxidative desulfurization of a
winter grade di eSdfore qldcemftilychohﬁihtnm degidfgrinationdroft madtiegdisWliates

Coll L nsat T, ARG, K, DGl noRErkr. SO, Hhatypsd, B on
t he concentplahspirﬁungssncIacrdaamsi trit- ns o ¢tiyd mashybamm eniwm2hloride  as
hydrodesul f sy zed (WhgsRr TBY BT RflfoWEd " By2ldiNed Y aliSdtRPFR ¢ oxidized
sulfur compounds has been described by Collins et al. (Journal of
Molecular Catalysis (A): Chemical 117 (1997) 397-403). Collins et
20 al. described the oxidative desulfurization of a winter grade diesel
oil which had not undergone hydrotreating. While Collins et al.
suggest that the sulfur species resistant to hydrodesulfurization
should be susceptible to oxidative desulfurization, the
concentrations of such resistant sulfur components in
25 hydrodesulfurized diesel may already be relatively low compared
with the diesel oils treated by Collins et al.

U.S. Patent Number 5,814,109 in the name of Bruce R. Cook,

Paul J. Berlowitz and Robert J. Wittenbrink relates to producing
Diesel fuel additive, especially via a Fischer-Tropsch hydrocarbon

30 synthesis process, preferably a non-shifting process. In producing
‘the additive, an essentially sulfur free product of these Fischer-
Tropsch processes is separated into a high-boiling fraction and a
low-boiling fraction, e.g., a fraction boiling below 700° F. The high-
boiling of the Fischer-Tropsch reaction product is hydroisomerizied

35 at conditions said to be sufficient to convert the high-boiling



with the diesel oils treated by Collins et al. U S. Patent Nunber 5,814, 109
in the nane of Bruce R Cook, Paul J. Berlowitz and Robert J. Wttenbrink
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hi gh- boiling of the Fischer-Tropsch reaction product i .hz roi.sonerj zi ed
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i soparaffins boiling bel ow i s _m Xxtufe . i:s e e

| oar bor | Pg cetaneaninBendind RBpcLy. rafadhil tifilRe ST (he diese
additive said to be wuseful for inproving the cetane nunber or lubricity,

or both the 5 cdf&nePatenbeNamdberutfr,087;§44 ofina thed-namei | ofatBobeiteskl

fuel. U S . 8%, | : : ' hnk,
parryl P K SHenpifer Dedndo R Bt NiOReIR BTG el e 5%‘5%%%? fiTs
rel ates to pglamdedsBeglawidzsrelates et RIosessing 1@ distdlaiee Igedsineam e touel s
having a | evglydokesHidtilateeligdst Agvigtd 1éwdleof Qui RRABEIGAMheSWBtiflsges are

produced by ‘fractionati Istillate feedstre into | i ght,.fr.action,
whi ch cdft aifrﬁ§3§me9n¥-r og%ﬁﬁog‘le §oarg d’rP@G‘CngLDé'f a@ﬂ?ﬁﬁp?gé‘ﬂd%a ddééifﬁte
f][ac}]i on. | fofeeklisg*‘efani riagd izotighs frigtdon; velichd contaiesoerlys dbsrhaaboat | 0 aljl
of the sul fuyr rei S r L act , t bl ende
with one haILtP gpst ﬁBHESJﬂgg ?‘f Eéa{ﬁjidoﬁl%%gvp%%‘f}&&a Fg% éfmuﬁ%&t@ [ Irilgat e
fuel, for exudiarestedrdocemovy sadisgantiollydadluof thezsulfur gthereimctTba and
sul Fur 1 romasu R g B e | o T e vel
only af8ut W"[}’e&p lorbftotwfg)‘ﬁicét?ﬁg‘gt %ﬁlfflk‘éo‘giﬁi%ig‘? ,eéquswalpig gg | ow
20 S:J| fur digdrcehatley fweighr ofdetsul filrézed ijls*;ghtt feactian egndh 1 geercenneky for
catal ytic processe repa & .C u ' ' e
distillate Wombcar boyrediER ﬁ%s???%ﬁ?@bﬁyrﬁéﬁé%i;@s RIS Suter TREhE ¢ e
663 ppm to 310 ppm. However, to obtain this fow sulfur level only
about 85 percent of the distillate feedstream is recovered as a low

20 sulfur distillate fuel product.

There is, therefore, a present need for catalytic processes to
prepare oxygenated aromatic compounds in middle distillate
hydrocarbon fuel, particularly processes, which do not have the
above disadvantages. An improved process should be carried out

25 advantageously in the liquid phase using a suitable oxygenation-
promoting catalyst system, preferably an oxygenation catalyst
capable of enhancing the incorporation of oxygen into a mixture of
organic compounds and/or assisting by oxidation removal of sulfur
or nitrogen from a mixture of organic compounds suitable as

30. blending components for refinery transportation fuels liquid at
ambient conditions. ‘ B

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



above di sadvantages. An inproved process should be carried out 25

advant ageously in the |Iiquid phase using a suitable oxygenation- pronoting
cat al yst wogkem2pr ef erably an oxygenation catal yst capalrica/usb2/ensbanci ng
the incorporation of oxygen into a m xture of organic conpounds and/ or
assisting by oxidation renpoval of sulfur or nitrogen froma m xture of

organi ¢ conpounds suitable as 30. bl ending conponents for refinery
transportation fuels |iquid %QF'EﬂﬁjﬁNVE IOMi s invention is

directed to overconmng the problens set forth above in order to provide
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I ncl ude se gepat i or ' o] L sy etrpl eum
distill a?es,%%%f{@frﬁ%r aBFy %ﬂt%}gr og?éggﬂaegngi gﬁqgﬁgt%}aésnl n;ﬁeﬁg?g}tagocwpr o%:)esses
of this invéndrotreat¢dandisgdlaiel y dntegratedi qUockssss ofh Hy§r davention

Gttt o, *ARETRETETRY BRI ICHECSeRtl pelid Sl GeP e et
: : [ u S cti,ve..oxi dati on
of the 10 hifSﬁ(?ﬁ@iC in@sfgaépl"vdsgmge agian; n@%rBBﬂéPﬁcﬁﬁS leﬁggﬁaﬁento
hydr ocar bon,Bﬁtdtﬂdiaﬂypﬁhgégﬁam@d Opgmislsearm/cm?miSeﬂeqt?mecont(hitfdmg)f ohgani c
conmpoun assi st.s .by” oxjdal.i on renopy S i t . :This
inventigﬁ ciﬁgﬁfﬁﬂlg%& rﬁghppea‘flﬁgﬁ?gxf c{I}ﬁr ﬁhﬁgfﬁ’%&&& ytﬁ’?‘g'ggﬁb(}ﬁ%
rralt?ri al Is é@mﬁobfﬂb(yn,hmﬂﬁmacbntaiming ofgamatr anddor prtrggenwedstainomgai n
sul fur. In : ur . cant ent : b re e 1
percent. me?ggfﬁ%ctcoéﬁﬁ?ﬁﬂégi%%sg%i;5 ?))rx g{l/?téiélg é%r"?@gs?ff %}}ﬁglrco%ﬁg? {)(r)n of
refinery trangggaiati on fuel or bl ending conponents for refinery 20
transportation fuel, which process conprises: providing organic feedstock

Cﬁrmr! sing ahm' XITHiE Pverntgeni conoemplags dhei vechtiiem ofitwdrdbupetypbeum

the m Xt1grehyaci/r'orc]:%rgoﬂr?r\l/t'ltte)fiz{l?,ngésn cfia{l?}m ﬁgf?l%carbon oils of petroleum
origin which contain sulfur. In general, the sulfur contents of the
oils are in excess of 1 percent.

One aspect of this invention provides a process for production
of refinery transportation fuel or blending components for refinery
20 transportation fuel, which process comprises: providing organic
feedstock comprising a mixture of organic compounds derived from
natural petroleum, the mixture having a gravity ranging from about
10° API to about 100° API; contacting a gaseous source of molecular
oxygen (dioxygen) with the organic feedstock in a liquid reaction
25 medium containing a soluble catalyst system comprising at least one
multi-valent and/or heavy metal while maintaining the liquid
reaction medium substantially free of halogen and/or halogen-
containing compounds, to form a mixture of immiscible phases
comprising hydrocarbons, oxygenated organic compounds, water of
30 reaction, and acidic co-products; and separating from the mixture of
immiscible phases at least a first organic liquid of low density
comprising hydrocarbons, oxygenated organic compounds and acidic
co-products and second liquid of high density which contains at least
portions of the catalyst metal, water of reaction and acidic co-

35 products.



10 APl to about 100 API; contacting a gaseous source of nolecular oxygen
(di oxygen) with the organic feedstock in a liquid reaction 25 nedi um

cont ai ni ngoanmaisebl e catal yst system conprising at | east @aa/uSoubisp4 val ent
and/ or heavy netal while maintaining the liquid reaction nmedium
substantially free of hal ogen and/ or hal ogen- contai ni ng conpounds, to form
a mixture of i nmilaciobeeagpenteshicamyensiong prodidesr doprocess ywdreaenan thrgani c
conpounds, . of ti nd. acd AieGr 05 ts; S |

From the m o Banico; fEUNBRET, nppRes 2Colifir Lonafiip, ®an@lbr > I GhbAT

| ow densi ty COBSMBING| ABSANEr CRBPOUALS RG gahANQEE d?fjg&’ ieh c&iep oxidizedntn
acidic co- phediquid aedcaeaonte diudii dAdvanitgpedasisi, t themveebndosephngted

| east pgrtllons of. the cal%aélkystsﬁgegal, vg?lher .0of rea tIPI’] and _aci dlf ﬁ?- 35
product 55 o HAYig2 /b 63b AT st 080 FORTAIRiBE s g cleast (A7 BOTTgof offte
provi des a prodeed wearlfimcohtainonganiand/eedsmitiogempontaning  organic

sul fur-cont %thﬁguﬂag/or ni trogen- containi ng organi ¢ conpounds one or nore
of which are oxtdrzed in the liquid reaction nmedium Advantageously, the

second separ at ed %ﬂﬁﬁzgg'gg%hispggc@g@o%@%g{%o% CQRé i jjveatdn | Fasthér

portion of the axi r-contai ni ng [ or,. nitrogen-containi.ng
organi c cofMUPSS eRIHactiBgathe, separkicss reaBtoAHg Y th re nEWERIZHIE
further 1ocomdens eag@ni@csveting he meikiort hdvirigaailow icvhitentvi 6thadidic co-
neutralizin Mgent and recovering a product having a | ow content of
aci dic co- 8’&9 . Processes of the present invention advantageously
I nclude <catalytic hydrotreating of the oxidation feedstock to form
hydrogen sul fi dProcessesmeyf lthe s prasentedimmemioms aflvantageouslyuiimclude

f eedst ock, ]crﬁté;l
a

Tquia i n GETHEENT oA GUROORRDOR ey bk 16°Rortg Y Alpgey o

portion of SﬂllllgdGrt}’élti@h: maxdhe cparated poduges drom eirbavikhidesdsindsess

for peypol edpMedied idd atstidc 9oebeit, neh @oTebyi Malshims vv"ﬁheagaéo@@illidmm.
bet ween aboyt 50 C.f and, about 4{9%3 .. whlggh y&{?oé[eatlg 2 process  or
i ncl udes r edBt AR SRR S @SBREL AfdhEL MVYeRtion, lsgta geﬁﬁt portion o
the organic feedstock is a product of a hydrotreating process for

petroleum distillates consisting essentially of material boiling

between about 50° C. and about 425° C. which hydrotreating

20 process 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.

In another aspect, this invention provides a process for

25 selective oxygenation of organic compounds wherein all or at least a
portion of the organic feedstock is a product of a hydrotreating
process for petroleum distillates consisting essentially of material
boiling between about 50° C.and about 425° C. The hydrotreating
process includes reacting the petroleum distillate with a source of

30 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.
Generally, useful hydrogenation catalysts comprise at least one
active metal, selected from the group consisting of the d-transition

35 elements in the Periodic Table, each incorporated onto an inert
support in an amount of from about 0.1 percent to about 30 percent

10



hydr ogen at hydrogenation conditions in the presence of a hydrogenation
catal yst to assist by hydrogenation renoval of sulfur and/or nitrogen from
t he hydr owoaamnerd2pet rol eum di stillate. In another aspect, PCIIES02/msent i on
provi des a process for 25 selective oxygenation of organi c conpounds
wherein all or at |least a portion of the organic feedstock is a product of
a hydr ot r eatbyngveighbcels the dptalecatalyam dS@ttagleat@stvc@rmiesalimguzlgdemthm |y

of material g bRinsifigndeietBentsifUihedPefodi ITABRY kléhents H@ﬁngym@hggat.' ng
process incl udes reac{:rl gﬂi]ge pﬁ;ﬁéeun‘k{il st Iite ﬁth a source o

hydr ogen at YBPEH RO Qi Y ot P ’h%“‘é)r d8ce®of a hydrogenation
catal yst to assist by hydrogenation renoval of sulfur and/or nitrogen from
t he hydr ot r eat ed Hedrogematiali tatalyaste. berefneiadlyl }contasiaf @ combingdoat iofn

conei 4t 1 0o SHEERE® (TrefEARd oRE hIGFOUENFROR, calBVRE FebrlraRil 2t Y
i ncor por at edwentmetals i selecteduipfant the groupogensistinig oof atahadt, 0 mickek,cent
to about 30 ReraTinu0 48 06H0AEN2S IICH! LSRZLANIB By HBLAN! 4R LdBalkol

catal yst. Suit ctive netarls mclH ansition elenents in the

e . t
Peri odi ¢ Tat®ngd B1Q} Wi oh gigkel nas MEBACR 1 o antgggoushy theas,
and 72 to 7hydsdendeiont icatabatabyaiprifanedti [ast | twe ondtvéd meradi sathon of
5 met ali Pr.éferred are hydrogenat. on .fcjat al fésts contﬁ;u ni na at .l east two
metal s 181 cABEATRQTAEY nanty of piatels QAR o SuPBORl o HCH AR kI Uming] YheRum
and tungst emmdnt ofrfedrr abbut @d- petceind tr abouba2@ percdntoby beteight of
ni ckel and qﬁ%yﬁg@nemal ant ageously, the hydrogenation catal yst
conprises at [east two active netals, each 10 incorporated onto a netal
oxi de support, sych as alumna in an anount of from about 0.1 percent, to

b
about 20 percent 1ByOlgi gHRects thihdnvephionc Arovydes for the REQustionniof
itjlrlvegtion prrefindes ftﬁHnstﬂUIt_@ti@dUCﬁliebnor)fblendim@e?Mmp(ﬁi‘?ﬂ@rtf@t!ﬂ{fiﬁ@ﬁy or
endl ng.CoO t . r ner t S on. e relnet
hydr otrggti Egé)tgsr%o_}gigé%huy ﬁ‘uéér Wﬁﬁﬁ%’ﬁ%e%ﬁa?‘&ﬁ@%#bﬁgf Ii’er/g;%ﬁ_%r%{rﬁggf ed
pet rol eum dicomprises partitooming loft then hydnotoeats spetrebmtmondistilaterobyi ng
liquid consigitfingtidh b provide at least one low-boiling liquid consisting of a
sulfur-lean, mono-aromatic-rich fraction, and a high-boiling liquid
consisting of a sulfur-rich, mono-aromatic-lean fraction, and
20 wherein the organic feedstock is predominantly the low-boiling
liquid.”

Typically, a suitable catalyst system for selective oxygenation
of organic compounds according to the invention included one or
more active catalyst metal selected from the group consisting of

25 manganese, cobalt, nickel, chromium, vanadium, molybdenum,
tungsten, tin cerium, or mixture thereof. Beneficially, at least a
portion of the catalyst system is recovered from the separated
second liquid, and all or a portion of the recovered catalyst system is
injected into the liquid reaction medium.

30 In one aspect of the invention, the catalyst system for
selective oxygenation of organic compounds according to the
invention comprises a source of catalyst metal selected from the
group consisting of manganese, cobalt, nickel, chromium, vanadium,
molybdenum, tungsten, tin, cerium, or mixture thereof, in the form

35 of a salt of an organic acid having up to about 8 carbon atoms
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sul fur-1ean, nono-aromatic-rich fraction, and a high-boiling |iquid
consisting of a sulfur-rich, nono-aromatic-lean fraction, and 20 wherein

t he orgamwo okeexdsi ock is predonminantly the | owboiling | ipquiuso2/dps cally,
a suitable catal yst systemfor sel ective oxygenation of organic conpounds
according to the invention included one or re a?ti ve catal yst netal

sel ected from t hBrefesablyortbeswcatyst estghgloteseleetdyal oxygepaapn of

chroni um vapatiid g oARJARABN HELorditP o B invenEidn WomPFiset X4 Wolrédeseof .
.emis.recovered, from

Beneficially,7at |eas ortiron.of the catalyst sys
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cat al yst sysépfegj@teﬂnbycfmnum o the liquid reaction nedium 30 In one
aspect of the invention, the catal yst systemfor selective oxygenation of
organi ¢ gonpounds according to the N I i ses a source of

catal yst nmetal selected fromthe group consisti'ng of nmanganese, cobalt,

ni ckel , chrom um vanadiu nol ybdenum tungsten, tin, ceriy or m xture

t her eof , i nviheref o i§ 239708 a Eif (MofS 0N rYPadnereciERAeT ng lrﬂ?et ETaPut 8
carbon_ at omoAdisWRe02/0963AaRgREE44IS026BAIBI4 rRcledler atirpmilue, cataaladiunsyst em

f | t { f i d i { i ti
comr  ses. anzomadEnn. cliiyed, MY And o FREHEAS FRE TR QgP&%Q@?&? &g of
conpounds  gepupseonssting OO mahgarsesd, chb]ﬂtcppqq:rlum.mﬁxea and R’;res.

The M1Foongme” JIR(E GRTRRFrREnf Dindibts COPIHRL | PiolS ERAIABRRE. ofobal !

ni ckel , Chrom um Vvanadi um _ nol ybdenym, tungsten, cerl nd nore
preferably bydrogenupt@anan@tmféﬁblr, ﬁﬁﬂ’damg, a 1t ang; alleyRylm SrHP SR and

R are 10 thgy r 16l d6 e B0 reurbens aabnidleand onporeosietet alslyofum to
hydr ogen at o an @gth |, al kyl, aryl, al kenyl and al kynyl groups having
up to about 3Putal dzﬁrg?’én%ﬁoréﬁd nmore preferably up to about 10 carbon
atons. Advant ageously, the catalyst systemfor selective oxygenation 15 of

organi ¢ conpound¥dwamtagicogstyy tie catabrsti systemnpforsseleativeuoxy genation
15 of organic compounds according to the invention comprises a source
of catalyst metal selected from the group consisting of compounds

represented by formula

Mn[RCOCH=C(0-)R’] 2,
Co[RCOCH=C(O-)R’]2 and/or
20 Ce[RCOCH=C(O-)R’] 3

where R and R’ are the same or different members of the group
consisting of a hydrogen atom and methyl, alkyl, aryl, alkenyl and
alkynyl groups having up to about 20 carbon atoms, and more
preferably up to about 8 carbon atoms. Most preferred, are a source

25 of catalyst metal selected from the group consisting of compounds
represented by formula '

Mn[CH3 COCH=C(O-)CH3] 2
Co[CH3 COCH=C(O-CH3] 2
Ce[CH3 COCH=C(O-)CH3] 3

12



of catalyst netal selected fromthe group consisting of conpounds
represented by formula Mi[RCOCH C(O-)R] 2, Co[RCOCH (O)R] 2 and/or 20
Ce[ RCOCH®O@2)piR925 3 where R and R are the sanme or differeat/userbsps of the
group consisting of a hydrogen atom and nethyl, alkyl, aryl, alkenyl and
al kynyl groups having up to about 20 carbon atons, and nore preferably up

to about 8 carbo aither Mxjfedtreff #ii§ ddvent o thery 4¢ ptovetiedat prysésyret al

selected fromthe grou onsi st.i ng..of _conpounds epresent ed by, fornul a
Mh[ CH3 PO ﬁo‘gl&k%‘tcﬁg Ry oq?%ﬁl@’ﬁ”%{‘ ][ﬁl‘-?g &bﬁﬁk‘i‘tﬁ‘)"@e ] 3
12 WO 02/ 0628#Hp RENtiSOfso13efinleny anttdnspoasptaon offuehi swhicknt poacesere is

provi ded a .fo 3 uci,on i efkpnerytr r.t atg
Dl ending. coOpBARs: pafpRLEE ChY 2 ARUNEIORTT fin | BFERRG 2 fLellsiata. of
conpri sés: paMprisiegi AgNHytarestof PEZINA SAMBYHHIT (f@'éb@@o&@fa d@tPraking a

m xture of BeAYIEEHSOMOURISHER! heedn r@ﬂgﬂﬁimyalrangmigr ofroHiM abidier Mot ure
having a gr t\é?r n |n? égogbflbout 10., APl to gbou 00 APi. tOOpI’OVLde at
| east one | &iloH A0HItFQRAni 2PT 4o Pravids 4t Legfs £ one Jlaw-hoilingy, organic
rmnol- ?r orat bﬁrtr io@hsfs:tgrgt iofna swhifuraledn,gmdiwdiaromatiganck fractionpraidta ng of
a sulfur-ri non i c- ] ean ian; gontac . gase our ce
of di oxygenﬁwthl?o_lﬁpél e§£§§§_EpoPl[1 oncéﬁglt%hél%noﬁ boél isﬁigﬂgrr' B c Eﬁ?‘ﬂgT n a
| i qui d T@acarematieetéamm fractianhicontactog abgasentsasgurces pftoxygemrwitng a
sour ce of S atalyst k156! f i sting
of manganeg{e,léésgbélpﬁ?ﬁr?ﬁcbglt?iéclﬁ%;tr%%ldlrhﬁgvg%@%nﬁs%w%dgﬁg}# 1 Qﬂﬁ? st en,
tin, ceriunMetium x¢UHAIRIAG aotoluble catalyshisySHMRg CORPTIIINGUR SAWEBT Pgn
medi um subshanehdl |onef [RBal8fst hplEENseleeicd frbal ogRN-@opal dindestigPeands,
to forma mxture of |m*nség| bl e hasehs cor{ﬁﬁl Si n%&@(drocarb N%qe2% enat ed
organi ¢ conPBAREANESEacaball  Igke], o CITOIIUR; §iva -B%du’&ltog;y ting
fromtht5 tungsten, tin, cerium, or mixture thereof, while maintaining the

liquid reaction medium substantially free of halogen and/or

halogen-containing compounds, to form a mixture of immiscible

phases comprising hydrocarbons, oxygenated organic compounds,

water of reaction, and acidic co-products; separating from the

20 mixture of immiscible phases at least a first organic liquid of low

density comprising hydrocarbons, oxygenated organic compounds

and acidic co-products and second liquid of high density which

contains at least portions of the catalyst metal, water of reaction

and acidic co-products; and contacting all or a portion of the

25 separated organic liquid with a neutralizing agent thereby
recovering a low-boiling oxygenated product having a low content
of acidic co-products.

Beneficially, at least a portion of the separated organic liquid

is contacted with an aqueous solution of a chemical base, and the

30 recovered oxygenated product exhibits a total acid number of less
than about 20 mg KOH/g. The recovered oxygenated product
advantageously exhibits a total acid number of less than about 10

mg KOH/g. More preferred are oxygenated products which exhibit

a total acid number of less than about 5, and most preferred less

35 than about 1. Preferably, the chemical base is a compound selected
from the group consisting of sodium, potassium, barium, calcium

and magnesium in the form of hydroxide, carbonate or bicarbonate.
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20 m xture of inmm scible phases at least a first organic liquid of |ow
density conprising hydrocarbons, oxygenated organic conpounds and acidic
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fraction, and a high-boiling organic part consisting of a sulfur-rich,
mono-aromatic-lean fraction; contacting a gaseous source of
20 dioxygen with at least a portion of the low-boiling organic part in a
liquid reaction medium containing a soluble catalyst system
comprising a source of at least one catalyst metal selected from the
group consisting of manganese, cobalt, nickel, chromium, vanadium,
molybdenum, tungsten, tin, cerium, or mixture thereof, while
25 maintaining the liquid reaction medium substantially free of
halogen and/or halogen-containing compounds, to form a mixture
of immiscible phases comprising hydrocarbons, oxygenated organic
compounds, water of reaction, and acidic co-products; separating
from the mixture of immiscible phases at least a first organic liquid
30 of low density comprising hydrocarbons, oxygenated organic
compounds and acidic co-products and second liquid of high density
which contains at least portions of the catalyst metal, water of
reaction and acidic co-products; and contacting all or a portion of
the separated organic liquid with a neutralizing agent and
35 recovering a low-boiling oxygenated product having a low content
of acidic co-products. The integrated process includes contacting
the high-boiling organic part with an immiscible phase comprising
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bet ween about 75 C. and about 425 C. to provide at |east one | ow boiling
organic part consisting of a sulfur-lean, nono-aromatic-rich fraction, and
a hi gh- bowlbimgemegani ¢ part consisting of a sulfur-rich, PCT/US02/01394
nono-aromatic-lean fraction; contacting a gaseous source of 20 di oxygen
with at |east a portion of the lowboiling organic part ina liquid
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precursors mtf@gganﬂtﬁlbéhaclilkghr INng | &q:‘HOBXI dation reaction mxture

mai nt ai ned substantially free of catalytic active netals and/or active

net al - cont ai ni ng@afaien dor afxe whdgis con@nticms thei tabtigcitde phiadat ipn of

o soune: © GpEc, Pro ML 3 e G hRN SRS TSP €
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Dv-n

sorbent, an i 6N exchange’resin, or a sui rmlsm
cont ai ni ng as Sermsst W adbring) él 9BEN c PERP ,cé?ﬁﬂﬁjrﬁfld,t @n oBY%tleﬁ a

hi gh-boi | i N\ @y #skaGleot@nf ai 8 Ntedsess spbrtion ad/ ehel exparated peracid-
containing phase is recycled to the reaction mixture. Preferably,
20 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.

Sulfur-containing organic compounds in the oxidation

feedstock include compounds in which a sulfur atom is sterically

25 hindered, as for example in multi-ring aromatic sulfur compounds.

Typically, the sulfur-containing organic compounds include at least

sulfides, heteroaromatic sulfides, and/or compounds selected from

the group consisting of substituted benzothiophenes and
dibenzothiophenes. '

30 Beneficially, the instant oxidation process is very selective in
that selected organic peracids in a liquid phase reaction mixture
maintained substantially free of catalytic active metals and/or
active  metal-containing  compounds, preferentially  oxidize
compounds in which a sulfur atom is sterically hindered rather |

35 than aromatic hydrocarbons.
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nitrogen than the high-boiling fraction. Generally for use in this

I nvention, the immscible phase is forned by adm xi ng a source of hydrogen
per oxi de wodRm629245 al kyl hydr oper oxi de, an ali phatic nonoeamhweybizes aci d of
2 to about 6 carbon atoms, and water. Advantageously, the inm scible phase
I's formed by adm xi ng hydrogen peroxi de, acetic acid, and water.
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25 hi nde5edfrfbc§1¢1@>r exarrpl ein rrul ti-ring aromatic sul fur conpounds.
Typi cally, the sul fur-containing organic conpounds include at |east
sul fides, heter OqT}ﬁ)mh'v@ns]ldnf Ipi@‘.vlde@déo rmom@el atlt ed fr demstt he

Benet i ci ai | pouihe of 5l 3REH e pEMguet) GE JhraRRCREE %0
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net al - cont ai n ize 0]
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provi di ng Efﬁ‘rih&rn%i]@dt af thigaiivemeon ovhd diy drogeatidn qnoaasis qmludes

i gh ot 1 T T L R

at |least a (ilsgﬁlgg
hydr ogemét i drydrogenationol eonditicns | imt ¢heorpriesenog eafsent hyidrpgenation eri al

boiling betveemapoyt 3Qsfst a3 AYArbgératibn Pr&hevaP! bf sulfur and/or

nitrogen from the hydrotreated petroleum distillate.

Advantageously, the hydrogenation catalyst comprises at

least one active metal, each incorporated onto an inert support in

20 an amount of from about 0.1 percent to about 2.0 percent by

weight of the total catalyst. Preferably, the active metal is selected

from the group consisting of palladium and platinum, and/or the
support is mordenite.

According to a further aspect of this invention, the
25 hydrogenation process includes partitioning of 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 fraction consisting of a
sulfur-rich, mono-aromatic-lean fraction. Advantageously, the
30 oxygenation feedstock consists essentially of the high-boiling
fraction. Typically, an integrated process of this invention further
comprises blending at least a portion of the low-boiling fraction
with the acid-free product to obtain components for refinery
blending of transportation fuel friendly to the environment.
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10 the petroleumdistillate consisting essentially of material boiling

bet ween about 150 C. and about 400 C., and nore preferably boiling between
about 175wG.02as2mbout 375 C. According to a further aspect/usb2/ot3vs

i nvention, the hydrogenation process includes reacting the petrol eum
distillate with a source of hydrogen at 15 hydrogenation conditions in the
presence of a hydhgemathonoxudatadysfeedstaski sis by hghrbo@ding | distidabeal of
sul furand/ gaceidd " BFY el Ofohi® NHbEERARA] BPLA OEMiby Stiddadh - the.
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further aspabouof4@0i <. anwdnmiosa, preferabby hharlong:rbetvecerpr akeists 2HC Gdes
partitioni ”%nangBﬁt hydeogr eated petroleumdistillate by distillation to

provi de at I'east one low boiling blending conponent consisting of a
sul fur-1ean, non

?- aromatic-rich fraction, and a high-boiling fraction
consi sting of a 1BuPHRRT. ASPRCISTEHOUNS o HRYSRIPRa CMERIP . PIRFESSFRgBERS v,
]Ehe fQ Oxygwébiﬁ‘df\ehdﬁéiﬂfkh@ﬁnsp scbfscmetim}gatlhey midaﬁenhfwd?hmk lagd
ractio ical Ly, am_integrated,proc en u I
conpri sig bI){ }S@B’l& pl?lgégtlsgcg{)r?&io Utog%?‘ﬁ@“loé%@io.{‘whgéé‘?@&rréﬁp‘e‘wtt h the
aci d-free provdssicurventht @i ooeoupenerflews of theftimoephasbsendi ng of
transportation fuel friendly to the environnent. 16 WO 02/ 062925

PCT/ US02/ 01394 WRghe d h?g@“&?&éﬁ&ﬂ??é&én%}i_ I3 9 fﬂighztb&ilif}]g;g di'é@lia'téate

fraction derived from hydrogenation of a refinery s\tmg,am t refinery

st r eam consiftagiiesderivad y nﬁky&m&eann anbé_t dRCTYibtkearno theand

abgut , 4|25bC_-reﬁr r§r aéqfefamh%dxﬁﬁg,ztagre\sséﬁﬁgﬁm goft?ﬂéﬂggiacl:ng)cﬁﬁggmbe?dwye@f
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of this inveonststing @stentially pfoneesesl boding between about 250° C. and
about 400° C,and more preferably boiling between about 275° C.

and about 375° C.

Preferably, the immiscible peracid-containing phase is an

20 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 and hydrogen peroxide.

Beneficially, at least a portion of the separated peracid-containing
phase is recycled to the reaction mixture.

25 In another aspect of this invention 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,

30 carbonate or bicarbonate. Particularly useful are 'aqueous solution
of sodium hydroxide or bicarbonate.

In one aspect of this invention the treating of the recovered
organic phase includes use of at least one solid sorbent comprising
alumina.
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provi ded wherein the step of contacting the oxidation feedstock and 10

I mm sci bl e phase is carried out continuously with counter-current,

Cr 0oss- curwen/oemes co-current flow of the two phases. Wer @eCrhmsopxisgat i on
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the treating of recovered organic phase includes use of at |east one
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In other aspects of this invention, continuous processes are
providedkwherein the step of contacting the oxidation feedstock and
immiscible phase is carried out continuously with counter-current,

20 cross-current, or co-current flow of the two phases.

In one aspect of this invention, the recovered organic phase of
the reaction mixture is contacted sequentially with (1) an ion
exchange resin and (ii) a heterogeneous sorbent to obtain a product
having a suitable total acid number.

25 For a more complete understanding of the present invention,
reference should now be made to the embodiments illustrated n
greater detail in the accompanying drawing and described below by
way of examples of the invention. |

30 BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are schematic flow diagrams depicting
preferred aspects of the present invention for continuous
production of components for the blending of transportation fuels

18



atons, preferably nethanol, ethanol, propanol, ethylene glycol, propylene
gl ycol, butylene glycol and aqueous solutions thereof. 10 Particularly
useful arwoimms®es bl e |iquids wherein the solvent conpri ET/SOTOIEPOUNI
that is selected fromthe group consisting of water, nethanol, ethanol and
m xtures thereof. In yet another aspect of this invention the sol uble basic
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total acid GOFRQUNGS [y 1MWy, As M6 1 HY @Pgﬁﬁi rPS’aéFSt FETHPESHNE

i nvetnt i 03, t hy.qfr_@c@nm]h sshoxlygenatede orgateict conmpowndsydi weters of Ireatriened in
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pr esent inva@bgﬁﬂ ffaﬂﬁ gg&a@ éi t NeBh& AL att &Pl £ndi ng
o e e e gnd =

f'inagr ?Imqﬁf d'ﬁlrrsﬁlﬁﬁact _slnmgaﬁ@rﬁémqaﬁt !i@@v@shedl)r\gﬁhi @nI @gdééw Ksotmtibndb@xygen
| I Um conj.ai ni ng_a so catal yst system
conpri si ng épg}%ssl?ﬁ}goﬁ‘ﬁf‘?is‘ﬁubgperﬂr %&’& o?‘&l’l‘ﬁ?/f%ﬁé?’é@i Mﬁee ARARLSI ni ng
the |iqusd teantutralizeedindfosulvemeone aacidid rew prbdhatsogeh cxmddtoon, and
hal ogen- con&g&g{,&g 0%%@@ r&cﬂ%étor ma m xture of imm scible phases
ydrocar S, ox;s/%ena C

conpri sing ed organi c conpounds, water of reaction,
Elements of the invention in the schematic flow diagram of

FIGURE 2 include hydrotreating a petroleum distillate with a source
of dihydrogen (molecular hydrogen), and fractionating the

20 hydrotreated petroleum to provide a low-boiling blending
component consisting of a sulfur-lean, mono-aromatic-rich fraction,
and a high-boiling oxidation feedstock consisting of a sulfur-rich,
mono-aromatic-lean fraction. This high-boiling oxidation feedstock
is contacted with an immiscible phase comprising at least one

25 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 for oxidation of one or more of the sulfur-containing
and/or nitrogen-containing organic compounds. Thereafter, the

30 immiscible phases are separated by gravity to recover a portion of
the acid-containing phase for recycle. The other -portion of the
reaction mixture is contacted with a solid sorbent and/or an ion
exchange resin to recover a mixture of organic products containing
less sulfur and/or less nitrogen than the oxidation feedstock.
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and acidic co-products. The m xture of inm scible phases is 10 separated by
gravity to recover at least a first organic liquid of low density and
second | iwoiodoed2hi gh density which contains at |east a portisonei3ef the
catal yst metal, water of reaction and acidic co- products. The organic
liquid is washed with an aqueous solution of sodium bicarbonate sol ution,

or other sol uble chem cal base ¢ I |ize and/or renove
acidic co-products of oxidati or@ﬁﬁﬁgﬁré@é@&%@gnat ed product. Elenents
of the invention in the schematic flow diagramof FIGURE 2 include
hydrotreating a pdvanktegeouklst iddtatystvsystemsafrthe inventiibpdcoggprising

(nol ecul ar hydr.ogen) f r,act.i.onat.i e h o] e upto
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conpri si ng Emi¢ efym.onelks 6?@3%“0 wetalcilg orefe Yscﬁeie‘iﬁe orfg%Wi cthe
peracid, in ?Qlip QbR  dP Mapai e iRl nécbalecors whiitane | tldryof,r @a df
catal ytic ait&l“ e tals andlﬁﬁ acal ve netal -contai ning conpounds and under
conditions &Rl d0aY: beGMRIP¥RY0f one or nore of the sul fur-containing
and/ or nitrogen-containing organi c conpounds. Thereafter, the 30 inmscible
phases are separ Rredegblyr ahé tspurce refcoatalyst pustal ds afcompeund having

aci d- copy ai %ﬂﬂuWaRﬂ\%}BrCO@Hﬂ@-)Cﬁ@ ok hefe -Moist then catalybe megdctamn
m xture 1s contacted th a solid’sorbent ,and/or an ion exchange resin to
recover a nKxtisir@ oif odganiWhenodths s Teactieon nimgdivess isyRf gAML or Of ess

giE}\l rogen DtE gﬁ ldgggam&%@t itﬁmﬁgecalstgeﬁ&itg/lﬁrawgiﬂg/ ?ﬁ@az&s%mtﬁw uwzlﬁtms%
vant ageous ca st_ systems o e inyention
conprising @ Ogbur?gge\ofﬁﬁ’tat gﬁ?stp‘)é;?ﬁqecgeggﬁ f?ﬂsn%tﬁ}ey%tr 0 Y@éns?%‘?i ng
of  mangane€efCHaGAH=G(CeXHE I2chr oni urYIn{GHa GQX=REHGdelum 5 t @ikt en,
! . : oo , | orl o o
tin cerygm @{crfl},s@gpéﬁ(;(g};@ﬁ %'(5} 8| BBt of AHeré6H. Wihien itRei edc@idh The

catal yst netalr s | ected fromthe  group consisting of
manganese amedisibal is dhenilewabeilingr frgctiogndhaving the minor amount of

sulfur-containing organic compounds, the more preferred source of
catalyst metal is Co[CH3 COCH=C(O-)CHz 2.

Suitable feedstocks generally comprise most refinery streams

20 consisting substantially of hydrocarbon compounds which are liquid
at ‘ambient conditions. Suitable oxidation feedstock generally has

an API gravity ranging from about 10° API to about 100° API,
preferably from about 10° API to about 80° "API, and more
preferably from about 15° API to about 75° API for best results.

25 These streams include, but are not limited to, fluid catalytic process
naphtha, fluid or delayed process naphtha, light virgin naphtha,
hydrocracker naphtha, hydrotreating process naphthas, alkylate,
isomerate, catalytic reformate, and aromatic derivatives of these
streams such benzene, toluene, xylene, and combinations thereof.

30 Catalytic reformate and catalytic cracking process naphthas can
often be split into narrower boiling range streams such as light and
heavy catalytic naphthas and light and heavy catalytic reformate,
which can be specifically customized for use as a feedstock in
accordance with the present invention. The preferred streams are

35 light virgin naphtha, catalytic cracking naphthas including light and
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the netal may be enployed Preferably the source of catalyst netal is a
conpound having 10 fornula M CH3000H=C(O )CH3]x where Mis the catal yst
metal , amwlo 02/062922 or 3. When the reaction nmediumis a nm PCUASOW61394

hydr ocar bons, having a gravity ranging fromabout 10 API to about 100 API,
the preferred sources of catalyst nmetals are Co[CH3 COCH=C(O ) CH3 ] 2,
Mh[ CH3 COO%@@@VYCFBtaJIYUQn@Fafklm[@HQGMQ@O§@ﬂ£§]@C grefgr i eluging
thereof . \We¢pH;hand gasiviyoRatdTpticureformde had Betiviativdy aftsuel Fefihegyt he
m nor armun&%,?j; sutl)fur-cont ai ni ng organi ¢ conpounds, the nore preferred
sour ce of PRt SR Seo[ CH3 COCH (O ) CH3 ]2 Suitabl e feedst ocks
generally conprise nost refinery streans 20 consisting substantially of
hydr ocar bon conp@mtiblehi oxidation i feedstomks- agenerally ontidudes. redaneapl e

oxi datiop f : [ | NEA 0 API
o aboutgloﬁ?%l?Fé‘s?éé}ﬁ%Z%+§lfiﬁ?%Fnaiﬁ%‘ﬁ gl *%‘Bégbﬂggégﬁfp?‘?@%ééme
preferably fabomtadddf 15, mreteratiyoul 5¢° 5 Caro f@hmﬁesg esl-t 3nd29MoRese
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[e}‘ or mat e, ?ﬂﬂit@dongi,i wigghi VAght emiddlé¢ P&h’etillatef,eavritrgiiucIhelaeyzenﬁ'ddle
ol uene, ~xyl gne,,.and L£orbi nati ons : t | a
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i gm hand E%Q“”t@d%g‘?g%ﬂt wdr /ddl‘t“ﬂ?/(tﬁl%%lklhﬁgvx)r@a%@l Yight tcatlaqktimgcyt]t}bt
napht ha, _cat al] yti.c ref.ormat.e includin | angl. vy catalytic reformate
and der ilvat iQ} scqg‘lersﬁklﬁ ﬁg@ﬁﬁtq’yan&ﬁ%ﬁffkegt&@éﬁ&lt)ésm t abl e oxi dation
feedstocks generally include refinery 5 distillate steans boiling at a
t enper at ure rangdt fiscalsabanticimted that one or more of the above distillate
steams can be combined for use as oxidation feedstock. In many
cases performance of the refinery transportation fuel or blending
components for refinery transportation fuel obtained from the
20 various alternative feedstocks may be comparable. In these cases,
logistics such as the volume availability of a stream, location of the
nearest connection and short term economics may be determinative

as to what stream is utilized.

Typically, sulfur compounds in petroleum fractions are
25 relatively non-polar, heteroaromatic sulfides such as substituted
benzothiophenes and dibenzothiophenes. At first blush it might
appear that heteroaromatic sulfur compounds could be selectively
extracted based on some characteristic attributed only these
heteroaromatics. Even though the sulfur atom in these compounds
30 has two, non-bonding pairs of electrons which would classify them
as a Lewis base, this characteristic is still not sufficient for them to
be extracted by a Lewis acid. In other words, selectively extraction
of heteroaromatic sulfur compounds to achieve lower levels of
sulfur requires greater difference in polarity between the sulfides

35 and the hydrocarbons.
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about 425 C., preferably 150 C. to about 400 C., and nore preferably
bet ween about 175 C. and about 3750 C. at atnospheric pressure for best
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cracking process light catalytic cycle oil, coker still distillate,
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whi ch woul dhyldaesarfbon rsdneamsisub@ffecteédse, this characteristic is still
not sufficient for themto be extracted by a Lewis acid. In other words,

sel ectivel y extréﬁh{epncoﬁi S o IEht | #158UlHave CABROVDAGIA® patahi eye
| oner | evels of sulfu epw.res greater difference in polarity. between the
sul fi det® 35legtBoR%dDR Wés. %tWWBfifQ?g“P@ﬁ/ Eﬁoﬁmfgﬂnéyl%ans

of 1iquid pligsesaiedstream agdaer diegabove hswl fideserdreofiound. | sApnnaes bheet o
sel ectively_convert. t i des ~hnt I K P S G,
oxygenat ed ﬁ?%uﬁ)aggngﬁﬁﬁdgﬁﬁﬁce%' asT Hséu??%xi des (glt]gfectr ﬁngﬁ%bg as 4
Bronstad - Lowry base (proton acceptor) as well as a Lewis base
(electron-donor). This pair of electrons on the atom makes it
20 vulnerable to oxidation in manners similar to sulfides.

As disclosed herein oxidation feedstock is contacted with an
immiscible phase comprising at least one organic peracid which
contains the -OOH substructure or precursors of organic peracid,
and the liquid reaction mixture is maintained substantially free of

25 catalytic active metals and/or active metal-containing compounds
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
a combination of hydrogen peroxide and a carboxylic acid.

30 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 preferably,
the organic peracid is selected from the group consisting of

35 performic acid, peracetic acid, trichloroacetic acid, perbenzoic acid
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sul fones. Conpounds such as dinethylsulfide are very non-polar 5 nol ecul es.
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or precursorssul%gﬁé,eoﬁresﬁ%agﬁlst b&e%ﬂlet “ame mechanism. Similarly, it is
expected that the nitrogen atom of an amino is oxidized in the same

manner by hydroperoxy compounds.

20 The statement that oxidation according to the invention in the
liquid reaction mixture comprises a step whereby an oxygen atom
is donated to the divalent sulfur atom is not to be taken to imply
that processes according to the invention actually proceeds via such
a reaction mechanism.

25 By contacting oxidation feedstock with a peracid-containing
immiscible phase in a liquid reaction mixture maintained
substantially free of catalytic active metals and/or active metal-
containing compounds, the tightly substituted sulfides are oxidized
into their corresponding sulfoxides and sulfones with negligible if

30 any co-oxidation of mononuclear aromatics. These oxidation
products due to their high polarity, can be readily removed by
separation techniques such as adsorption and extraction. The high
selectivity of the oxidants, coupled with the small amount of tightly
substituted sulfides in hydrotreated streams, makes the instant

35 invention a particularly effective deep desulfurization means with
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processes of the present invention enploy peracetic acid or precursors of
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oxi dat i éﬂ esé’ggqu?ékaanr?ﬁs&%@?a??ﬁé containing inmscible phase in aliquid
reaction m xture maintained substantially free of (fltal yt|c actiye netals
and/ or active metlal -acsondanes nyitbniliandsvertent j gpdifionspafi the ediBUMds i des

are oxidize 9 §0ftabl &€ Of; reéﬂi)dtﬁié}g &utingx 'tH@Scéﬁ'ﬁcﬂﬂgf ahes o\MlﬂHtlon
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about 250° C., with temperatures between about 50° and about
150° C. being more preferred. Most preferred temperatures are
between about 115° C.and about 125° C

20 Integrated processes of the invention can include one or more
selective separation steps using solid sorbents capable of removing
sulfoxides and sulfones. Non-limiting examples of such sorbents,
commonly known to the skilled artisan, include activated carbons,
activated bauxite, activated clay, activated coke, alumina, and silica

25 gel. The oxidized sulfur containing hydrocarbon material is
contacted with solid sorbent for a time sufficient to reduce the
sulfur content of the hydrocarbon phase.

Integrated processes of the invention can include one or more

selective separation steps using an immiscible’ solvent having a

30 dielectric constant suitable to selectively extract oxidized sulfur-
containing and/or  nitrogen-containing  organic  compounds.
Preferably the present invention uses an solvent which exhibits a
dielectric constant in a range from about 24 to about 80. For best
results processes of the present invention employ solvent
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sol vent potassium, barium, calcium and magnesium hydroxide, carbonate or
bicarbonate. For best results processes of the present invention
employ an aqueous solvent containing an alkali metal hydroxide,
20 preferably selected from the group consisting of sodium, potassium,
barium, calcium and magnesium hydroxide. In general, an aqueous
solution of the base hydroxide at a concentration on a mole basis of
from about 1 mole of base to 1 mole of sulfur up to about 4 moles,
of base per mole of sulfur is suitable.

25 “In carrying out a sulfur separation step according to this
invention, pressures of near atmospheric and higher may be
suitable. For example, pressures up to 100 atmosphere can be
used.

Processes of the present invention advantageously include

30 catalytic hydrodesulfurization of the oxidation feedstock to form
hydrogen sulfide which may be separated as a gas from the liquid
feedstock, collected on a solid sorbent, and/or by washing with
aqueous liquid. Where the oxidation feedstock is a product of a
process for hydrogenation of a petroleum distillate to facilitate

35 removal of sulfur and/or nitrogen from the hydrotreated petroleum

25
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components boiling above 400° C. are generally more profitably
processed as FCCFeed and converted to gasoline. The presence of
heavy hydrocarbon components in distillate fuels is further

20 constrained by distillate fuel end point specifications.

The distillate fractions for hydrogenation in the present
invention can comprise high and low sulfur virgin distillates
derived from high- and low-sulfur crudes, coker distillates,
catalytic cracker light and heavy catalytic cycle oiis, and distillate

25 boiling range products from hydrocracker and resid hydrotreater
facilities.  Generally, coker distillate and the light and heavy
catalytic cycle oils are the most highly aromatic feedstock
components, ranging as high as 80 percent by weight. The majority
of coker distillate and cycle oil aromatics are present as mono-

30 aromatics and di-aromatics with a smaller portion present as tri-
aromatics.  Virgin stocks such as high and low sulfur virgin
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 about 5

35 percent by weight to about 80 percent by weight, more typically
from about 10 percent by weight to about 70 percent by weight,
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st ocks such fasmhiabouand. 1l pereent y wepght to about 0.9 percent by weight
elemental sulfur. Where a hydrogenation facility is a two-stage
20 process having a first-stage denitrogenation and desulfurization
zone and a second-stage dearomatization zone, the dearomatization
zone feedstock sulfur content can range from about 100 ppm to
about 0.9 percent by weight or as low as from about 10 ppm to
about 0.9 percent by weight elemental sulfur.

25 Nitrogen content of distillate fractions for hydrogenation in
the present invention is also generally a function of the nitrogen
content of the crude oil, the hydrogenation capacity of a refinery
per barrel of crude capacity, and the alternative dispositions of
distillate hydrogenation -feedstock components. The higher nitrogen

30 distillate feedstocks are generally coker distillate and the catalytic
cycle oils. These distillate feedstock components can have total
nitrogen concentrations ranging as high as 2000 ppm, but generally
range from about 5 ppm to about 900 ppm.

The catalytic hydrogenation process may be carried out under
35 relatively mild conditions in a fixed, moving fluidized or ebullient
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Where the particular hydrogenation facility is a two-stage
process, the first stage is often designed to desulfurize and
20 denitrogenate, and the second stage is designed to dearomatize. In
these operations, the feedstocks entering the dearomatization stage
are substantially lower in nitrogen and sulfur content and can be
lower in aromatics content than the feedstocks entering the

hydrogenation facility.

25 Generally, the hydrogenation process. useful in the present
invention begins with a distillate fraction preheating step. The
distillate fraction is preheated in feed/effluent heat exchangers
prior to entering a furnace for final preheating to a targeted
reaction zone inlet temperature. The distillate fraction can be

30 contacted with a hydrogen stream prior to, during, and/or after
preheating. The hydrogen-containing stream can also be added in
the hydrogenation reaction zone of a single-stage hydrogenation
process or in either the first or second stage of a two-stage
hydrogenation process.
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distillate hydrogenation .feedstock conponents. The higher nitrogen 30
distillate feedstocks are generally coker distillate and the catal ytic

cycl e oilwoozlemes di stillate feedstock conponents can havecratsat/oi3sd t r ogen
concentrations ranging as high as 2000 ppm but generally range from about
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25 Gener al | winglee finedt daghateaetonr caresslso usefprisen thee saneseot diffiersiti on
begins wi th c‘fiatafy":'stts'.I ' Wheld ARE %Qtﬂ%&eaér'en%iﬁe?@nt e a multi-bed fixed
bed reactor, the initial bed is generally for desulfurization and
denitrogenation, and subsequent beds are for dearomatization.

20 Since the hydrogenation reaction is generally exothermic,
interstage cooling, consisting of heat transfer devices between fixed
bed reactors or between catalyst beds in the same reactor shell, can
be employed. At least a portion of the heat generated from the
hydrogenation process can often be profitably recovered for use in

25 the hydrogenation process. Where this heat recovery option is not
available, cooling may be performed through cooling utilities such
as cooling water or air, or through use of a hydrogen quench stream
injected directly into the reactors. Two-stage processes can provide
reduced temperature exotherm per reactor shell and provide better

30 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.
Some of the recovered hydrogen can be recycled back to the
process while some of the hydrogen can be purged to external

35 systems such as plant or refinery fuel. The hydrogen purge rate is
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include 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.

20 Reaction temperatures below these ranges can result in less

effective hydrogenation. Excessively high temperatures can cause

the process to reach a thermodynamic aromatic reduction limit,

hydrocracking, catalyst deactivation, and increase energy costs.

Desulfurization, in accordance with the process of the present

25 invention, can be less effected by reaction zone temperature than

prior art processes, especially at feed sulfur levels below 500 ppm,

such as in the second-stage dearomatization zone of a two-stage
process.

The hydrogenation process typically operates at reaction zone

30 pressures ranging from about 400 psig to about 2000 psig, more
preferably from about 500 psig to about 1500 psig, and most
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

35 about 15,000 SCF/Bbl, and most preferably from about 3,000 to
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avail abl e, cooling may be perforned through cooling utilities such as
cooling water or air, or through use of a hydrogen quench stream injected
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0

Qperating c "OES 0 ‘be used in the hydrogenatlon process i ncl ude an
average reaction zone te erature of from about to about 450 C.,
preferably from abssiul 2xetatyst o beoGhe4 d:mél%ﬁ'lﬁ Uﬁ@@ﬁl% efCRBFI§Ef r 3m

about 275 Ccompahent c%abié tboalmﬁie Itl@@ulht@r SfatReRcH By drepee’ aityr &S
bel ow t hese ran es can result in cti ve dro tio cessively
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costs.
The catalyst support component typically comprises
mordenite and a refractory inorganic oxide such as silica. alumina,
or silica-alumina. The mordenite component is present in the
20 support in an amount ranging from about 10 percent by weight to
about 90 percent by weight, preferably from about 40 percent by
weight to about 85 percent by weight, and most preferably from
about 50 percent by weight to about 80 percent by weight for best
results. The refractory inorganic oxide, suitable for use in the
25 present invention, has a pore diameter ranging from about 50 to
about 200 Angstroms and more preferably from about 80 to about
150 Angstroms for best results. Mordenite, as synthesized, is
characterized by its silicon to aluminum ratio of about 5:1 and its
crystal structure.

30 Further reduction of such heteroaromatic sulfides from a
distillate petroleum fraction by hydrotreating would require that
the stream be subjected to very severe catalytic hydrogenation

order to convert these compounds into hydrocarbons and hydrogen
sulfide (H2S), Typically, the larger any hydrocarbon moiety is, the

35 more difficult it is to hydrogenate the sulfide. Therefore, the
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Desul furization, in accordance with the process of the present 25

I nvention, can be |ess effected by reaction zone tenperature than prior
art procewear/oemspeci ally at feed sulfur |evels bel ow 500 Poprmso2/eseh as in
t he second-stage dearomati zati on zone of a two-stage process. The

hydr ogenati on process typically operates at reaction zone 30 pressures
rangi ng fronesidoal 400rgang-swdiubout conmppdsy, nBEEMAIBE er aBISEIf r o about
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about 1200 psSig for best results. Hydrogen circulation rates generally
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and provide dimni s{n nﬁ mar H}al bengfits. .Ehe hyfiro natgi on process
typical ly opemavad of sultpf q‘?figH‘ rﬂ%ﬁ?ﬁogbé’e‘é gupPhC etegfpsgf) Yom about 0.2
hr-1 to about 10.0 hr-1, preferably fromabout 0.5 hr-1 to about 3.0 hr-1,

and nmost 10 pref er abDESGRIRTHDODUOF THE RREFERRIED EMBOIIMENTSf or  best
results. Excessively high space velocities will result in reduced overall

hydrogeqgti on. 3T WrdEAt 80 YBEe? JdARnlIHALARES e UpkeSehONifRIRISES 4
conponent capabl € t 0 enhance the incorfporation of .hydrogen I nto 15
mxture of @rgéenredcoasnaehdoft she hanuentipsr msardepistad hyahegaticadly f ide,

and a catal y\gGURIEPPrt Re t nowhets aFRGYRE supmftoﬁgum@neﬂébd;sy@épal |y
conprises nordenite and a refragtory inorganic X|ae such as silica.
alUni na. . oCOMPHISHIE, 4, MR Urerhal ASRARIc COTRBRPRASH STV, JZ0m, 1a{tial 20

support in Ppetpoleuni, tepiwally fhravimgbaugraltyerangnngbyromi gbout 010abaBRl 90
percent1gy i %kt])to’utprl% eraﬂ,ﬂ TR a%?uguﬁgta?ﬁfzﬁwt lpciixid form through
conduit 32 and into agitated oxidation reactor 110 for catalytic
oxygenation in the liquid phase with a gaseous source of dioxygen
(molecular oxygen), such as air or nitrogen enriched air. The
gaseous source of dioxygen is contacted with the organic feedstock
20 in a liquid reaction medium containing a soluble catalyst system
comprising at least one multi-valent and/or heavy metal. The
liquid reaction medium is maintained substantially free of halogen
and/or halogen-containing compounds. The oxygenation reaction is
conducted at temperatures in a range of from about 170° C to
25 about 210° C,and at pressures in a range from about 150 psi to
about 400 psi, preferably from about 150 psi to about 300 psi.

In the embodiment illustrated in FIGURE 1, a solution of

Co[CH3 COCH=C(O-)CH3]» is supplied to oxidation reactor 110

through conduit 148 to maintain a suitable amount of the catalyst

30 system in the reaction medium. Air is supplied to compressor 114

through conduit 116, and the compressed air is transferred into
oxidation reactor 110 through conduit 118.

Heat generated by the exothermic oxidation reaction may
cause a limited portion of the volatile organic compounds in
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wei ght to about 85 percent by weight, and nost preferably from about 50
percent by weight to about 80 percent by weight for best results. The

ref ract orwoionoéxyahi c oxi de, suitable for use in the 25 pres&rsor/onent i on,
has a pore dianeter ranging fromabout 50 to about 200 Angstronms and nore
preferably from about 80 to about 150 Angstronms for best results.
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desul furized m xture of organic conpounds can be acconplished by
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t hr ough condwt 0 a |tat XI dation reactor 110 for catalytic
oxygenai Pon drym gﬁi‘h&@ th gaseous source of dioxygen

(ol ecul ar oxygen), such as air or nitrogen enriched air. The gaseous
source of di OXygﬂepaamdltl&gnddpmmbnsrrﬁ'dregalﬁﬂuehtaamxmrle are supplied

to settling drum 140 from separation drum 130 through conduit
136. At least a portion of an immiscible aqueous phase is
separated by gravity from the other phase of the reaction mixture.

20 The immiscible aqueous phase contains catalyst metal, water of
reaction and acidic co-products, and may also contain oxidized
sulfur-containing and/or nitrogen-containing organic compounds
which are now soluble in the immiscible aqueous phase. While a
portion of the aqueous phase may be returned directly to oxidation

25 reactor 110, according to the embodiment illustrated in FIGURE 1,
the aqueous phase is withdrawn from settling drum 140 through
conduit 142 and transferred into catalyst recovery drum 144
which contains a bed of solid sorbent to separate undesired
materials from the catalyst system. Preferably a system of two or

30 more catalyst recovery drums containing solid sorbent, configured
for parallel flow, is used to allow continuous operation while one
bed of sorbent is regenerated or replaced. Effluent from catalyst
recovery drum 144 is returned to oxidation reactor 110 through
conduit 146.
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20 in a liquid reaction medi umcontaining a soluble catal yst system
conprising at |east one nulti-valent and/or heavy netal. The Iliquid

reacti on wedeeemos maintained substantially free of hal ogeaT/usozidcH4

hal ogen- cont ai ni ng conpounds. The oxygenation reaction is conducted at
tenperatures in a range of fromabout 170 C to 25 about 210 C_ and at
pressures in a r&hge sferpraura&td)ut)rgﬁGlesphasae @tﬁomhe4(ﬁfﬂpmn,t pmexurrabl ys f rom

about 150 RE 1,
2ol ut ton” SypPEed i B ERle (deuhy'g 467 gﬁ'“ﬁm '“‘i  Efidctdt reacgtdor 110
through conthrioughvscendwigi At n aPT ﬁf%iﬂlye uﬁ‘@s’cﬂn tﬁ ‘é’éttr&%%t B80syst em

|hhe reach dighButAX oS Ilsedtnébr@%me% 116f 1 dui t
116, and th &ﬂd@?esse ta|2; t|bs a?%glﬁsf rre %g'es gupdaigein

%) q H\l on r.eact or %{'L

t hr ough Ton8¥iraCog. éltueﬁélﬁe?‘é 1_un p)1Gag Oé‘ﬁ & i 19nox(i’rd8ﬂ?ecfn Sroé‘é S on
ggy%ggg;epacl}d;mg%ézlfgbmt¢ btlé ttbe nanitealutlte @mghoirc manpeendgidic 6@- WO

action v 0

ef fluent coRIQFHFg Olaf! Wvé?)ogeéj@gé@ S%nggﬁr@(gﬁ%ouﬁgif {gg’fr{)eﬁg%%edes
3@ trogen fil&®6 ttiroaigh cbadgﬁdlﬁdtlﬁ}a;ygeIMBdomehaﬁt lzs)traamdetrmde tony

i oxygen pa

di oxygen pagghRigHop stPdistordre 6 éugs cqg! &' fld: bRIA; gt aceRfy er

into overhe oCck- out rou dU|t arated-liquid
i s ret uthedthougl ¢onidoit 9act or 110 through conduit 126. Gas is vented
fromdrum 120, through <conduit 12 8, to a vent gas treatnment unit or to

flare (not Shownln &Rt Qb Béfﬂeme@bnmmﬁﬂcmumghent;rraseﬂd oneasicnd swilkt ur e
conpounds. ABOBISToPTEESEAoASP St SRR L Vann ois. AEBRTER  EhethaRially,
agi t at ed oximlaFIGUREeAct d%efbmnghrmmghtmﬂﬂiUREB,Z aarsdlhsmmtlalslypdnqmcbn
o™ mo , natiSany SBR TRIdl D Yi ittty (ROR ' ALY x&icreoqueaéﬁéfééh drum

130 into t er over drum I condul t~ 134.

Separ at £2 | thwoughhocendiis dd (RO c¢atalEie Fﬁ@&tQFe EPRY MIZIUES | j ng

drum 140 ff%h%ﬁmgltdm@d%geh1(3xﬁollémﬂugmmafgm) isl8@pphed! eastatalytdct i on
of - an imm scible
teactor 20 from R storage or a refinery source 16 through conduit
18. Catalytic reactor 20 contains one or more fixed bed of the
same or different catalyst which have a hydrogenation-promoting

20 action for desulfurization, denitrogenation, and dearomatization of

middle distillates. The reactor maybe operated in upflow,
downflow, or counter-current flow of the liquid and gases through
the bed.

One or more beds of catalyst and subsequent distillation

25 operate together as an integrated hydrotreating and fractionation

system. This fractionation system separates unreacted dihydrogen,

hydrogen sulfidle and other non-condensable products of

hydrogenation from the effluent stream and the resulting liquid

mixture of condensable compounds is fractionated into a low-

30 Dboiling fraction containing a minor amount of remaining sulfur and

a high-boiling fraction containing a major amount of remaining
sulfur.

Mixed effluents from catalytic reactor 20 are transferred into
separation drum 24 through conduit 22. Unreacted dihydrogen,
35 hydrogen sulfide and other non-condensed compounds flow from
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separated by gravity fromthe other phase of the reaction m xture. 20 The

I mm sci bl e aqueous phase contains catalyst netal, water of reaction. and
aci di ¢ cowproedex®e2s, and may al so contain oxidized sulfurfcontsar/missg and/ or
ni trogen-containi ng organi c conpounds Wwhich are now soluble in the

I mm sci bl e aqueous phase. Wiile a portion of the aqueous phase nmay be

rfltur?edt dhrse htatidbR @*uﬁﬁ:mn té’5h5@ﬁ6§ﬁﬂ Jré@ovag::oudotngsltmvtmetlﬁqmgt rrgnt

| ustrate | e ague Se. IS W ra m se n rum
140"t hr ough coa@lﬁausui 5, 4oAATSSRISITY r oAl F o B HORIORE B dhE v ST hpehed 46

whi ch cont aihyalregeadnofy el re:tysxbecﬂ)ettmt catalpepaneacton Xk sprevidedatariealss from
th tal yst f Lyt

(he ot yst, AL o SRl ST, 14, Sepho Y TiERAOR!

used to allow continuous oper at|on Whl I e one bed of sor bgnt S regener at ed
or replaged. EffIHpgdtogenaiedatlquids flavodey eparauen; sdrumyr Add 1040

oxidation r %Hﬁu%ﬁocb H93‘0 ﬂﬁ'&b‘ﬂtlg'ht céﬂﬁu1t3Q6V\0 086 2D claqttetpt%@bwls%
The separate organic p se 0 | uent xture js ulpg fllefrom
settling dr WAPQI® tigoIm g 6bl Iq’%w(ﬁ- e9<(tll=1 roeiS@ret htrrét}éﬁetf Saufhraush

PLef er abl yl dvgheadi Q:@o@ér GMDler@'t Q‘geéﬁ@ ofreotidiass abdutand 42 alhadt iRto
theoretical sta u I qui cti Aq us, dj

bi car bonat e FGT gFlag d(ﬂl?rb 3'6 ‘sol u%?%&xatcthg ggge‘cbaséeﬁ(gapa ﬁ b§@33399a| i ze
and/ or nerm\oe)mpodnds c&o“prfrduttevefhcﬁd ddrumon,4 6 sta ugisposal t o efunthetor
150 rom Souehvely fn ngom& gh! Scdnd Y apgat ed O pgién | of the

transferred rom extract ora? 8 gdrechgtoafuel é_ndlng
facility 1CQmiensgd ObEMUCT COMPQUN table piqr; Lol s AELRed QR esent
i nvention, sjvérheadnadtien Pt &f e r edlaane@ 0 otht begh ncendudn 48 .de @) ierd

hemat | in Fl 2. f i t
aud  strdartismeeidhe GralEhiire.af RNeRiBIT Rerelch 1 B‘Pis*fé‘karged
15 throd§h ciruni t4 6.4 to nseparatioyt |dIumsaat4)raad/01A geansdesred xitar ether
cont ai ni ng Cperf}’xfiér ‘ﬁ@e§ qﬂbe%woa?nﬂydr ogen) is supplied to catalytic

reactor 20 fromsStorage "or ery source 16 through conduit

The low-boiling fraction having the minor amount of sulfur-
containing organic compounds is withdrawn from near the top of
column 30. It should be apparent that this low-boiling fraction

20 from the catalytic hydrogenation is a valuable product in itself.
Beneficially, all or a portion of the low-boiling fraction in
substantially liquid form is transferred through conduit 32 and into
an oxidation process unit 90 for catalytic oxidation in the liquid
phase with a gaseous source of dioxygen, such as air or oxygen

25 enriched air, for example as shown in FIGURE 1. A stream
containing oxygenated organic compounds is subsequently
separated to recover, for example, a fuel or a blending component
of fuel and transferred to fuel blending facility 100 through
conduit 92. The stream can alternatively be utilized as a source of

30 feed stock for chemical manufacturing.

A portion of the high-boiling liquid at the bottom of column
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.
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18. Catalytic reactor 20 contains one or nore fixed bed of the same or
different catal yst which have a hydrogenati on-pronoting 20 action for
desul f ur iwetoeoéz92sleni t r ogenati on, and dearonatizati on of POITA$bE01394
distillates. The reactor nmaybe operated in upflow, downflow, or
counter-current flow of the liquid and gases through the bed. One or nore
beds of catal yst From shbskoment of solumat 3dh ammihepeparieonogéither haghan

i nt egrated rotreati.ng -fragti t} | [ tol
Syst am sepabtinee , FEREY ST Gl RRLARE" S raar B ile oGt (AAer
non- condens goheaininguctgani¢ CoOMpovgdaats sHPPhEh ﬂﬁé)?@ﬂﬁll@@ntfe%éfrt@ﬁh tdd the
resulting | !o‘i'i'ﬁ?tioﬁri S ¢o qﬁpg@@ﬁa&rmlﬁ@rmgunds is fractionated into a
9

I 0\(1\/_ Sg Eoi : in fract i'on containing a mnor anount of renaining sulfur and
a high-boiling fraction,. confaining a nmajor a nt .of remainin sul.f ur .

M xed ef$l uents fAlbrh“HE!Sé%lgtq d)q}aégcflb“rqﬁgﬂl%ragor‘?%ﬁspgarcgglCi DA E_H4APEL i on
d[ﬁm 24 thr(mggr Hid p%&acid%][, eiacstlgﬁbldédhyd)’ oxedatioBSrdagtonge tutdugle and
ot her non-cande! s flo / Q6 2], 4
Cupe ko HORTSE $0OM SRl MR R SRR,
Advant ageoushgintaiiedr sabstantiaty offrepe ofincatalyte asftvogBittatsy de {@Eycl ed
to catal yti %g'iﬁ/%mrﬁéta@cocg% e dc@hpb@dds afdPUHdedn @nditiendydinadie

sul fi de has been separated therefrom 5 rogenat.ed |iquids flow f,r,om
separ at 16n dpunmoxadatien, ofi O I%i@r‘i’rﬁo%%go ?‘HSBB‘&?%GHHU& 3Rd/Bhses

and ﬁongensqﬁt@gfgﬁp@h@aihﬁ@@ tdj@atrﬁ)g afompbumds 30 Sariettly antifeer ozodathonugh
over head cool er nean o) , ' d
46. Separ at d§agHe0 Ogﬁ%l rﬂgwiggr&%‘gné}egé @e?é}%}é&l}nﬁé 3 Iq-g\f/!/g? Péﬁﬁ)@é?ég?@qdr lrjlrjnm
46 to di S]E)os&(]" G tbuabmetr 1258cEyend ph@ressanas) inn gagigec diaami abaut hS

( . ) ) :
portion of 116 ocondensed BLOATCEAIRORRSIA SHoUERIsepEPto PDLKXISG il ur ned

from overh rum46 to €o ough condui t O her portions of
the conggnsate af@i@weﬁéa%wd ¥nDaere! fon reEceyeré@ad supplietn #6 dram
separation d6rhjr?thgugEdégrrldltnrtagif.er/{te?ea}s? 8 tphoer{ion of the immiscible phase
is separated by gravity from the other phase of the reaction
mixture. While a portion of the immiscible phase may be returned
directly to reactor 60, according to the embodiment illustrated in
20 FIGURE 1 the phase is withdrawn from drum 64 through conduit

66 and transferred into separation unit 80.

The immiscible phase contains water of reaction, carboxylic
acids, and oxidized sulfur-containing and/or nitrogen-containing
organic compounds which are now soluble in the immiscible phase.

25 Acetic acid and excess water are separated from high-boiling
sulfur-containing and/or nitrogen-containing organic compounds as
by distillation. Recovered acetic acid is returned to oxidation
reactor 60 through conduit 82 and manifold §0. Hydrogen
peroxide is supplied to manifold 50 from storage 52 through

30 conduit 54. As needed, makeup acetic acid solution is supplied to
manifold 50 from storage 56, or another source of aqueous acetic
acid, through conduit 58. Excess water is withdrawn from
separation unit 80 and transferred through conduit 86 to disposal
(not shown). At least a portion of the oxidized high-boiling sulfur-

35 containing and/or nitrogen-containing organic compounds are
transferred through conduit 84 and into catalytic reactor 20.
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refinery uses (not shown). The lowboiling fraction having the m nor anount
of sul fur- containing organic conpounds is withdrawn fromnear the top of
col utm 30woloz/oedesil d be apparent that this | ow boiling fractiusn2/@69romthe
catal ytic hydrogenation is a valuable product in itself. Beneficially, all
or a portion of the | ow boili nIgll fraction in substantially liquid formis
transferred throddie sepauited3phasel ofrthe reactinn datxtane pfiodesarumi 6400s or

catal ytic O)éhﬁf“ je@n tbnggﬁ%ll Vgukgfampgﬁxsgomﬁll@ gggasv@g@]sqqr ceorithirgli oxygen,

such as air ric s shown in FIGJIRE 1. A

stream conbgdni gSle gétﬁ’&B@ﬂt oM g]llceé‘gﬁﬂé gi? §b’gUBset8uerﬁfW FAF at ed
to recover, aoPXatRbe: pataf ugbmoundy, erel obxatompeodnt: @dnthuahlgaﬂéss

transferred to,.fuel Ienlngf |I|ty 100 nduj t st.ream
can alte? natsp&é! /8 1gsedit §)g§ns %‘F Oflégaf;té)ep% % P fo0 lgﬁgﬁ’lncal
manuf act ur i fI"Q‘odAcDQSttr@nnsﬁd‘rredilefﬂmmghvdmel i TG td dueld b:hendlmg Hactdyn 410 kol umm
30 is transf t t t geai®m obfvapor
fromreboi l éﬁ{é%&? 8?@&€rne?rtgﬁr(§1€ %&atﬁgﬁﬂggoleﬁnﬁoggﬁ%nﬁr gugﬁ CQndEI)Ift 35.
35 WD 02/ 062925 OPGTOUSOaTIG arpyshelhe0b§Woo O oMAI| GARCIOHS aﬁ@’é‘??éfmib%rt i on
of the hi ghsofig! 'é&%érﬂtqu'dé)nfffglﬁ‘eﬂonf&ﬂvpﬁlﬂllléle flaiWQ’ @mawyd ofo t agloswl fur -
cont ai ni ng organi c conpound d’ﬁﬁﬂg pl i edbaa >{,| dat.i o feedst ocl§ L

oxi dat i 89 r MBI t Qf@b‘l‘?nc t OB DEAAQ |§t?ﬁbs€@| bR I5EEdETA &4 ufifng at
| east per acebpq:a@@d,d and/or other organic peracids, is supplied to

oxi dation reactor 60 through manifold 50. The liquid reaction mxture in

oxi dation react or 16dQ1slp§) Eﬂféﬂt aj sméﬁa y tfléeee fvn“(ﬁhﬁ ﬁ}l caggt ive

nmet al s and/ or | Ve con

s and

suitable 10 tf@IﬂSleTdét ifspmofb l@ﬁél@g I@ty)f thiqug c%ﬁ’t“i rlgd nasbor

ni trogen- cony éfdge'"%n%/aﬁnélﬁg?ﬂ@%@@sshoﬁvh? abI y the oxidation reactor 60
1N

i s maintained at” tenperatur a range ot fromabout 80 C to about 125
o cf orabPy 11 om dBoutiets 5o e Epturossgnfl; adVantaed 8 prLASEs in
accordance with this invention using selected organic peracids in a
liquid phase reaction mixture maintained substantially free of
catalytic active metals and/or active metal-containing compounds
to preferentially oxidize compounds in which a sulfur atom is
20 sterically hindered rather than aromatic hydrocarbons, as
compared to known desulfurization systems previously used, the
following examples are given. The following examples are
illustrative and are not meant to be limiting.

GENERAL

25 Oxygenation of a hydrocarbon product was determined by the
difference between the high precision carbon and hydrogen
analysis of the feed and product. '

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

30 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
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15 Liquid reaction mxture fromreactor 60 is supplied to drum 64 through
conduit 62. At least a portion of the imm scible phase is separated by
gravity fwormewnbm2dt her phase of the reaction mxture. WhiPCe/usoperbi on of
the imm sci bl e phase nay be returned directly to reactor 60, according to
the enbodinent illustrated in 20 FIGURE 1 the phase is w thdrawn from drum
64 through afngbout 160 pint nehitherwas idensi feebaasatiysirotréatedo.distidlate

i mm sci bl e e i t gt .of . f.e 1 carbaxyly: c: LAS ;i@

oxi di zed suﬁfh’ﬁf- c%%@é%ngﬁ%ﬂl%ﬁ ral?ge(r)l‘?%son ati %nglﬁélrlgggﬂcl%ﬁngg%ds
whi ch are ndwactodud| which t weremeoblectad Bhdsmperatnees i aceRidngndoekhess
wat er are S%ﬁ'b%iﬁg §&1p8adyegh-boi ling sul fur-containing and/ or

ni trogen-contai ning organi c conpounds as by distillation. Recovered acetic
acid is returned to oxidation. reacior 60 hrougag condght 82 and manifol d
50. HydrS8gen peroxide is suppf#€d®fo manifGNRC uf?som&’d;t orage 52 through
30 conduit 54. As needed, nakeup acetic acid O{ﬂuti is supplied to

mani fold 50 from storage 56, or lanot her sour &8¢ wa%ék\ous acetic acid,
through conduit 58. Excess waterpis w thdrawmdegomn, 3ggparation unit 80 and
transferred through conduit 86 to disposal (not shown). At |east a portion
of the oxidized high-boiling sul¥ur 35 contaiZ8&g tandll@r

ni t rogen-contai ning organi ¢ conppunds are tr %sfer%gg t hrough conduit 84
and into catalytic reactor 20. WO 02/ 0629 BEF/ 2/ 01394 The separ at ed
phase of the reaction m xture fromdrum64 is supplied to vessel 70

t hr ough 1gondui t 68nalesss ebf 7Ry dootreated a distedated $50 i @vsor st rahgeh of

hibits thegapidi t ' i1di h :

ohtain o oo istltarion dcBoRE B°Wwn MAbeOf 1ah ROLSIdAREDMMDIhis®

f eedst ock tanveatox datfraction Peoldactedi delovinshetemparasnre e¥sdhe7ganger el

bl'endi ng facfhid Yag@iit J6pogRocapeit 3002 Er l‘?{saz‘i%drdtﬁeéﬂéids &iseaticeent a
aa

systemof two or more rgtactors a system of t Br re reaca/ors cgﬁiai ni ng
sol i d sor bent30 curpi gusalfuroleass, M PRPARAIPALICIHCls dHaG0R | ABG 0 SHSHIG nuous

operati g Whijtle fhSRbmMAtieoIdentfracgtiéegenerated or  repl aced.
Table I

ANALYSIS OF DISTILLATION FRACTIONS OF
20 HYDROTREATED DISTILLATE 150

Fraction Number

Item 1 2 3 4 - | Total
Weight, % 45 21 19 16 100
25 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 5.4 5.6 3.1
Tri-Ar, % 0 0 0 0.8 0.1

30 Mono-Ar is mono-aromatics. Di-Ar is di-aromatics. Tri-Ar 1s tri-
aromatics.
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Transportation fuels friendly to the environment are transferred from

bl ending facility 100 through conduit 102 to storage and/or shipping (not
shown) . NMsoOloros29ew of the features and advant ages of procesTaso2/on3o4
accordance with this invention using selected organic peracids ina liquid
phase reaction m xture maintained substantially free of catalytic active
nmetal s and/ or active netal -containing conpounds to preferentially oxidize
conpounds in which a sul fur atomis E2SAMBLEc2I |y hindered rather than
aromati ¢ hydrocarbons, as conpared to known desul furization systens

previously used, jhhpisf CE)Ja‘?l‘i‘?r&J SXRTU & 3d1§t19!a‘f@nc0fmﬁnf |§l\i\lfﬁ9 axagpl es

are |IIustrat|vea g ot neant ho |mt|na ) a?)ﬁnation
of a hydrocd?b@noﬁ sPRIBt ¥Yasi ¥9r9§fret*ﬁ§d 4 fIFEr%‘P\I& )(S)éFV\éBh & high
preci si on capbero @gﬁdesﬁlﬁ&h&&dsdtﬁtllﬂ&te terthiant pudfircat a level

Oxygenat Lon, nt e g cent
C + per cént qﬁa‘*@%ﬁt ;}é.gp‘%’? WL ARG RRY, B S Bl %lﬁ?ﬂﬁfé“exanpl e
a refinery distillate containing sulfur at. a, level of aboyt 500 ppm

hydr ot r eat ed undeAnalysts t pbnBydiptrgated tdsphlagecd Shyeyede fﬂ@lil%do
distillate Cd%@ﬁﬂ'awcﬂﬂ cﬁv'ﬁdiﬁtsatls @hbwfﬁlm "ﬁabl\éolpwl%aeaérmeus&moaﬁ% of
about 130 pp whi ch enti drotreated distill. at%

Hydr ot r eat edn?!ie§f1|qq aqwgfsrgg@owaézoil@pteg‘i la(%ig{zv | # HSTBRETHUS St dir h?réEPgSns
whi ch were cfpbheabeut 2260%€ M es aboue s30T «.diphigs tloydretreatdd adishiglasehdful e.

Above. 318 100Hhghy SHTGE ey, BB it ?ﬁ?orféac’%ﬁﬁ?oséﬁ Aisuliict

distillati ormonbapom&tscdeanhﬁ\mtnom Table I. In accordance with this
Table 1I
15 | ANALYSIS OF DISTILLATION FRACTIONS OF

HYDROTREATED DISTILLATE 15

Fraction Number

Item 1 2 3 4 Total
20 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 .74 5.6 4.0
Tri-Ar, % 0 0 0 1.4 0.2
25
Mono-Ar is mono-aromatics. Di-Ar is di-aromatics. Tri-Ar is tri-
aromatics.
EXAMPLE 3
30 This example describes a catalytic oxygenation according to

the invention of a hydrotreated refinery distillate identified as S-
25. A stirred reactor, having a nominal volume of 5 gallons and
built of titanium, was charged with 18 Ibs of S-25 and 18.81 grams
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I nvention a fraction collected below a tenperature in the range from about
260 C. to about 300 C. splits hydrotreated distillate 150 into a

sul fur - | ean,02/06e2%e®mr omati c-rich fraction and a sul fur- 15 PCThiS02/01394
nonoaromati c-lean fraction. Table I ANALYSIS OF DI STI LLATI ON FRACTI ONS OF
20 HYDROTREATED DI STI LLATE 150 Fraction Nunber ltem1l 2 3 4 Total = Wi ght,
% 45 21 19 06 cobalt(PH sgetylaceppmatel hy drate AA K patalegongr 34404-9. 26. 3

15.6 14.0 2§fich RorYaindd 0235 Q)e'icénf3 t@?weﬂghtTE:bbﬂlt) %HISOPQOO}&@ a 30

Mono-Ar is no ar.o tlcs

%8 Vo 02/ 0680D8I DAY axes) indlonaesAneitats PRREkiEaupn 023, peredho By
distillate eaighi nimghsuhfydroateated edistillate,abmut5Z00ppmm oelbsalhy dr otlreeat ed
under condi ?kﬁ}n@ tsw table to produce a hydrodesul furized distillate

cont ai ni 0Pt a 1 evel 5 of about 15 ppm which was identified as

hydrotreated distillate 15. %/S|s hydr ot r ate distillate 15 oyer
the range of di diel reasten ¥ias g& it $¢3l6d s HOMRES | ULFO29N, g5 AHhnce

with this ??&@dﬂrh@éﬁatd‘ naot i @ig coThecigdatieh o eedewlasrat')Or inn tHeat ange
from about

a sul fur-| e3fS ﬁﬁﬂhﬁpoﬁ%%g ayﬁ Pfﬁh%f%%%ﬁ%oé{%eﬁt‘ﬁ%q -r|ei¢.‘%l%t fiehtetd 'O

nonoar omat i ¢a loxder ftoaptéleat Teblreactorl5ompentyYIcS12B° MI.STI LLATI ON FRACTI ONS
OF HYDROTREATED DI STI LLATE 15 Fraction Nunber Item1 2 3 4 Total 20

Vei ght’10/053 16 Eyerk?dn of the reactor contents was initiated by
introducing an oxygen-containing gas stream (about 8 percent
molecular oxygen and 92 percent by molecular nitrogen volume) at
an initial flow rate of 50 scfh into the bottom of the reactor
underneath the bottom impeller of the agitator. This caused the

15 liquid level within the reactor to rise as the gas became dispersed
throughout the liquid. The gas leaving the top of the liquid level
was mostly disengaged from the liquid within the upper portion of
the reactor and flowed downstream through a water-cooled
overhead condenser, through a gas-liquid separator (knock-out

20 tank) and through a pressure-regulating control valve. A portion of
this vent gas stream passed through several on-line analyzers
which continuously monitored the concentrations of oxygen, carbon
monoxide and carbon dioxide in the vent gas during the course of
the batch oxygenation. Any liquid which was entrained with the

25 gas stream leaving the oxygenation reactor was collected in the gas-
liquid separator and continuously pumped back into the top of
oxidation reactor via a gear pump.

Gas pressure in the oxygenation reactor was automatically
controlled via a feedback control loop which adjusted a pressure-

30 regulating control valve to achieve the desired reactor pressure.
Temperature in the reactor was controlled via a controlled flow of
distilled water through a cooling coil located in the lower portion of

the oxygenation reactor. Flow of distilled water was controlled by
manually adjusting a micro-metering valve upstream of the cooling

35 coil. The cooling coil was operated at atmospheric pressure so that
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Sul fur, ppm1 2 13 80 12.3 Mmno-Ar, %35.8 20.9 14.8 12.0 5.6 D -Ar, %
1.38.07.45.64.0 Tri-Ar, %000 1.4 0.2 25 Mno-Ar is nono-aronmatics.
D-Ar is wDoamneyaiics. Tri-Ar is tri- aromatics. EXAMPLE 2C3W@Sotriosoexanpl e
describes a catalytic oxygenation according to the invention of a
hydrotreated refinery * distillate identified as S- 25. A stirred reactor,
havi ng a notheatdistdledre vodtes gaitenimg athe  booling ofcotli tfhashed tmsstdamged

with 18 | bs 1 02 P HRQ2/ 94
cobal t (1) ggéertey acetonYll gﬁ ﬂte ?Xﬁgr?@?e cgggﬁ?&?nogg4 461%5% \ I ch
cont ai ned 2¥apoTigati®dntoly y"ﬂﬂéfght T heopxyEFN ‘Fﬁﬂé‘zeﬁﬂf (i diNg the oMENt ( &8S
acetyl acet ogge@nhy Gy ec@m@ﬂ@ar dby odpistdn@3 ther cRow btslatewed)@f’tbxi ehhe

hydr ot r eat eddstlllate th d I
react or tadné%%l%%f cﬂiﬁrégﬁ \%?et howgéwéangﬁ%céﬁﬁ '3&15 i@\fzr t8f100
psig. The agxygt-,neoonmnmg/vagasm@asr pneasieead wes appasediow thetaraldnsd of

t he reactor cg?b@'o?&ﬁyl&yge%t&h&&e%ﬁ; rel n order to preheat the reactor

contents to nati on of actor contents was initiated by

I nt roduci ng an oxy -contai njng gas .stream (about pegcent . nol ecul ar
oxygen and 92 pe ‘ﬁft the mpigiiio of t%&?“&‘&loﬁne)tgﬁt ﬁ‘é\‘{ i O t PRYEEPow

rate of 50 gehthinih éi@ was t slowdly tihereasedt Qars thedegaadmh tédrapoutore
%’

ehctor 100 Peeanato st i) ”S?Qtﬁte?(?eé’ verfosgmsiiiigh) Pﬁﬁﬁe&@%?he gas

| eavi ng t he Afbver of0 trhmuteq,ulthel mmﬂtlomvatsmpetatylrdu seacheddabowm ke 1G.quid

Wi thin the WARCTHOL| AaObard Nead RS SEarTich! ABerounsicesud hroub, 2

wat er - cool e ndénser sep ara knock- out
20 tank) andenbr gagh aAfiess 0 emingiesat teﬂqtrcm D%In@@faﬂlfﬁ‘orf%ﬁh%d

this vent g3gontrp4P RESPRE hIERUELE Quee af 375! 6@ anal ¥BT percent by
15 volume oxygen in the vent gas. After 26 minutes, the reaction
temperature was about 141° C.with a gas feed rate of 423 scth and

1.36 percent by volume oxygen in the vent gas.

After 36 minutes, the batch reaction was ended by stopping
the flow of oxygen-containing gas and purging the reactor with
20 flowing nitrogen. As the reaction temperature decreased, the flow
of distilled water to the cooling coil was stopped. The reactor was
then depressurized and the contents of the reactor was emptied
into a 5 gallon container. The product consisted of two layers of
liquid with the bulk layer occupying approximately 95 percent of

25 the total liquid volume.

Portions of the untreated bulk layer, identified as GS-25, were
withdrawn for cetane rating and other analyses. Analyses of GS-25
determined an oxygenation level of 2.75 percent, a sulfur level of
10 ppm, a nitrogen level of 7 ppm, and a total acid number of 10.7

30 mg KOH/g. The cetane rating of GS-25 was determined to be 59.9,
however the cetane rating engine ran roughly. The cetane rating of
the un-oxygenated distillate S-25 was 49.9.
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whi ch continuously nonitored the concentrations of oxygen, carbon nonoxide
and carbon dioxide in the vent gas during the course of the batch

oxygenat iwp.02486923 i qui d which was entrained with the 25 gasTdatSopersvd eavi ng
t he oxygenation reactor was collected in the gas- |iquid separator and
conti nuously punped back into the top of oxidation reactor via a gear

punp. Gas pressure in the oxygenation reactor was automatically controlled
via a feedback control |oop which a@iXIAMBLE #ressure- 30 regul ating
control valve to achieve the desired reactor pressure. Tenperature in the

reactor was contrgll e&a‘f{lﬁl@ (ﬁg@}{ ?)?)gﬁl(g&g:g% atfost tidaemh gt &ff ERLoYgh a

cooling coil |ocated e oxyPl at1Qn reactor. Flow
of distilledsirg eaqua@u&oﬁpdmmecblsyr MBRGal $SIuHGNSY H%g‘ aafdled o GetaBE| ng

val ve upstreamef ‘Ah?)o?ﬁ@'nl @S35 coff IExahiglec ®lwayg geatedaswidpeagtiedust
at nosphe r,essure

wat er en%la(r:l E?& {ige b&f)s%%%goﬁélouﬁ/%%gé{oa %9%%@5%/ U&aéégégglle%@yﬁbghégl °d
from the redct imoledulanrsieve,aante filtexpdr i Zaliesad ofnatarial . Wase subygaited

concentrati g, | Befaie “afingdosnd S GHEEM AASySEN! T Ohlrfalyfus a6F Uthel Nitelped | ow
rate of oxygen conta gas entering e oxygenation r ‘Wior jhg fl ow
rate of OXW—O@OI‘Q%IWIK a¥er wasterREIfGdan; HXy geRation OEF t &f 7

control | ed \Yedcénf,! 86l i rlevelvaulfvﬁ ppifil & mm)gem tleqél @t Of ppiy/gandt aon,
t he fIO\évgof 8X gg(g- ﬁgﬂibaérnb?ég wg&pﬁég i}éel g:%rteased as %)Efe%eacélslton
t enperatHre a n ti B
Ingrfﬁsed A}fé@t(rjedwtumk rllasregowa@etlerteantmed t@rhfﬂe6219&;rl£ﬁ1tr fhgma?ﬁom“ﬁgtl C.
an e gas feed rate was xygen detected in the ven
gas. After fé‘gﬁpﬁ&a@svemesmggﬁﬁyoﬁwéﬁpggﬁure reached about 142 C. with
a gas feed rate of 375 scfh and O. 87 er cent by 15 vol une oxygen in the

vent gas. After 26 minutes, the readt L&mperature was about 141 C. with
a gas feed rate of 423 scfh and 1.36 percent by vol ume oxygen in the vent

gas. After 36 m 'T‘l%ﬂ?otrteﬁ?ecpatr%ﬁrfe? Ctdfk@lllfﬁé 9952351 asst pRRIfienclhebyl ow
of oxygen co % as and 8 qJ ?(r act or, th
cﬂstl latlo to provide 1ee stoc or catalytlc oxygenation using
soluble organic compounds containing a cobalt(II) salt.  The
fraction collected below temperatures of about 288° C.was a sulfur-
lean, mono-aromatic-rich  fraction identified as S-25-B288.
Analyses of S-25-B288 determined a sulfur content of 10 ppm, a
20 nitrogen content of 5 ppm, and 87.01 percent carbon, 12.98 percent

hydrogen with aromatic carbon of 16.5 percent.

A 300 mL Parr pressure reactor bottom was charged with
S-25-B288 and cobalt(II) bis-acetylacetonate hydrate to provide a
cobalt concentration of 750 ppm. The reactor was sealed, flushed

25 and filled with nitrogen at 100 psig. Contents of the reactor was
heated with agitation to a set point temperature of about 135° C
After short period at temperature, the nitrogen flow was replaced
by a gaseous mixture of 8 percent molecular oxygen in nitrogen at a
rate of 7 scfh. '

30 At the end of a 34 minute period of reaction, the flow of the
gaseous mixture (8 percent molecular oxygen in nitrogen) was
replaced with nitrogen. After the reactor cooled the system was
depressured, unsealed, and the oxygenated was identified as GS-
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20 flowi ng nitrogen. As the reaction tenperature decreased, the flow of
distilled water to the cooling coil was stopped. The reactor was then
depr essurwoedoexes t he contents of the reactor was enpti edpCcirntsez/@3d gal | on
contai ner. The product consisted of two layers of liquid with the bul k

| ayer occupying approximately 95 percent of 25 the total |iquid volune.
Porti ons of 215hB2|88t r atsamplel lof] expegenatgdnminituse a6 ScBIA328emwas wiriddir awn

for cetane er%qﬂggwrz hehdald! ¥gHate Iﬁﬁﬁgxlﬂ% dGS-25 determined an

oxygenati on Iev 5 percent, a su 10 ppm a nitrogen

I | of 7 d t ot | 7 3 h t
rating of coos delisterdh oy S BnEess f3L efm/&e"?iﬁéeee TG
engi ne ran Congéﬂotyoth epagt aa/earsul[fug refduction wf 88 ypercened cﬁiysgedﬂdtamnebs- 25
was M2

post - oxy%enéf\g% [fé ggﬁﬁ’e%gqt@?%‘g&ﬁ@ﬁﬁq%?ﬁ r:Isl;gdl um 51 caeroﬁZf:al =

sol ution which added cetane val ue. ort I on GS-25 of Exanple 3 was
treated with aqueous 5 sodi um bi car LEIOtion, water washed, dried
over anhydrous 3A nol ecul ar sieve, and f| I tered. Filtered material was

submtted for C@O@-rmﬁfé)dm Rnahet hergalten msufeafmarotvashehhr edied

O Fur 1 evelig & detﬁf&'} 33 ﬁ%%?g%?g@ ShRaED Sergrees F‘a?"?@cﬁerﬁﬁ
nunber of 2sprity lléq#gwdléhea cebalte coacentrasfon ho 750s tppmr eddxyig¢ndtkonayer
ot T as S RAPL "ues M EXAfiph” 5 WcceBl | it AROLAAGY pIdd WRST Y
partiti onedenyended ditgt 3P amigrieso pAnalyses e@ﬁs@b}t&eﬁaﬁﬁ ca$'82§l13388 1
oxygenat i on jyghigie dsomgs 253088 poaeamﬂ QN b i%%éha‘%ﬁh?' ol ) 18al t.

The fractlon co ect ture abo C. was a sul fur-

| ean, nono- Mﬁﬁ@ﬁ,caﬁ (:Eh'“?tla ‘SRP ] ﬁfl@ 3a§ng; Anal yses of
S-25-B288 determ ned a sul fur content of 10 ppm a 20 nitrogen content of 5
ppm and 87.01 pdrgenproveduee, of2198 merameple was repeated 10 times to

15 obtain by blending a supply of oxygenated product for post-
treatment testing. The blend of GS-25-B288-X, numbered 1 to 10
was identified as BGS-25-B288. Each oxidation product GS-25-
B288-X consisted of two layers. The top (bulk) layer was decanted
from the lower layer, and the top layer used in post-oxidation

20 treatments.

A 4 liter Erlenmeyer flask outfitted with a large magnetic
stirring bar was charged with 1 liter of GS-25-B288-X oxidation
product. The magnetic stirrer was started and approximately 500
mL of saturated aqueous sodium bicarbonate was carefully added

25 to the flask. Once all of the aqueous base was added, the stirrer

' was turned up to the maximum rate and the mixture of immiscible

phases was permitted to agitate for approximately 20 minutes. At

that point, the agitation was ceased, and the mixture was poured

~ into a 2 liter separatory funnel where the two immiscible phases
30 were permitted to separate.

The bottom, aqueous layer was removed and discarded.
Treatment with fresh aqueous sodium bicarbonate was repeated as
necessary to reduce the level of acidic co-products. This extracted
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hydrogen with aromatic carbon of 16.5 percent. A 300 nL Parr pressure
reactor bottomwas charged with S-25-B288 and cobalt(I1)

bi s- acet yWweaamewbeaat e hydrate to provide a cobalt concentr&Crarson613960 ppm
The reactor was sealed, flushed 25 and filled with nitrogen at 100 psig.
Contents of the reactor was heated with agitation to a set point

tenper at U][ F rﬁﬁteiitmubval?s3&ad@-sfeﬁfetdertosmpﬂrlmtﬂegwéraﬂ?slerm&t aappre)xiln‘mately

ni t rogen was, r eplace y.a.g ' 8 e e r
oxygen in ni od@h 8?‘1&10‘?1&95,8Pd78§§ﬁﬁéd Br%ék#rt egnéagt?]%aq%ﬁﬂ?ﬁ ﬁ!ﬁﬁlg?
period of regitation fdre dppwxomately Jd8savimutesxt the EBxpaiecewasnsigadnl ar
oxygen in ni n ' NhhHO : rer e i cqgl ed
the system é&gge%?eggéu?%@laﬁﬁg}gamﬂ, laﬁgﬂt,ﬁggola@geﬁ )[thlg bgﬁ%ﬁé}di ?ieed as
GS 42 Vb 03%DeaiEs AW beroNb18queos HAYET Was ARAIBC: and WSRATTe m xt ur e
GS- 25-B288 was dried over anhydrous sodium sul fate and anal yzed. Anal yses
of GS-25-B288 of Rdri thexment! stefetiar therepost-srnédtument opregessofan3 Ifprtype. e. a

| duct] f t. t4 f: 3 t d & ¢1,0ot al
26t d nunber st mdaBEHECS incREY ARLR I ncRe® in’l AIR] AR, AIRGT 1A thot 2
pressure reapproxiastehar gacee wlitersanef HiiedoriAormeieclar. gpue. angThe

cobal t (1) QgfBifed fbj!g:d'efrékcn tRE' §6divn® BIQibRade CObRhELBAYCARI relhishn of

750 ppm Oxygenati on rried out 3gs.in | e .3, .except, that the
react i oiOpertfetment, e d§g§h89Wﬁ%an§Pe a?ﬁ&%glbf t ng&ﬂé}% to

S- 25- B288- 1drein<i'@% i flﬁ?drﬁdﬁ?rb 2%af6188- Thideneateriudd vars ddpptifid as d36-F. 18

percent, an t ot acid n er 11..8 KOH g. The procedure of this

exanpl e was 3r@pé1§F§defobfanﬁﬁ§gtBl %fi@ngbl?ai?g' by bl ending a supply of

oxygenat ed product for post- treatnent testi n%. The bl end of GS-25-B288- X,
8.

nunbered 1 to 10 was identified as BEXAMBLE? Each oxi dation product
GS- 25- B288- X consisted of two |ayers. The top (bulk) layer was decant ed

I:gg‘t ';rgﬁtlsomer | & thRANexhBfpIEORhE 2360 YREIPafY PORIssOre datadtor BBttom
15 was charged with S-25 and cobalt(II) bis-acetylacetonate hydrate

to provide a cobalt concentration of 543 ppm. Oxygenation of S-25

was carried out as in Example 5, except that the reaction period was

33 minutes. Analyses of oxygenated S-25 in this example

determined a sulfur content of 11 ppm, i.e. a sulfur reduction of 45

20 percent, a nitrogen content of 9 ppm, , i.e. a nitrogen reduction of

50 percent, oxygenation of 3.61 percent, and a total acid number of

7.1 mg KOH/g.

-

EXAMPLES 8 -11 l

Hydrotreated refinery distillate S-25 was partitioned by

25 distillation to provide feedstock for oxidation wusing 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, a nitrogen content of 2 ppm, and 36.2

30 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
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A4 liter Erlenneyer flask outfitted with a large magnetic stirring bar
was charged with 1 liter of GS 25-B288-X oxidation product. The nmagnetic
stirrer vae ®wbewe®d and approximately 500 nl of saturat eecagsevoussodi um
bi carbonate was carefully added 25 to the flask. Once all of the aqueous
base was added, the stirrer was turned up to the maxinmumrate and the

m xture of ippmscind aroptetiescortenpemsst 16d7 t pergint ameotiorarappatoss,mt. 81 y 20

m nutes. At _ that, pgi agitati vilj'aeﬁ S ,_fd}g | iext up e

poured int cpe(,;CEnT [ ﬁL’%gg}gag?%’orabaf ufr)iﬂel wﬁgﬁg ?ﬁea V\Dth%% glgelﬁtblé E) ases
30 were per raromaticso ofdaPapercefe bottom aqueous | ayer was renoved and

di scarded. Treatnent with fresh aqueous sodi um bi carbonate was repeated as

necessary to red t eudl indck oBoEben fTANLS ippedetith3 WO
05 oeo00s et uadBfe e 0L, fire Fouid 0B ejuippeted i

4 material s transferred to an, Erlen r flask
and appr 8xi Mati€fpX sepndenssr. qai GHyn! ??l]d UL} o4 m{r&geﬁdmg oapﬁe
flask. Afterouthgi twer@nchargedpprOii geof ISt 250AB0Ut eShet reaniort uvas walsoagai n
poured into separ at.ary I e reqpenmt
separat e. T@%ggaomlagqﬁ%%éngl a%?@&ul\t‘/\{/a}s dcf? é%\%%]wgdﬁgn [ gglg, dggk.tm?ﬁ&(;ra?ﬁe
next step i rdeibaizedstwatesatansht30hpsceert @aqueousy fydrogeampere¥is.i ngdhe
i nches I D x I nch ' ool | ' | Re! iters
of dried SAIﬁ%Hdedggl g?fh??%‘%/‘gmiﬂ&e\éﬁzg | agl \gptg%é f%{ﬁl?he sod('yfutr#trr@%eln
bi car borlét e atxappEexisnatelyid Fash. 0o Fr eét nﬁppmé‘l@%ﬁwowil‘@uﬁ-i ppHd
through the (ggl AR $Pthd eEBMFoReri68) thiel agibitéon Jdaised maidrthel comsents

rl.
t't

exanpl & ¢ e Soenilask famALe stmeh A0ro b didhE Tefede” A ariie,of ihe b

and cobal t (Itop ]gaysgra(:@tgﬁhia@)ewmalxdthdmwneandodphpd'rait—:ech withahnhydrous
trati 54 ti f aS-.25 . i S

Soamole o Sl SUPRE,  CUHERR WP 18] AEsKOwalESftd A BPrmiitied 1o

_ ysSes 0
oxygenatiéd @8 ito tamdiextnicpF&LEren efose s .APRIFOXBH EhY o&lllgp

I.e. a sul f%ah%@ﬁgkéoﬂié’iidé5i§(hdw&ﬁtﬂt dedomipdsedanyceasiifal Ohydrepen
i.e. a nitrogen reduction.of . : . .
peroxide. At this point, the mixture was stirred for an additional

10 minutes before the entire reactor content was collected.

Table III gives variables and analytical data which

20 demonstrate that increasing concentration of acetic acid increases
concentration of total sulfur in the aqueous layer. Increasing level

of acetic acid caused sulfur in the organic layer to decrease by 35
ppm. These data clearly indicate that an essential element of the
present of invention is the use of organic peracids where the

25 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.
Acetic acid was shown to extract oxidized sulfur compounds from

the organic phase and into the aqueous phase. Without acetic acid,

30 no noticeable sulfur transfer into the aqueous phase was observed.
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50 percent, oxygenation of 3.61 percent, and a total acid nunber of 7.1 ny
KOH g. EXAMPLES 8 - 11 Hydrotreated refinery distillate S 25 was

partiti orwo okywe2925 distillation to provide feedstock for @xirdsvrensusi ng
hydrogen peroxide and acetic acid. The fraction collected bel ow
tenperatures of about 300 C. was a sul fur-Ilean, nonoaromatic-rich fraction
identified as S-25-B300. Anal yses of SFableB3DD determined a sul fur content
of 3 ppm a nitrogen content of 2 ppm and 36.2 30 percent nobno-aromatics,

1.8 percent di-aromatics, for a total aromatics of 37.9 percent. The
fraction col |l ected WMW%PMTEB@UA}@OA&AMSI@M—M fur-rich,

monoar omat i c- poor fr agt$on TYEHRIOKIDATIORS- OF00S-2oA3GEs of S-25- A300
determi ned a sul fur content of 35 ppm a nitrogen content of 31 44 WO

02/ 062928 PCT/ US02/ 01394 ppm and aromatic content was 15.7 percent

nono- ar omat IKEAMPBE percerg di -aromat9cs, and 1. #0percent tdil-aromatics,
for a total _aromatjcs of 22.9 percent, Into a 250 nL, three;peck round
bottomflasﬂf&@bi,rmbd with3% a refl ux34:ondenser, 4 mechani 2&4] agitator, a
ni trogen inl and . outlet, \were char 100 g ofcpxS-25- A300.,dhe reactor
was also ¢ bg%cd’r%“th varypng anount gfgf gl aci alsogceti C aci7d5:r distilled

and dei oni ZIEI?O gr, and]@Q percent apgsieous hydrsggen peroxiZzig. The
mxture is heateéd with stirring and under a slight flow of nitrogen 10 at

approxi qat el ¢u1fd @& tﬂ,ﬁp G ofor approxipmately twW® hours. At]14the end of
the reaction peri od(}’ e agitation ceased and the contents of the flask
rapi dly fornSulfumtQrg,vepmi 3 d ' 1ayer30 A sanpl &bf the tob8layer
(organic) was w thdrawn and dehydrated w th anhydrous sodium sulfate.
Contents of theftask—was StiTTEed and perdni ttE/ {0 .15 t L.ent

t enper at ur e HaPar 15 ggpP%‘?FWa idrogen Bﬁﬁenﬁéﬁﬁaéﬁ‘ g,}ﬁg%ll aaeC%’lngngiLﬂ‘ ed to
deconpose anfpOesd disdilléddvagen peroxide. At this point, the mxture was
stirred for an additional 10 m nutes before the entire reactor content was
col | ect e1qj Table 111 gives variables and anal ytical data which

EXAMPLE 12

Hydrotreated refinery distillate S-25 was partitioned by
distillation to provide feedstock for oxidation using an immiscible
aqueous solution phase containing hydrogen peroxide and acetic

20 acid. The fraction of S-25 collected above temperatures of about
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

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

30 At the end of the reaction period, analysis of the top layer
(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
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20 denonstrate that increasing concentration of acetic acid increases
concentration of total sulfur in the aqueous |layer. Increasing |level of
acetic acwoocaedesl sul fur in the organic |ayer to decreas@Chyusdsoidppm
These data clearly indicate that an essential elenent of the present of

i nvention is the use of organic peracids where the 25 carbonyl carbon is
attached t o rhyfgagese odicxidy d(dd)PHowasadidddd to ndeeompake s aaly t'qurecssar bon

Lo ot CE“M} gel, Rerokfag DoNd MfireRR el ol FOSiiBintel L on BRI L |
ggg}[)iognds_ 1; remvtiret kten(x:llgan o€ thhaﬂaslapwemtﬁletlh@mw@ot ustehadmttiey tishit a
Sheerved. - aETlelosld s SEERYSE PEY) PRI Hyd" (RabRRuER AR PASTRIES o
AND ANALSTI @&LtotaiEswans FOR OXI DATI ONS OF LS-25-A300 5 EXAMPLE 8 9 10 11

H202, nL 34 34 34 34 HOAc,nL 0 25 50 75 H20, nL 100 75 50 25 10 Sul fur

Aq, ppm< 2 < 2 13 14 Sulfur Og, PXMMPBE3Q231 18 H202 is 30 percent
hydr ogen peroxide. HOAc is glacial acetic acid. H20is distilled water. 15

o 1S4 S SRR PP AR 25

distillation to or JoXi daE T on usT
aqueous sol UABbA wraaseon@mtgdmaﬁgdmm%nupe&mn a]ri’d l&téth&,fgmgawﬂ The

; ract 'rOP. gL 1§L2§1aem1'£€étfédaeﬁp%tt ﬁﬂp@ﬁ?érur%eof)rg’éiﬂétla t6was MAfM® to

r tic- or frac n_identified as 25- A316. Anal yses
of S 251R31EUERGY T heBPE SR "PDBT MEEORGH - AHF AU, & ent
of 102 ppm cdomtathed .81t hbpee- giﬂﬁl(r_round bottom fl ask equi pped vmth a

EXAMPLE 12b

The entire contents of the flask from both Example 12 and

Example 12a were combined. A bottom layer was then removed,

15 leaving behind a 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

20 ratio ranged from 7:1 to 10:1. Analysis of organic layer emerging

from the alumina was 32 ppm of total sulfur and 5 ppm of total
nitrogen.

EXAMPLE 13

A hydrotreated refinery distillate identified as S-150 was
25 partitioned by distillation to provide feedstock for oxidations using
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-98  collected above
temperatures of about 316° C. was a sulfur-rich, .monoaromatic-
30 poor fraction identified as S-150-A316. Analyses of S-150-A316
determined a sulfur content of 580 ppm and a nitrogen content of

147 ppm.
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25 reflux condenser, a magnetic stir bar or mechanical agitator, a
nitrogen inlet and outlet, was charged with 100 g of the S-98-25- A316, 75
mL gl aci avoaemé29es aci d, 25 nmL water, and 17 nL (30% hydrogasopersoxi de.
The m xture was heated to 100 C and stirred vigorously under a very slight
fl ow of house nitrogen for two hours. 30 At the end of the reaction period,
anal ysis of the tAp3l diyen, tl@megalmdo found taotedmsfldskr eapdppiedr agith of 54

| f t a|n5|rred and
o o 1o (hdrer-iRORd WAl CRIAN O hehehRS W8S nitided
46 WD 02/ 062abet |ami/ ostlet.0 8894 anhesfang s mainteki dentr @ﬂ) thmughidadvanac
deconpose aWa§Xé}9§r%edhXﬂ'ﬂQ9Prk fosmsao-%ﬁlét'rngea &Pg Hﬁ%céf?& %Q{d”e

uih e Genief o9 %&iﬁ%i@%@ﬁ&%&&?&% e ound 4

ﬁqueous) found 44 ppm 5
of total sulfur. EXAMPLE 12a A second oxidation of hydrotreated refinery
distillate S-25- A3sBghtsflovndoftmidragemesasi haitiatedExand! ¢hid2 dag Otfm:rrgl ng

100 niL gl t t T s

T0 contain 2084 ShE L?&z%d @é‘ sTalE SF the FEaBId Uelnb o) THE e il o
81 ppm sul quaS Exmbt 19 bHPIREI tcf wéaht BHEINDf ande thbascmmuenm batére
Exanpl e 12 diehteBxandhee 1Re mm@té\eﬁeacﬁégotwmd ayRs ¥GstenieNw &eved,

or gan ¢ Toay AR ldt ife rsvsraﬁrf%y?%ae? S AT SR v any

residual water fromthe process. After the spent sodiumsulfate was
renoved vi a vacuuffter| thearéaotjon htemfei had a¢lapsed, thercmitehed domtimged efough

S 03,55, Rt ied” el Sl Ygfler oA B Gol S °, L
sul fur and @Hﬁﬁﬂxdmitt@i/)él m@rﬁ&emglmslstoppwhrmtamenmlhyefwm}ey
distillate igsproxinfsteds BpléPmdisganese dioxide (MnO,) was added through
15 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 was cooled to approximately 49° C. The agitation
was ceased to allow both organic (top) and aqueous (bottom) layers

20 to 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.

25 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

30 the dry organic layer, identified as PS-150-A316, was 143 ppm of
sulfur, 4 ppm of nitrogen, and a total acid number of 0.1 mg KOH/g.
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25 partitioned by distillation to provide feedstock for oxidations using
peracid formed with hydrogen peroxide and acetic acid. Analyses of S-150
det er m newoaz2medotur content of 113 ppm and a nitrogen ceararsp2/ef3986 ppm
The fraction of S-98 coll ected above tenperatures of about 316 C. was a
sul fur-rich, nonoaromatic 30 poor fraction identified as S-150-A316.

Anal yses of S-150-A316 detern ned EXAMPBPLEcKht ent of 580 ppm and a

ni trogen content of 147 ppm 47 WD 02/ 062925 PCT/ US02/ 01394 A 3 liter,

three neck, roundy Stle?’% ﬁﬁ;‘ FaRHe MW A & a E&rwht%Ckl%tOe‘i’nLe(f)f‘l‘”S

condenser, rrechanl ca nitrog e '\Rg and outlet, .and a
€

heat i ng mantleﬁ -Zohi 6 orndd 15y hOB%'ih PaRge Ve t Hiakery, @)f’d

ﬁ- 350 A316, tllnehldmé Amfixgir@cwﬁs facmlgwedam C!;e rarg 1menbot1bn38rrpam<aeml

ydr ogen_per.oxi de QW of _ni en an

then sl 8w ya ¥9\bpwaévgphgﬁéi C%avq:& ﬁ(g' aéﬁygrcatoh%iﬁ} THS 58 tngﬁor
was started pm-twmwfdheepfmtmcanman sthen aeoletted fontamalytiogk destingt 20d Once
t he temeratlﬁgﬁtlﬁgf%ssa%ﬁpfé MFH ontents were 10 held at this

tenperature acti o mnutes After the reaction tine had
el apsed, the contents continued tqg, .be stir ile t eat| ng I
turned of f and r oAy miarpotipen ot fresh jnet a@o Vag @ &Y?CE Qi‘gped

monmentari |y aﬁﬂthgnn%pﬂ{@%eﬁﬁqﬁm%llm) qﬁLn@m ?6'@@@ diThe ffﬁnﬁM‘lQ%s vigaiadded
through 150 e, n e round mflasktoth pg ﬁeé:
mxturel Qri@é‘@ﬁ*po%@ ﬁ}e FH‘é‘éEfeede Her i WPATRi ngN%f OP
contents W tl’ﬂetl’lim}j@lglﬁ drokyasasoll beredr aﬁdnmk«uhtfof Ahglytaberestinge AoﬁOt he
m xture was cooled. to a a

a1 ow botn dRbameEteRo Hiel Haopetel estadhyd | ﬁb@i&t %a%%gﬁggﬁ‘a? whi ch
occurred i nmamilutieh . temhngband aden Eﬁd wassanepbe MEfd 2r et ai ned for furt her
analysis in a lightly capped bottle to permt the possible evolution of

oxygen from any qqﬁ@cmféﬂal 30e P I siuct AN Yisé Studnel t 150 Bsit tom

'nfyﬁ]f Qgt%urzif methgﬁlo was ad hg rﬁ?ctﬁmm?sw%gu%:ggl%sl%a?( & e% %th 500

two layers were allowed to separate. The bottom methanol layer
was collected and saved for analytical testing. 50 mL of the
product is collected for analytical testing and identified as sample

ME14-3.
20 The Analytical results obtained for this example' are shown i1n
Table IV.
Table IV
REDUCTION OF SULFUR & TOTAL ACID NUMBER
25 BY METHANOL EXTRACTIONS
Sample TAN, Sulfur,
mg KOH/g ppmw
PS-150-A316 0.11 143
ME14-1 0.02 35 _ .
ME14-2 0.02 14
ME14-3 0.02 7
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aqueous sodi um bi carbonate to neutralize the organic |ayer. After the

bi carbonate sol ution was added, the m xture was stirred rapidly for ten
m nut es twonewns923 i ze any renmi ning acetic acid. The orgamce/USeBOBP4 al was
dried over anhydrous 3A nol ecul ar sieve. Analysis of 30 the dry organic

| ayer, identified as PS-150- A316, was 143 ppmof sulfur, 4 ppm of
nitrogen, and a tPhede aesdltsurdiearlpf show nghatOHnethanel W2/ ogmdds of

PCT/ US02/ 01 - 500 i ar f char, - WM 150
m. of PS- 1%%4%%5‘- %ﬁf}%}ig of(ﬁlen%iﬁﬁgnoﬁa"h(f’{f‘%eC?5 W@I‘m\?\sfas s%acgggldgn%w’t hen
the mixture aqidicalmpustiieso Welsaalsoe remey ashibyometbanahtXxEactPsr was

col l ected and saved for analytical testing. A 50 nL portion of the product
was thensgcol |l ected for analytical testing and identified as sanple ME14-1.
A 100 nmL portion of fresh nethanol aMpett {9 the funnel containing the
remai ni ng 100 nL of product. The funnel was again 10 shaken and the

m xture was allowed to separate. The bottom nefhangl |ayer was l.ect ed
and saved for AnaflyS¢RaIatpE¥ fupnels was Frﬁa i Whthof e%t‘?faiﬁ'les(b'

ext rflct ﬁ/glgmgmlét aﬂ‘@fSh@QhLeWhﬁéi.fDl%e fgit_iabytw@gshtaik%mi atgﬁaﬂ? ﬂ&&&fﬁsi gueﬁ@ as f
sanmpl e - nt,o. .t he renaini 0 rodu LN e e -0
15 fresh rret‘ﬁé‘i’lwphvxé% éﬁﬁﬁeT hiﬂ?u%%ﬁo%s‘f) %tgeeii ﬁaélﬁﬁk@‘f?sancgﬂpeﬁéedt%ﬂw

I aéers W?rfe sdviedwdor _taneflptiaah_ttestiiﬁge bbhe dny drideaboin [layer waalsc«zldbtmdt ed
and saved fog _a t . . £ e [ ct or
anal yti cal tfggt ?ﬁ%l)glyr?&?i taetes‘rt:\lt%léf ?iglg ggelgqéﬁrr%{detagl\}éﬁ: gﬁ”zomﬁle&%aﬁ%?%éﬁfs
resul ts obt aihesd fasulthi s exanpl e are shown in Table |V. Table IV

REDUCTI ON OF SULFUR & TOTAL ACI D NUMBER 25 BY METHANCL EXTRACTI ONS Sanpl e
TAN, Sul fur, mKOH ppmw PS-150- A316T8bie1V143

16
REDUCTION OF SULFUR BY WATER EXTRACTION
Sample TAN Nitrogen | Sulfur
mg KOH/g | ppmw ppmw
PS-150-A316 0.11 4 143
E15-1W --- 5 100

The water extraction results show that water was useful 1n
20 removing oxidized sulfur compounds from the distillate.

EXAMPLE 16 .

Five hundred grams of PS-150-A316 were percolated through

50 grams of anhydrous acidic alumina. The collected product was

25 identified as E16-1A and analyzed. The data are presented in Table
II1. ’

Table VI
REDUCTION OF SULFUR AND NITROGEN BY ALUMINA TREATMENT
30
Sample Nitrogen | Sulfur
ppmw ppmw
PS-150-A316 4 143
E16-1A 2 32
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ME14-1 0.02 35 ME14-2 0.02 14 WME14-3 0.02 7 49 WD 02/ 062925

PCT/ US02/ 01394 These results clearly show that nethanol was capabl e of

sel ecti veWwg @923 ng oxi di zed sul fur conpounds. Additi onalPiCyrjusozaciseh c
impurities were al so renoved by nethanol extraction. 5 EXAMPLE 15 A
separatory funnel was charged with 50 nL of PS-150- A316 and 50 nL water.
The funnel was sHEhese adatat Kiemanstrateerthat alaleomenat dTeatzaent e Washeakser t om
wat er | ayer g[/ygécﬁ%llﬁcaﬁd 2 e&@ §%§ﬁn& 8 SWEhY tdrf® nitRPdGomPBunds

hydr ocar bon vvaéiléﬁﬁta or ana ytlca testing and identified as
E15-1W  Tabl oM ¢ be € hese results. Table V 15 REDUCTI ON OF SULFUR

BY WATER EXTRACTI ON Sanple TAN N trogen Sul fur nmgy KOH nw nw PS-150- A316
0.11 4 143 E15 | AhalysiS Wl comdwetedr orxaluaniriaortreatad tmaséroal tEA6- WAt er

BXAVPLE 5 2&3%1%’3’5%33?2%' fie %SSE%‘S B8 er IHE 4 ié’?’g%‘tég%t phetd ), af
grans of anrahienges afiany dibenzeshiophens| nedhed pspduciss wdile 2t$1e| %@ﬁldl fied

as E16-1A a oIS Sith _Table [1I1I. Table Vi
REDLCTI O\ SRR oot Tm%p%i\i( oPREsmBALY, Io0 o0 Sanpl e Nitrogen
wiur v mw EXAMPLE 17

10 Hydrotreated refinery distillate S-25 was partitioned by
distillation to provide a feedstock for oxidations using peracid
formed with hydrogen peroxide and acetic acid. The fraction of S-
25 collected below temperatures of about 288° C. was a sulfur-lean,
monoaromatic-rich fraction identified as S-DF-B288. The fraction

15 of S-25 collected above temperatures of about 288° C. was a
sulfur-rich, monoaromatic-poor fraction identified as S-DF-A288.
Analyses of S-DF-A288 determined a sulfur content of 30 ppm.

A series of oxidation runs were conducted as described in
Example 13 and the products combined to provide amounts of
20 material needed for cetane rating and chemical analysis. A flask
equipped as in Example 13 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
25 percolated through a second column packed with 250 mL of dried,
acidic alumina (150 mesh). The 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

30 was placed in a 600 mL Biichner funnel equipped with a fritted disc

(fine). Dried distillate was poured over the alumina and more

quickly treated as the vacuum draws the distillate through the
alumina in a shorter time.
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PS- 150- A316 4 143 E16-1A 2 32 50 WD 02/062925 PCT/ US02/ 01394 These data

denonstrate that alumna treatnent was also effective in the renoval of

oxi di zed wolokmeé29and ni trogen conmpounds fromthe distill areT/Usnza0ngsd s was

conducted on alumna treated material E16-1A 5 and conpared with the

PS- 150- A316. The anal ysis showed an absence of any di benzot hi ophene in the

E;(Xﬁl/gﬁtE S, 1\§m|1 Be e@@tchceﬁtpﬁmeﬂumbmﬁ _tlfl}lleEH gmrmtafiat hivas i smmbniilttle%
rot negr i S1 te ¢ n y

distillati 0|§ L 4o F%SOW gpg@ o@@%ﬁbﬂ\( &EFI 8HL€UES:9§§1‘§@ tfgl% %rg?

wi t h hydr ogéromertirei d&ednd aAHtlaiumim Meatéd acmiaderiefs Shagds aolsdcfued

bel ow t enper, f su r

fraction |de§bggﬁﬁgﬁow gﬁg {1?‘3’ t:‘ug% %"%éheéa co| | ec éﬁn ove

t enper at &r eSUburabofyt b @© &5 f OF -glusmnanpifgatethaMaepddr Wascti on

identified agestiBedAESBA-BPFaAPS8S of S- DF- A288 determ ned a sul fur content

of 30 ppm A series of oxidation runs were conducted as described in

Exanpl e 13 and the products conbined to provide amounts of 20 nateri al

needed for cetane rating and chemc ysihs. A flask equipped as in

Exanpl e 13 was charged with 1 kg of EW&%@ Iiter of glacial acetic

acid, 85 nL of deionized and distilled water and 85 of 30 percent
hydr ogehO per oxi dé\lunwn@nérq@rt@demarterlal&)eBAhDEf-AQBBeErom| Braeple Kt jandt e

was 25 per ¢Ql ﬁ%‘i@b&d‘rlﬁ #rig 6o W'%g&c%e@e%tbléﬁféd”{oo prédies.

acidic alumn he distil.late t na rati.o out41
(v/v). The dheliRE-GBs J%%S(!‘T orota SESANE el yanalysishe f'éﬁlmﬁﬁté nBI€and
replaced. | nraBehftl iArPaieuUVEIBpproxi mately 100 grams of alumina 30 was
placed in a"600 nL Buchner funnel equipped with a fritted disc (fine).

Dried distillate was poured over the alumna and nore quickly treated as

the vacuumdraws the distillate thrgijgh t he
15 VII

Fuel Blended from Oxygenated Low-Boiling and Oxidative

Desulfurized High-Boiling Fractions and Alumina Treatment

Fuel DF-GP S-25
Analyses
. Total Acid Number 1.2 <0.01
mg KOH/g
Sulfur, ppmw <1 20
Nitrogen, ppmw 1.5 13
Cetane Number S6 50
‘Spec. Gravity @ 16° C 0.86 0.84
, Heat of Combustion 137,8200 137,450
(Btu/gal)
Oxygenation, Percent 1.99

20
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alumna in a shorter tine. 51 WD 02/ 062925 PCT/ US02/ 01394 Every batch of
post-alum na treated material was submtted for total sulfur analysis to
quanti fy wbe2sedotur renoval efficiency fromthe feed. Al lpcalusnt/os4s reat ed
materials had a sulfur concentration of |ess than 3 ppmw, and in general
about 1 ppnw 5 sulfur. A blend of 32 batches of alum na treated nat er_i al
was identified ForBheDpurRdks BXAtRL Brasernto invantion, t'yadem mandly ‘alis

BA- DF- A288 f 7 d t er i M EFITP 6
wer e bl endeé{e&@@%@gﬂéfwgﬂ 698@’%@2 ?rds&t(gf tgg ?t%n'ﬁaflaﬁ’arl]al séggf
fuel DF-GP aseocpubdngt #dth nsutfieient) frequencyabpe bﬁmgmwessnén@édswbm

Oxygenat ed g Reget f Hi ghpeplktrtigs Fioficihons
and Al um na';fFW‘gg?tr%%)'R? aglr]g) @Eézg%g*a‘g?% Angl y ddg'iico?ﬂe: XE‘} p Nunts)er 1.2

<0. 01 Kofvssgﬁ!aft%ﬁi ERROUT 200rN|§Yr36%‘§n efes §e  ALEARENKYNHOr 56
50 Spec. & atidppr@h6 r0.s86h0.ifitpadtieds abt CQrdamstswbmsthanaamo 1431 4568

/ gal In
(2 o) SR, o5 W by, ol AL e e SRR,
t han about fis fdefimed asnabsolstelyt &xcepl Itiaatusnalléf vaﬁdtlom advghr hagewnoh
sufficient frﬁSf’éJef}fa\ﬁ % @{g [I86BE eefett |h ShaRroRIGHE ualtiesS Ak MEARHT P! Y

af fect nmacroscopi c
10 outcome are permltted typlcally up to about one percent.
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5 associ ated conpound or system Were the frequency or proportion for
such inpact is not clear, substantially is to be regarded as about twenty
per cent woO 062925 The term "essentially" is defined as albsolusbrénI£xCcept
that small variations which have no nore than a negligible effect on
macroscopic qualities and final 10 outconme are permtted, typically up to
about one percent. 53 WD 02/062925 PCT/ US02/ 01394 That which is clained

is: 1. A proagiswhich tibelpimeediasi on of refinery transportation fuel or
bl endi ng conponents for refinery transportation fuel, which process

compr i ses: 5 P oyidi noy QuaRBLE (PSS! REKIGONBR SE dly <! aRBb iGN ©

conmpounds derived fro aral ‘petrol

rangi ng frorﬁlab@mtblmdm’g ctcunaba@ntmforArerfme,rornttamsmytat@@sefygls W&Uﬁbe of
di oxygen wi ?} F hgesfeedstock in a liquid reaction nmedi um containing
a sol ubl e C yst stem co ri,sing at | east one nulti-val.ent and/or

heavy nePal whi l eprﬁ’é( RTEg§Nth Ffiatﬂ (OARPTISH Sredli T Q6 OX 0T &ANIS £ ce
of hal ogen guidpountisl dgeawedoffitann nhagrabnpetrodsunt, o tlier miaturex thavengf a

i mm sci bl e phas rl fgg”h H®@oo ni c conpounds,
wat er of readti g& ?glﬂgl g i C ﬁgé‘gfg‘é)b J[aﬁ)I %gﬁgn@s?gar a@?hg fromthe
m xture of irmi sciontactih@sds gasepyastsoarce i oft dipxyget Wigui dhef qrganic

density Cow%baéﬂﬂ:khxﬂra)qa{lﬁanﬁeactmwgm@@ﬁ@ﬂl %aﬁahﬁngormoeynﬂﬂeaadta’:lgﬂsdl c
co- products and second

whi ch “cont ai,ns at
port i ondOof St)’ﬁé"v‘@at%‘?ﬁflsu}&t al 139\%& éﬁ’eof i %l?l(‘}ﬁtar?d’ Of giheayg. pﬂfgtﬁits.
20 2. The prwhitesnrdnadiding the cliqa.nth teadteori madianor gabstantiadbdsfreek of

o6 or “nor o tORRs Al dY @%@Q%%’“Eﬁ{‘ﬁ@%??aﬁ@ SERRCR G T
wher ei n t he ismmisdbbepphasesi comprdsing alm b@snssolqnygﬁmaéodnt 0nFangc at
| cast @ Portd ipBlinHEe vatlef! 6@{%&% ra%@%ﬁﬁ eordauRes! ahd o

ni t rogen-con |ng oY gani c e pro ess accgor claim?2
whi ch fdbt her ccﬂmréﬁﬂgccfﬁ@@ctthﬁgmlﬁéu% pHr angansetligninhaseguied l(/)ﬁatsﬁ a

neutralizingfrst organic liquid of low density comprising hydrocarbons,
oxygenated organic compounds and acidic co-products, and second
liquid of high density which contains at least portions of the catalyst
metal, water of reaction and acidic co-products.

20 2. The process according to claim 1 wherein the organic
feedstock comprises sulfur-containing and/or nitrogen-containing
organic compounds one or more of which are oxidized in the liquid
reaction medium, and wherein the second separated liquid is an
aqueous solution containing at least a portion of the oxidized sulfur-

25 containing and/or nitrogen-containing organic compounds.

3. The process according to claim 2 which further
comprises contacting the separated organic liquid with a neutralizing
agent and recovering a product having a low content of acidic co-
products. ‘

30 - 4. The process according to claim 1 wherein the catalyst
metal is selected from the group consisting of manganese, cobalt,
nickel, chromium, vanadium, molybdenum, tungsten, tin, cerium, or
mixture thereof, and which further comprises recovering at least a
portion of the catalyst system from the separated second liquid; and
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agent and recovering a product having a | ow content of acidic co- products.
30 4. The process according to claim1l wherein the catalyst netal is
sel ect ed Wopanié2ees gr oup consi sting of manganese, cobalt, pairaiset/izehrom um
vanadi um nol ybdenum tungsten, tin, cerium or mxture thereof, and which
further conprises recovering at least a portion of the catal yst system
fromthe sepsgestiag alcond Ipartios; ofnthe 3¢co@eded 062t gsiPEystBSD2/intkBIhe

i njecting aki rb f the recovered catal yst systeminto the
Yoy, Rafflch' Hedtuh,

liquid reacti e process according to claiml wherein all or
at least a portion of_the organic feedstock,i.s pr.oduct oﬁ a
hydrotreating 53proceERe MEPCHts @GP@Uﬁ'pgi tq iclaig ek whersi 8t all oo gt de@shl | y

of material abpbttitwy BEtHeeor@inyt fé&ldstoclanit abprdddetd of. avly dhotreatin
hydrotreatin ro&ess |nc|lludes r.eaﬁt ng the. etrol_eumtdl til}late V\n.t% a
sour ce Rgﬁ?gﬁe OLt DS Q) Y EH 51 a@&ncﬁ%sbﬁylg 35 lﬁl@seﬂ dngferia

hydr ogenat i boilirng Hetstedmn abomit sS0DY. apdr apeutatd2si Cewthich by dsetrieating 0
and/or nitr r h d S5t d¢kl @t ) pRecess
accordi ng t@g(??%glsm @%ﬂherseféﬁg‘?ﬁﬂfqﬁgdng’éﬂgl‘ﬁﬁH% g%tgstwlgl)rr%rslosegeawl east
one active hydapgesel act Bydrogenating groudlttaisi 40 nidicor Presenee r ffsidi on

el enents i N ogRRALQM Catdfke toarsisti By Hypdrctarhiii redflovaleof sulfaert in
an 15 ampunt ~of fgrorp about, O: 1ggerc§d}t t'o_ abput ZWC&\%}[" F% wei ght of

the tot ¥ can&/gEmtroger, from, the by, é’cSF%I‘i‘tr?éjotpc?tE‘P Ui sdigtEiaen t he
hydrotreating process further conprises partitioning of the hydrotreated
petrol eum di sti | Ibat e byTHestpidcass oraacorging/i de aclalmastt 2ovharein owtlvdi | i ng

petr o, ISt _ ! f acalmash. .
i o bot 11 (BB efatbt alalyst SinplIBRO A1 IS; ldire abA0e MREAL Ofklthed
fraction, antoRhethgi nZEOREP oegaﬁisangeectfsttﬁék q-drangiteshi REEINEYLS hin the

| ow-boi |'i ng Perftiie. PabldNeeditOCRESOrpoeafc NBnt® @haiifiedt Wagsporn tixe an
catalyst_ 25 s stemfc ri ses aO ource ?f cabal %/iiﬂmetal $ | ect ed frorpthe
group E8nsPEROWGE Gif HaRyAREUE 0L oBRIGENT i RBPUL 3 dRRTGRIT Y MELRRE ©

the total catalyst.

7. The process according to claim 5 wherein the
hydrotreating process further comprises partitioning of the
hydrotreated petroleum distillate by distillation to provide at least

20 one low-boiling liquid consisting of a sulfur-lean, mono-aromatic-
rich fraction, and a high-boiling liquid consisting of a sulfur-rich,
mono-aromatic-lean fraction, and wherein the organic feedstock is
predominantly the low-boiling liquid.

8. The process according to claim 1 wherein the catalyst
25 system comprises a source of catalyst metal selected from the group
consisting of manganese, cobalt, nickel, chromium, vanadium,
molybdenum, tungsten, tin, cerium, or mixture thereof, in the form

of a salt of an organic acid having up to about 8 carbon atoms

9. The process according to claim 1 wherein the catalyst
30 system comprises a source of catalyst metal selected from the group
consisting of compounds represented by formula .

M[RCOCH=C(O-)R’}x
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nol ybdenum tungsten, tin, cerium or mxture thereof, in the form of a
salt of an organic acid having up to about 8 carbon atons 9. The process
accor di ngwpe2o6m@ein 1 wherein the catal yst 30 system conpPCsasoaosour ce of
catal yst metal selected fromthe group consisting of conpounds represented
by formula M RCOCH=(O- )R] 55 WD 02/062925 PCT/ US02/ 01394 where Mis one

or nore menefef ANeisIRIP §PNRiIcTEl NBePhberBfanhge, grovpal bonﬁbﬁi&g' ,of
chrom um vanadi um nol blgaeinum. tungsten, .tin and cerium R nﬁd are the
same or difﬂé&l@agﬂnesr?errbé? bf mel}roa f%@ﬁ%‘stiﬁ@“ﬁ&“&“hyo‘?‘&@% SPYMHand
methyl, 5 altkipstedryltin ahkényeramd, aRkyngdl Bi arps thevi sanep oo dbfdere0
carbon atons nd X i . ool 0. | t | gy
wherein the%%?‘iﬁes& o@)l}?t %ﬁ?%}gnﬁ(}{qsslgéﬂg E’gﬁ?@s%f gga{ g(i[tgg} ?rne(?aﬁiés{h&é’ct ed
from t he5 gr aligyl, cowki stkenyloand atbyondsgrospsebaning) upy te @rhﬂymaﬂld:wﬁ{qvcom
C(O)R] 2, at&%gg%@lﬁ%@)o?j 2 and/or Ce[RCOCH=C(O- )R] 3 where R and R
i

are the sanme or erent menbers of the group consisting of a hydrogen
at om and net hyl ,ég)lokyl

aryl, al kenyl and 15 .al kynyl .qroups _ having,up, to
about 20 carbon me. 1€, %Aoﬁ?%%géof‘ﬁpgt AR ‘blPHHugt iwolﬂer&l r S5 né?‘gﬂygt
ol P oh O e oo st 1 2t o o o1 gan ¢
f eedst ock c&ﬁ’%‘ﬂé*% Ojo‘{%pﬁﬁﬁgarlgéﬁoﬁfetsgﬁ %@?b&pgfgnpoulr?ds derived from
natural petroleum the mxture having a gravity ranging from about 10 API
to abouf0100 APl to provide at M@m(g@hﬁ%(m 2bing organic part

consisting of a sulfur-lean, nono-aromatic-rich fraction, and a

hi gh-boi ling organic part consi@bﬂ}{(g)@Hzaj(@t?H’}g- randior nono- aromat i c- | ean
fraction; 25 contacting a gaseous source of dioxygen with at |east a

portion of the | ow boiling orgagmma) by quid reaction nedi um
contai ning a soluble catal yst sy Sl 3 source of at |east
where R and R’ are the same or different members of the group

consisting of a hydrogen atom and methyl, alkyl, aryl, alkenyl and
15 alkynyl groups having up to about 20 carbon atoms.

11. A process for the production of refinery transportation
fuel or blending components for refinery transportation fuel, which
process comprises:

partitioning by distillation an organic feedstock comprising a

20 mixture of organic compounds derived from natural petroleum, the
mixture having a gravity ranging from about 10° API to about 100°
API to provide at least one low-boiling organic part consisting of a
sulfur-lean, mono-aromatic-rich fraction, and a high-boiling organic
part consisting of a sulfur-rich, mono-aromatic-lean fraction,

25 contacting a gaseous source of dioxygen with at least a portion
of the low-boiling organic part in a liquid reaction medium
containing a soluble catalyst system comprising a source of at least
one catalyst metal selected from the group consisting of manganese,
cobalt, nickel, chromium, vanadium, molybdenum, tungsten, tin,

30 cerium, or mixture thereof, while maintaining the liquid reaction
medium substantially free of halogen and/or halogen-containing
compounds, to form a mixture of immiscible phases comprising
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one catal yst netal selected fromthe group consisting of manganese,

cobalt, nickel, chrom um vanadium nolybdenum tungsten, tin, 30 cerium

or m xturwotokesmes , while maintaining the Iiquid reacti onPCra02M34
substantially free of hal ogen and/ or hal ogen-contai ning conpounds, to form
a mxture of inmscible phases conprising 56 WO 02/062925 PCT/ US02/ 01394
hydr ocar bongy desgaeimisd oxygsstiatedorgrganits, covapeunds, r eater oof reactienj dic
co- products; %ega.r at i ng f{)) m.t he m xture of immscible phases at |east a
first or ganial1 I E]'ﬁli“ii S PI Gnsi ty conprising hydrocarbons, 5 oxygenated
or gani ¢ conpoundsepatatieg dftomeothe onixtweand Hauupcible gphases ai Jrasfertsity

whi ch cont aigj§¢ atod‘légﬂr;é gﬁﬂ}ihonéfOfloﬁvhedéﬂ’éﬁ&ySEorrfﬁﬂﬁhg WalyRIroRhrh8ast i on

and acidic co-pro ; contacting all, or .a portion,of theqsg%ﬁrat d
or gani ¢ i q@XYSkNAkEd QOFRAME aP?‘ﬂI’erl“é%elﬂnd( G5y GAsPEQINEtg an G98Y4 i ng
oxygenat ed likfdixiﬂr@ﬂh{?ghl hﬁ‘nisg \?\vhlii@w cmlfaﬂ'!llms afleast giortionspodbdhet satalgst The
process according tq claim1l. whereain at a ortien of the separated
organic |i qlﬁlil‘ata?’s%agﬁf acgﬁre%i Gh 4 .gﬁ@i%fz)'ﬁt%@b(ftgmédo(? a chenical base,
and the recover econtygemgtait oprogoctionephitbet sepanaded! ogganicnliqped with ess
t han about 20 . : o} rgi IKhiGha {n
the chem caI%1 %%%é%lgg (J:a?reré}gurt]lgggee ecte _f??ﬁtﬁer%yo@ﬁﬁ??ng%fgﬁgg%@
sodi um 10 potpaedugtn haxingumlowacententant arkie 0-PrPAHCEhe for m of

hydr oxi de, carbonate or bicarbonate. 14. The process according to claim 11l

wherein all or atjp 20 r[e&stprgc@bq,t ig@@opdintghqooclgﬂﬂi q_1f eclalsitedfik at Slengpr @duct
of a process for hidrlogenat | on,of a pettol.eumdistil I(ite. onsi st i n%u
essenti al | y RSTtioRa Od the SeRATATGE ‘B@@\R@é&“&ﬂ)‘ ulS seniacted Wil A 49BCRUS i ch
hydr ogenat i gplationess a ceémies beset and thee rpevvetalinoxy sendtedt prodiuct a
source of hydrogen d e 110 A ' h e of a

hydr ogenat i cﬁ%‘*‘éﬂﬁ& @i[?woécjgsﬂq@{nbo% ﬁggg%c’ggga idgn%uttrgom%agrkgqjgﬁl fur and/ or

nitrogen fromthe hydrotreated petroleum distillate. 15.. A procgess. fqr the
product 16n of refliheryTheaprosess aqwiding to claim 12 wherein the chemica

base is a compound selected from the group consisting of sodium,
potassium, barium, calcium and magnesium in the form of
hydroxide, carbonate or bicarbonate.

14.  The process according to claim 11 wherein all or at

20 least a potion of the organic feedstock is a product of a process for

hydrogenation of a petroleum distillate consisting essentially of

material boiling between about 50° C. and about 425° C. which

hydrogenation process includes reacting the petroleum distillate

with a source of hydrogen at hydrogenation conditions in the

25 presence of a hydrogenation catalyst to assist by hydrogenation

removal of sulfur and/or nitrogen from the hydrotreated petroleum
distillate.

15. A process for the production of refinery transportation
fuel or blending components for refinery transportation fuel, which

30 process comprises:
partitioning by distillation an organic feedstock comprising a
‘mixture of organic compounds derived from natural petroleum, the
mixture consisting essentially of material boiling between about 75°
C.and about 425° C.to provide at least one low-boiling organic part
35 consisting of a sulfur-lean, mono-aromatic-rich fraction, and a high-
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fuel or blending conponents for refinery transportation fuel, which 30
process conprises: partitioning by distillation an organic feedstock

conpri si ngoaz/06292xt ure of organi ¢ conpounds derived from rarmset/oEet r ol eum
the mxture consisting essentially of material boiling between about 75

C. and about 425 C. to provide at |east one lowboiling organic part 35

consi sting ; i | £-ghy 5 t R} 57 WD
02/ 062925 p%}lﬁé%é‘#‘?&‘%%%ﬁe@f b S e ey T ta

nmono- ar omat FEAGIEIK  fraction; contacting a gaseous source of di oxygen wi t h
at least a porti @0ntam‘tmg1€a Emdml sbngeondahogypent wiith atllegsi d peationon

medi um 5 cQ ta a,S0 y ystem,c si our at
| east one cita b nlgz&(,hmgg # rﬁatrﬁe E;lrg]ﬁpqc I’%gl s r?g“’?) n?gdgélese
cobal t, i clcehtalnkmg)na solublgnsatalyst r&ylsy@die@@mpltlmtgtaeﬁouﬁqen of %tegﬁen‘sﬁ or

m xture thergaf cat‘Q'Py%te r{’%?hﬂts%l&tg?oi’ﬂ@ﬁn' fh%“rg? 6h§§tm%‘36ftfﬁhn anese,

subst anti al I y free o ogen an r hal oge nds, to

e
forma mixt G0baksf nhikebci OMHHBes VABAR w@.’ngnow Ppoddng Wgeﬁé‘tled
organi c compepmds, MatR{xtake  igreosn, whiled mgirhmiee- pheduffisd sepatiain ng

fromthe mxture of inomscible phases.af |east a_ .firs ani ui d of
| ow density™® HR 5 i SHY SEA & é{r fe, of éalﬁgf(_ﬁbn%gémbrbgﬂ?ge%cﬁ%@l &and
?CI dic ¢0- prc@mp@ $n($;€nd toedond ld quiidture m»fghndamnbLe wphases onbaiprssiatg
east port| e cat t t| d C

co- products; Yé‘ﬁ&‘:é ?I}ﬁ:’tl(igy efr}atgﬁ aéf%% i oR° o%) %Seg'gl ?o?gda(%ll%n
liquid wt hand aeudic ald-praguaigent and recovering a | ow boi | | ng oxygenat ed

20 product havinge %&%gomﬂt {1 ﬁ\?kﬁir% o Hﬁﬂqyeﬁbﬁie B‘dsé@néta%hﬁgéhe
i gh-boi | i ng_ organi c

an’ | ﬁ hase conrpnihfigr east one
organi c per duisH o@rg@n&urw@ of dP}j’an Gnﬁgb’acicﬂn}mlsamgl quEYETPERLR PBA-
m Xt ur eqg8i RY; teéUbﬁgzﬁﬁbl abmpdums afndadcdid icw-peoduvetsmedml ssevudidr

S o WA ST RTINS SR SR S et
ni t r ogen- cometiahj nweater of reaction and acidic co-products; and
contacting all or a portion of the separated organic liquid with
a neutralizing agent and recovering a low-boiling oxygenated
20 product having a low content of acidic co-products; and
contacting the high-boiling organic part 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-
25 containing compounds and under conditions suitable 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 oxidized phase of the reaction mixture;
30 and
contacting the oxidized phase of the reaction mixture 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 high-boiling product containing less sulfur and/or less
35 nitrogen than the high-boiling fraction.

16. The process according to claim 15 wherein  the
immiscible phase is formed by admixing a source of hydrogen
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or gani ¢ conpounds; separating at |east a portion of the inmm scible peracid-
cont ai ni ng phase fromthe oxidized phase of the reaction m xture; 30 and
cont act i rgotobmexxs di zed phase of the reaction m xture w trca/ussmbisos
sorbent, an ion exchange resin, and/or a suitable immscible liquid
containing a solvent or a soluble basic chem cal conmpound, to obtain a

hi gh-boi | | nﬂ?él*o%’ &t an@ndAi pilahyRITeperdkide, and/ aliphesic Mondidarbegylichan

t he hi gh-boi g@i action. 236. e gr ocess gccording to claim15 wherein
the immi sci*}ﬂla ésté’ aboyt, n%%f-[’@s? oM A99aVAEFce of hydrogen 58 WO
02/ 062925 PCT/ US02/ 01394 peroxide and/or al kyl hydroperoxide, an aliphatic
nmonocar boxylic arfd of Thet opeduess Gaawrdmg attorsclasmd Wat ewhetdin Thbe

process according..teo clai (= £ Sicd i or, by
har xi ng hydm%%aé@? IR I SUAER By, A8 LB 35t ot el
accordi n§ t aadaandiwatberein at least a portion of the separated
peraci d-contai ning phase is recycled to the reaction mxture. 19. The

process accordingjgo clénpractsy ta@ordpriosciam 105 bivhBeeing At 1égasta a

portion of the |ow hoiling ox nat ed .groduct. .with at | east ortion of
t he hi gh- boi PPHEPIbr oﬁb&sga%%t%gi Rerad 'S%WBII?%rPr}F"eSﬁ h%f?c%(ﬁgﬁdi%g}?lgf
transport at i gactieadl midQurdhe process according to claim15 wherein the
oxi dation feedstock is a high-boiling distillate fraction consists 15

essentially of matgri 0j 1 b boyt ! u :
derived from hydr,% T ei?ggbg&gsrg ?ﬁﬂrlngstcfgeg%ﬂ%gs RSP éomﬂﬁ@slﬁg
blending at least a portion of the low-boiling oxygenated product
with at least a portion of the high-boiling product to obtain

components for refinery blending of transportation fuel.

20. The process according to claim 15 wherein the

oxidation feedstock is a high-boiling distillate fraction consists

15 essentially of material boiling between about 200° C. and about
425° Cderived from hydrotreating of a refinery stream.
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