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15 The oxidation feedstock is contacted with an immiscible phase
comprising at least one organic peracid or precursors of organic
peracid in a liquid phase reaction mixture. Maintaining the reaction
mixture substantially free of catalytic active metals and/or active
metal-containing compounds is an essential element of the

20 invention. Blending components containing less sulfur and/or less
nitrogen than the oxidation feedstock are recovered from the
reaction mixture.  Advantageously, at least a portion of the
immiscible peracid-containing phase is also recovered from the
reaction mixture and recycled to the oxidation. Integrated

25 processes of this invention may also provide their own source of

- high-boiling oxidation feedstock derived from other refinery units,
- for example, by hydrotreating a petroleum distillate.

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

preferentially compounds in which a sulfur atom the sterically

30 hindered are oxidized rather than aromatic hydrocarbons. Products

can be used directly as transportation fuels, blending components,

and/or fractionated, as by further distillation, to provide, for
example, more suitable components for blending into diesel fuels.
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are 31gn1ﬁcantly varied, al crudes contain su ur compounds and

most contain nitrogen compounds which may also contain oxygen,

20 but oxygen content of most crudes 1s 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 in 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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For fuel %b esetfl gﬂgfn% Hdle 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 particularily the heavy-duty diesel engine, are significantly
different from the spark ignition internal combustion engine
(gasolme engine) due to two factors. First, the conventional three
way catalyst (TWC) catalyst is ineffective in removing NOx

_ emissions from diesel engines, and second, the need for particulate

35 control is significantly higher than with the gasoline engine.
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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 NOxemissions 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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20 capital outlay.

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

25 hydrocarbon products. |

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

30 (petroleum fractrions containing at least a major amount of

' material boiling above about 550° F.) followed by treating the

effluent containing the oxidized compounds at elevated

temperatures to form hydrogen sulfide (500° F.to 1350° F.) and/or

- hydroprocessing to reduce the sulfur content of the hydrocarbon
35 material. See, for example, U.S. Patent Number 3,847,798 in the
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number of middle distillate fractions by the oxidation of saturated
cyclic hydrocarbon or naphthenic hydrocarbons in such fractions to
20 form naphthenic peroxides. This patent suggests that the oxidation
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
. deletertous gum initiators. Consequently, gum inhibitors such as
25 phenols, cresols and cresyic acids must be added to the oxidized
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

30  raw, untreated, highly aromatic, middle distillate fractions having a
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, (i} an oxide of a metal of Groups IB, IIB, IIIB, 1VB,

35 VB, VIB, VIIB or VIIIB of the periodic table, or a mixture of (i) and
(). European Patent Application 0 252 606 A2 also relates to
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phase transfer reagent followed by silica adsorption of oxidized

~ sulfur compounds has been described by Collins et al. (Journal of
20 Molecular Catalysis (A): Chemical 117 (1997) 397-403). Collins et
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

25 concentrations of such resistant sulfur components in
" hydrodesulfurized diesel may aiready 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

30 Diesel fuel additive, especially via a Fischer-Tropsch hydrocarbon
) 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-
35 boiling of the Fischer-Tropsch reaction product is hydroisomerizied
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to processing a distill.a dstream to.1Q pr.oduce
a level  of Psﬂfr%}r e g8 eoﬁaﬁﬁ‘ilffﬁé'cz@d ﬂé&sfmmngﬂ@h 15, PeEcente B oduced
by fracti omatighy of wiitveatéditieeavy fraction reduced the level of sulfur from
663 ppm to 310 ppm. However, to obtain this low sulfur level only
20 about 85 percent of the distillate feedstream is recovered as a low

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

25 above disadvantages. An improved process should be carried out

_ 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

30 or nitrogen from a mixture of organic compounds suitable as

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

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




- feedstreaminto a |ight %t’“r';action, whi ch cont ai ns only - fromabout 50 to 100
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remove sWs24629261 |y al |l of the sulfur therein. The 15 desuldsesizaes | i ght
fraction, is then blended with one h& f of the heavy fraction to product a
| ow sul fur distillate fuel, for exanple 85 percent by wei ght of

desul furized |ight fractlon and 15 percent b ht of untreated heavy
fraction reduced the | evel SIMMARY Q B%@E 310 ppm However, to
obtain this low sulfur level only 20 about 85 percent of the distillate

feedstreamls r ERQRhALalaS ﬁl‘dc@%essméﬂér @isélosédt efélue' piIderdn There is,

t herefore, resent n ed flor catalﬁl1 él roceféses to e ated

;aromatic 0(9 nisy, 1"dd?' 1HPEY | | Byd C%?B%ﬂoft@& n paﬁulei(%ul
processes, seldativedo madatione tdfe a5 bcrwoeednsaowtanIMes uﬂribri OVﬁde

_suit Sifésﬂi%@ﬁaﬁﬁ’” ﬁﬁnﬁ#&saﬁ?!ﬁﬁ% glfﬁifétvaéh@n *?ﬂ%ha%ﬁﬁéihg? i on
catal yst captdiningf OWoccomﬂmdsncm bmatmmmgﬁn-nmgemmgt @rgamict ure
of  organi goHRIHON f%s@fﬁ%og.éraéﬁd%h'oﬁg Bih Sl Q11 AP B @orOn P PM 30 or

mtrogenfroma m Xt ure o ni ¢ corrpound surt
conponent s ffR reampepgnis a pomfatlclah lending |¢ﬁutr§naporra;tmxent

condi t1 onswiiichs iayenfiiendlys diy °thed ERVNAIMEALNT { MPHAY ORKOBRIRE
oo 800y BoptEmBIAES, Hie RSyt Enf FaP RRGONS  bote YA A onC oM INSlS,

02/ 062926 esrremjaﬂgrz/ hydsacard BUMMIRY ofF peitED leNENBriinEc wrhoch cat:lomam: esses
are di scl osgfhytor 1o geGkI OMe sl TRBARIS bPnE SA0SEY B ERCARTIGETY

transportatlon Tue Select’ive oxXl on o a pe elim
wher eby th@eSC¢%Eorporat|on of oxygen into hydrocarbon conpounds sulfur-
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hydr ocar boorganier caispound and/or nitrogen-containing organic compound is
oxidized, e.g, the sulfur atom of a sulfur-containing organic
molecule is oxidized to a sulfoxide and/or sulfone.

In one aspect, this invention provides a process for the

20 production of refinery transportation fuel or blending components
| for refinery transportation fuel, which includes: providing oxidation
feedstock comprising a mixture of hydrocarbons, sulfur-containing

and nitrogen-containing organic compounds, the mixture having a
gravity ranging from about 10° API to about 100° API;, contacting

25 the oxidation feedstock with an immiscible phase comprising at
' least one organic peracid or precursors of organic peracid in a liquid
phase reaction mixture maintained substantially free of catalytic
active metals and/or active metal-containing compounds and under

- ~ conditions suitable for the oxidation of one or more of the sulfur-
30 containing and/or nitrogen-containing  organic compounds;
separating at least a portion of the immiscible peracid-containing
phase from the reaction mixture; and recovering a product
comprising a mixture of organic compounds containing less sulfur
and/or less nitrogen than the oxidation feedstock from the reaction

35 mixture. Conditions of oxidation include temperatures in a range
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portion of the inmscible peracid-containing phase separated fromthe 5
oxygenat ed phasemheféd [ factisen i titisr mventiamy thedimmisodle epbesonis

g‘r g;zlrg"%ont I O%@“i%?ﬁé %msgélges?ock %ﬁclp%a‘bkiﬂe glq}ggﬁnc{iy n?n
whi ch the sall{ylhyairopemxmheeracaom}cml @Dedll Rhaticomonocar OXY acl
containing 1 to about 8 carbon atoms per molecule, and water. The
ratio of acid to peroxide is generally in a range upward from about
1, preferably in a range from about 1 to about 10.

20 - - Advantageously, the immiscible peracid-containing phase is
an aqueous liquid formed by admixing, water, a source of acetic
acid, and a source of hydrogen peroxide in-amounts which provide
at least one mole acetic acid for each mole of hydrogen peroxide.
Preferably the ratio of acetic acid to hydrogen peroxide is in a

25 range from about 1 to about 10, more preferably in a range from
about 1.5 to about 5. 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.

30 In one aspect of this invention all or at least a portion of the
oxidation feedstock is a product of a hydrotreating process for
petroleum distillate consisting essentially of material boiling
between about 50° C.-and about 425° C. which hydrotreating
process includes reacting the petroleum distillate with a source of
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20 - In one aspect, this invention provides for the production of
refinery transportation fiuel or blending components for refinery
transportation fuel comprising the following steps: hydrotreating a
petroleum distillate consisting essentially of material boiling
between about 200° C. and about 425° C. by a process which

25 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; fractionating
the hydrotreated petroleum distillate by distillation to provide at

30 least one low-boiling blending component consisting of a sulfur-
lean, mono-aromatic-rich fraction, and a high-boiling feedstock
consisting of a sulfur-rich, mono-aromatic-lean fraction; contacting
at least a portion of the high-boiling feedstock with an immiscible

_ phase comprising at least one organic peracid or precursors of
. 35 organic peracid, in a liguid reaction mixture maintained-
substantially free of catalytic active metals and/or active metal-
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catal ysts containing at least tw netals selected fromthe group

consisting of cobalt, nickel, nolybdgaum and tungsten. More preferably,
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portion of témd abepdr 378U Qer aci d- cont ai ni ng phase to the reaction m xture;
and treating at |least a portion of the recovered organi ¢ phase with a

Sontaining a sol vererol ooy BiilsaiBlE BerfoRtchite ik i o 4 ¢
‘aqueous liguid 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.

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,
bar_ium, calcium and magnesium in the form of hydroxide,
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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wherein the sol \fenother as
pects of this invention, continuous processes are
provided wherein 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 (i) 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 ip
greater detail in the accompanying drawing and descrlbed below by
way of examples of the mventlon

BRIEF DESCRIPTION OF THE DRAWING

30 The drawing is a schematic flow diagram depicting a preferred
aspect of the present invention for continuous production of
components for blending of transportation fuels which are liquid at
ambient conditions. Elements of the invention in this schematic
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GENERAL DESCRIPTION

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 APl gravity ranging from about 10° API to about 100° API,
,preferably from about 20° API to about 80 or 100° API, and more
preferably from about 30° API to about 70 or 100° API for best

25 results. 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

- 30 thereof. 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
35 preferred streams are light virgin naphtha, catalytic cracking
naphthas including light and heavy catalytic cracking unit naphtha,
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components for refinery transportation fuel obtained from the

~ various alternative feedstocks may be comparable. In these cases,

20 logistics such as the volume availability of a stream, location of the
nearest connection and short term economics may be determinative

as fo what stream is utilized.

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

and the hydrocarbons.
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éronstéd - Lowry base (proton acceptor) as well as a Lewis base
20 (electron-donor). This pair of electrons on the atom makes it
vulnerable to oxidation in manners similar to sulfides.

As disclosed herein the oxidation feedstock is contacted with
an immiscible phase comprising at least one organic peracid which
- contains the -OOH substructure or precursors of -crganic peracid,
25 and the liquid reaction mixture is 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.
Organic peracids for use in this invention are preferably made from

30 a combination of hydrogen peroxide and a carboxylic acid.

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

35 the organic peracid is selected from the group consisting of
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the stoic JOrergence Sf ore perac?& tﬁe sulfoxide is t%rtciler converted to the
sulfone, presumably by -the same mechanism. Similarly, it is
expected that the nitrogen atom of an amine is oxidized in the same

20 manner by hydroperoxy compounds.

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
25 areaction mechanism.

By contacting the 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

30 into their corresponding sulfoxides and sulfones with negligible if

' any co-oxidation of mononuclear aromatics. These oxidation
products due to their high polarity, can be readily removed by
separation techniques such as sorpfion, extraction and/or
distillation.. The high selectivity of the oxidants, coupled with the

35 'small -amount of. tightly substituted sulfides in hydrotreated
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proceed. Typically, temperatures upward from about 10° C. are
suitable, .al_ld sufficient pressure to maintain the reaction mixture
- substantially - in a liquid phase.  Preferred temperatures are
20 between about 25° C. and about 250° C, with temperatures
between about 50° and about 150° C. being more preferred. Most

preferred temperatures are between about 80° C.and about 125° C

Integrated processes of the invention can include one or more

selective separation steps using solid sorbents capable of removing

25 sulfoxides and sulfones. Non-limiting examples of such sorbents,

commonly known to the skilled artisan, include activated carbons,

activate'd bauxite, activated clay, activated coke, alumina, and silica

gel.  The oxidized sulfur containing hydrocarbon material is

| contacted with solid sorbent for a time sufficient to reduce the
30 sulfur content of the hydrocarbon phase.

Integrated processes of the invention can include one or more

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

35 base for a time sufficient to reduce the acid content of the
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In carrying out a sulfur separation step according to this
: mventlon pressures of near atmospheric and higher are suitable.
20 While pressures up to 100 atmosphere can be used, pressures are
generally in a range from about 15 psi to about 500 psi, preferably

~ from about 25 psi to about 400 psi.

_ Processes of the present _invention advantageously include

. catalytic hydrodesulfurization of the oxidation feedstock to form

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

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

aqueous liquid, Where the oxidation feedstock is a product of a

process for hydrogenation of a petroleum distillate to facilitate

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

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

~is the stoichiometric amount necessary to oxidize the tightly

s'ubstituted sulfides contained in the hydrotreated stream being

‘treated in accordance herewith. Preferably an amount which will
oxidize all of the tightly substituted sulfides will be used.
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of any one, ca g cr Reavy catalytic cycle oils, and distillate

- boiling range products from hydrocracker and resid hydrotreater

‘facilities.  Generally, coker distillate and the light and heavy

20 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-

aromatics and di-aromatics with a smaller portion present as tri-

aromatics.  Virgin stocks such as high and low sulfur virgin

25 distillates are lower in aromatics content ranging as high as 20

percent by weight aromatics. - Generally, the aromatics content of a

combined hydrogenation facility feedstock will range from about 5

percent by weight to about 80 percent by weight, more typically

, from about 10 percent by weight to about 70 percent by weight,

.30 and most typically from about 20 percent by welght to about 60

percent by weight. -

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

35 barrel of crude capacity, and the alternative dispositions of
distillate hydrogenation feedstock components. The higher sulfur
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relatively mild conditions in a fixed, moving fluidized or ebullient
- bed of catalyst. Preferably a fixed bed of catalyst is used under
20 conditions such that relatively long periods elapse before
regeneration becomes necessary, for example an average reaction
zone temperature of from about 200° C.to about 450° C, preferably
from about 250° C.to about 400° C, and most preferably from
about 275° C.to about 350° C. for best resuits, and at a pressure

26 - within the range of from about 6 to about 160 atmospheres.

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

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

According the present invention, suitable distillate fractions
are preferably hydrodesulfurized before being selectively oxidized,
and more preferably using- a facility capable of providing effluents

- of at least one low-boiling fraction and one high-boiling fraction.
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| reactor can also comprise a plurality of catalyst beds. The plurality
20  of catalyst beds in a single fixed bed reactor can also comprise the
same or different catalysts.

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 Teactor shell, can
25 be employed. At least a portion of the heat generated from the
hydrogenation process can often be profitably recovered for use in
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
30 - injected directly into the reactors. Two-stage processes can provide
reduced temperature exotherm per reactor shell and provide better

~ hydrogenation reactor temperature control.

The reaction zone effluent is generally cooled and the effluent
| stream is directed to a separator device to remove the hydrogen.
35 Some of the recovered hydrogen can be recycled back to the
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Operating conditions to be used in the hydrogenation process

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

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

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

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

30 hydrogen circulation rates below these ranges can result in higher
catalyst deactivation rates resulting in less effective desulfurization,
denitrogenation, and dearomatization. Excessively high reaction
pressures increase energy and equipment costs and provide
diminishing marginal benefits.
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Furtheér reduction of such heteroaromatic sulfides from a

distillate petroleum fraction by hydrotreating would require that
20 the stream be subjected to very severe catalytic hydrogenation in

order to convert these compounds into hydrocarbons and hydrogen

sulfide (H2S). Typically, the larger any hydrocarbon moiety is, the

more difficult it is to hydrogenate the sulfide. Therefore, the

residual  organo-sulfur  compounds remaining after a
25 hydrotreatment are the most tightly substituted sulfides.

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

30 selective removal of sulfur or nitrogen from oxidation feedstocks.




24 The hydrogenation proze?s typically operates at a-1iquid hour | y space
velocity of from about 0\ 2 hr-1 to about 10.0 hr-1, ! rbreferg@dmyfzb@gn about
0.5 hr-1wi@olsesss 3.0 hr-1, and nost preferably from ab(i‘('fr/(?sog’mﬁ%'l‘l to
about 2.0 hr-1 for best results. 5 Exgessively high space velocities wll
result in reduced overall hydrogenation. Useful catalyst for the
hydrotreating conprise a conponent capable to enhance the incorporation of

hydrogen into a m'x gkgi.-nrq ?mmm at | east
hydr ogen sul fi de, catalyst” support comnponen tal yst support

conponent typlcally conprlses a refractory inorganic oxide such as silica,
al um na, or sililh-endeRi . beler acomMUNIGHGathe PResRIY, Inyentign, e SHby use

.in the pressﬂéthd?VgPéfé?Fedpé eeiaefxrl@aﬂﬁemﬂﬁrq di% rs hfigall
about 50 to.ab nor.e e out 8

r
about 150 AHbd e oEaWing  oReforting (oW gt s §119 2 diABIAYL .
. support Es:orrmmantmtyrphqﬁﬁls stregfn ack qnyddleorcnsnllatWI flonsuah resm?d m na.

pet 1o eum 1 oA 2ojS hparerd CORBHEIsoRdtt. gf Tad idBiSsis” rRacls E e

subjected té& gamouse\mneucet acbmamntg/oﬁm_mhagenn(mlecnllar thydrogen)t i hese

f:orrpounds ' hé(&i a?ga&%‘i”%}a"froﬁx“ ft?x% ('&8}1 ré@lﬂ%nyl Lyurdd®
ar ger any rocar uIt hydr'ogenat e
the sul fi-del &onrlr%t lrés.@aéameg%ﬁr&tgmz rcqrgmm Q8N 9fieng

gf L er a0 t25ﬁbwaIr Cbefdtiablffrthear@rhéf ?mtsuxfﬂeggﬁi y c%t&tlsrtstt uwa@btsulﬁa»d;ez a
ubsequen ot.reati ataly rogepation a ose

her ei n, fur{]ﬂgra/% %‘&?F\H‘Cﬁ@ﬂ%\% of sGF%'?{ or nll%?rr ogen 886“1@1'}%3{%01& gani c
conrpounds cdeniteogernaings,i simell dgardmatizatiomovhmiiddlef destibates nt o Thech
conpounds t fer nS ve ogen
from oxi dat f&;an? eefgéf %0%%55{%% %S@&M@W%z Bﬁéﬁ#%f’%ﬁi}éﬂ

DESCRI PTI OMlew ofithehrpudrand . to better communicate the
present invention, still anot her pr ef erred aspect of the invention is

depi ct a5 schenatOngldymore beds of catalyst and subsequent separation and
distillation operate together as an integrated hydrotreating and
fractionation system. This system separates unreacted dihydrogen,

hydrogen sulfide and other non-condensable products of

- hydrogenation from the effluent stream and the resulting liquid

20 mixture of condensable compounds is fractionated into a low-
boiling 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
25 separation drum 24 through conduit 22. Unreacted dihydrogen,
hydrogen sulfide and other non-condensed compounds flow from
separation drum 24 through conduit 28 to hydrogen recovery (not
shown).  Advantageously, all or a portion of the unreacted
hydrogen may be recycled to catalytic reactor 20, provided at least

30 aportion of the hydrogen sulfide has been separated therefrom.

Hydrogenated liquids flow from separation drum 24 into
distillation column 30 through conduit 26. Gases and condensable
vapors from the top of column 30 are transferred through

- overhead cooler 40, by means of conduits 34 and 42, and into
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the liquid phase with a gaseous source of dioxygen, such as air or

oxygen enriched air. For the purpose of the present invention, the

term “"oxygenation" is defined as any means by which one or more

_ 20 atoms of oxygen is added to a hydrocarbon molecule. Particularly

suitable catalytic oxygenation processes are disclosed in commonly

‘assigned U.S. Patent Application Serial Number (37,248A) and US.

- Patent Application Serial Number (37,248B). . .

. A stream containing oxygenated organic compounds is
.25 subsequently separated to recover, for example, a fuel or a
blending component of fuel and transferred to fuel blending facility
90 through conduit 32b. The stream can alternatively be utilized

as a source of feed stock for chemical manufacturing.

A portion of the high-boiling liquid at the bottom of column

30 .30 is transferred to reboiler 36 through conduit 35, and a stream

of vapor from reboiler 36 is returned to distiilation column 30
through conduit 35. -

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




- condensed organi ¢ conpourids suitable for reflux is returned from5 overhead
drum 46 to columm 30 thrlough conduit 48. Other portins of ¢ h@y eepsiensat e
are benewoaizabloys r ecycl ed from overhead drum 46 to sepap@fmgﬁﬂﬂgym 24
and/or transferred to other refinery uses (not shown). The [ ow boiling
fraction having the m nor armunt of sulfur- 10 containing organi c conpounds
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bl ending facilit rou ndui be apparent that this
ow boi i netor PEAAtAN TERGHAT O HHONE: Condpl donat i on | o a val uable

product in itself. Beneficially, all or a portlon of the | ow boiling
fraction in 15 Anbahariscileyphaspiinchmlingi at deastr lpedafcétmtmmandwor 32a
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stock for chemtca acturlﬁ% |on8 the h| I quid at
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35, and a strea of v or fromreboiler 36 is refurned t sfiljation
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t hrough cormixturss. Whlle a portion of the immiscible phase may be returned
directly to reactor 60, according to the embodiment illustrated in
the schematic flow diagram the phase is withdrawn from drum 64
through conduit 66 and transferred into separation unit 80.

20 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.
Acetic acid and excess water are separated from high-boiling

sulfur-containing and/or nitrogen-containing organic compounds as

25 by distillation.  Recovered acetic acid is returned to oxidation
reactor 60 through conduit 82 and manifold 50. Hydrogen

peroxide is supplied to manifold 50 from storage S2 through
conduit 54. As needed, makeup acetic acid solution is supplied to
manifold 50 from storage 56, or another source of aqueous acetic
30 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-
-containing and/or nitrogen-containing organic. compounds are
transferred through conduit 84 and into catalytic reactor 20.




An imm sci bl e phase inctuding at |east peracetic acid and/or other organic .
peracids, is supplied‘td oxidation reactor 60 throdgh 5 magy il 8p9. The
l'iquid rweaxédosre2ei Xt ure in oxidation reactor 60 is maint gcpResHASE antially
free of catalytic active nmetals and/g active netal -contal ni ng conpounds
and under conditions suitable for oxjdation of one or nore of the

sul fur - cont ai ni nghenseparated tphagenof the ateactignoryature doomodrdm 64i isabl y
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acetic acid is rhiuvied tof ¢hé ddeaturesr eamd ondéaAntdgesugof cpnocesses?2 iand
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phase of th&? Mﬁlo KOQWRe des Zahien |§5 ems PreVlOUSIY use
 following examples are given. The following examples are

illustrative and are not meant to be limiting.
20 GENERAL

| Qxygenation 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) a,,a'lysis of feed
25 - (percent C + percent H) analysis of oxygenated product

EXAMPLE 1

In this example a refinery distillate containing sulfur at a

level of about 500 ppm was hydrotreated under conditions suitable

. to produce hydrodeSulfurized distillate containing sulfur at a level

30 of about 130 ppm, which was identified as hydrotreated distillate

150. Hydrotreated distillate 150 was cut by distillation into four

fractions which were collected at temperatures according to the
following schedule.




- supplied to vessel 70 through conduit 68. Vessel 70.€ontains a bed of
- solid sorbent which exhibits the ability to retain acidic 384/10bos4 her
pol ar coYsbl2#d2926 t o obt ai n product containing less 5 sul b ‘%%7 ess
nitrogen than the feedstock to the omidation. Product is transtérred from
vessel 70 to fuel blending facility 90 through conduit 72. Preferably, in
t his enbodi nent a system of Rraet@n nore 'Tgﬁﬁeqﬁﬁnggnto@ ning solid sorbent,
.configured for parallel flow, is used to all'ow continuous operation while
one bed of 10 sorbent is regengrated or repga - 260 view of the features
and advant ages of processes in accordance wth thrs i nvention using
sel ected organic peracids in a 2liquid phase26@aaoi 288ni xt ure nai nt ai ned
,Substantially free of catal yti% active meta#g and/gi active _
met al - cont ai ni ng conmpounds 15 t0 preferentia §/ dQi 4#%e conmpounds in which
a sul furSatomis sterically higdered rather shhas ?rlgmati ¢ hydrocarbons, as
.conpared to known desul furization systens previously used, the follow ng

exanpl es are giv ol i lgs,.are i(Llustrative and are not
nmeant to be | "?‘?‘ﬁgﬁgot’&k@%@%ﬁ%&@ﬁ@ﬂ%f'15 hyiesc dhisoTapged @t was
ydrogen anatenticn idee 9-@58@ : ion. percent, =
(percent C g pergcent ?)6 g}l yg(l)Fs} 0 fg’ggﬁ‘b%%@%ﬁ%@ﬁ?r% wﬁgpcéﬂ{lgﬁ)
anal ysi s of 8%/ : tedb ofude abowtvA08° (nsplifss hyxdrosreated: edistidhage
Cnder  condi fpne o oastordeatt mokewomaicaien: (PRYGP G a YA o2 o
cont ai ni ng lé% fﬁlra%qatrgmagefé'll%g g‘?acg’fﬁﬂﬂ 130 ppm which was identified as
hydrotreated distillate 150. Hydrotreated distillate 150 was cut by
distillation into four fractions which 'f%l% fol | ected at tenperatures

according to the following schedule. --=¢¥¥2-----. 29 July 2005 WO
021062926 PCTI US02/ 01157 29
16 - ANALYSIS OF DISTILLATION FRACTIONS OF HYDROTREATED
DISTILLATE 150
Fraction Number
Item | 1 2 3 4 Total
20 Weight, % 45 21 19 16 100
- Sulfur, ppm 11.7 25 174 580 133
Mono-Ar, % 40.7 26.3 156 14.0 28.8
Di-Ar, % 0.4 5.0 54 5.6 3.1
Tri-Ar, % 0. 0 0 0.8 0.1
25 '

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

EXAMPLE 2

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

of about 15 ppm, which was identified as hydrotreated distillate 15.




Fraction Tenperatures,”C 1 Below 260 2 260 to 288-,3 288 to 316 5 4 Apove .
316 Anal ysis of . hydrotrefat ed distillate 150 over ’this rangezgﬁu|y2005

di stil | awoerieseszspoi nts is shown in Table |. I n accordanggyydyhy Dﬁ?

i nvention a fraction collected bel ova@a tenperature in the range rom about
2600 C. to about 300 C. splits hydrotreated distillate 10 150 into a

sul fur-1ean, nonAnalysig i of r hydrotreatédn distillates ullBurever cthe ran e of

s o L s Soup iy PR T Fboibnkt] i, ™
Wi ght, % 4nvention 1% fractiosucpllectedphelow? @3envpessore3dn temorange % 40. 7

26.3 15.6 1foth aboRt TWO°AC, t(%a(Boﬁt 53,60°5c43511@s Cﬁ;ﬂdroﬂea&rd &fcsauqt@ 958 0.1

. 25 Mono.Ar .is nong tics. D-Ar eth | CS f} :
oot e, iESowp BBuFEan; cnoRoRtPmalirich cRAcHa | ande & sURWI-Fi

sul fur at anod@arematioicambofractiol. ppm was hydrotreat ed under condltlons

suitable to produce a hydrodesul furized distillate containing sulfur at a

level of about 15 ppm which was’'identified as hydrotreated distillate 15.°

29 July 2005 WD 02/062926 PCT/ Us0210119mbleollAnal ysis of hydrotreated
distillate 15 over the range of distillation cut points is shown in Table

1. I n accordance vm'thth ri E ﬁ Lon coll ected bel ow a
tenpera ure in the rangé fﬂagﬁébé tﬁg%’gnéd O FRAGIIONS @Elts
hydrotreated distillate 15 5 HNDROTREATED BASTINPAGE gqsatic-rich fraction
and a sul fur-rich,

Fraction Number

Item 1 2 3 4 Total
15 Weight, % 53 16 20 11 100
Sulfur, ppm 1 2 13 80 12.3
Mono-Ar, %  35.8 20.9 14.8 12.0 5.6
Di-Ar, % 1.3 8.0 7.4 5.6 4.0
Tri-Ar, % 0 0 0o 1.4 0.2

20

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

EXAMPLES 3 -6

Hydrotreated refinery distillate S-25 was partitioned by

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

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

35 ppm, and aromatic content was 157 percent mono-aromatics, 5.8




nonearomatic-lean fractipon, Table Il 10 ANALYSI S OF -Bl STI LLATI ON FRACTI ONS
OF HYDROTREATED DI STI LLATE 15 Fraction Nunber Item 1 2 3 4g9Jaabgs 15

Vi ght, WoG3/0882@0 11 100 Sulfur, ppm1 2 13 80 12.3 Mpgpudize1¥sB5. 8 20.9
14.8 12.0 5.6 Di-Ar, %1.3 8.0 7.4%.6 4.0 Tri-Ar, %9000 1.4 0.2 20
Mono-Ar is nono-aromatics. Di-Ar is di-aromatics. Tri-Ar is tri- aromatics.
EXAMPLES 3 pemerydditarematics, efander L. 4diparcentt drisapgnatics pafari ta otei@lby 25

distillatiog aﬁ&ﬁvdm_geﬁg%é}ﬁk for oxidation using hydrogen peroxide

and acetic acid. The fraction collected bel ow tenperatures of about 300 C.
was a sul fur-lean, no romatic-rich . fracti L.dentified as S-25- B300.
Anal yses of S- Zgﬁ'égoéri%g)ef&?’rﬁm'ﬁeg&l FQHmigﬁ?@ﬂm ask ﬁﬂM‘pBeﬁii Wr‘ggen
“gpntent of @ ruftax 3Qoﬁdénsl'ﬁ-,2a mcimnﬁ?mh)rwgiaamm hcslitrﬂ)gS?pdnl?qstntand

i-aro ic or tota ics : cenrt. acti.o

col | ect &d aﬁ%@%t’ fv%ﬁefzgﬂﬁeao@ ago?f %gé'%ﬁwas ?hé;u}%ﬁ;tohg%s also

. nonoar omat i changedr withavarying denountsedfaglagials-acgto. agwdal distidlesk ands- A300
det er mi ned a.:suk e f ' g : n 3L 3 m and
aromatic co@i?z)m i%sﬁgfo&?rgﬁledr) (?eo’rgl‘?) eﬁgﬁ%t %@Hﬁﬁc?}%g%zgﬁtpﬁém%%mgrﬂs\o

02/ 062926 POTKUBE2AD heaved 3 ithe SHEHDEI AN BRAET c8 S oW pERidhpgen
tri-aromatigs Sﬁg%xﬁnh&ﬂ?: §3are.nﬁ$ bos Of fot2afpeskipedfely | t0® BodhQ Mat

t hree-neck r.o boft.om sk equi.pped with " a reflux,condenser
mechani'Cal W& eadopt the r‘fF??%%rPerrﬁg& %é‘?‘ufg‘%atb(lﬂ I‘?@?W&%r%‘a{ﬂ%@ g of
S- 25- A300. c‘[fmgw efpalskorapiﬂ dfrmehangedwe tdiquidr Jaywysandusampdé of sheal
acetic aci 2] | t r
acet [0 2! dogl ey (kAR wit' WItAEFLWA' Gha BEfydPaR SARh ARHGAKSus
_ sodium sulfate. Contents of the flask was stirred and permitted to
cool to ambient temperature before approximately 0.1 g of
15 manganese dioxide is added to decompose any residual hydrogen
—--——peroxide. —At this- point;the-mixture—was—stirred--for an additional —
10 minutes before the entire reactor content was collected.

| Table III
20
EXPERIMENTAL PARAMETERS AND ANALYTICAL RESULTS
FOR OXIDATIONS OF LS-25-A300
 EXAMPLE 3 4 5 6
25 H0p,mL 34 34 34 34
HOAc ,mL 0 25 50 75
H20, mL 100 75 50 25
Sulfur Aq, ppm <2 <2 . 13 14
| Sulfur Org, ppm 33 30 21 | 18
30 -

HoOp is 30 percent hydrogen peroxide. HOAc is glacial acetic acid.
HyO is distilled water.

Table III gives variables and analytical data - which
demonstrate that increasing concentration of acetic acid increases
35 concentration of total sulfur in the aqueous layer. Increasing the




m xture is heated with-stirring and under a sllght flow of mtrogen
approximately 93 C. to 99 C. for approximately two/hours. zhgﬁend of
t he r eaowb@apseé 0d, the agitation ceased and the conten% E'z’, 1*}53; | ask
rapidly fornmed into two liquid layerss. A sanple of the ayer (organic)
was Wit hdr awn and dehydrated wi th anhydrous sodium sulfate Contents of
the flask veyektofr aeaticaragihesausedesuifnr d¢nothet rgamicedayernpedecnegsdef or e
appr oxi maf gy 33 Epn‘ﬁf ﬁe@%ﬁeéﬁxﬂ)%héﬁca!té gﬁ@e@ht&sgﬁﬁ%?pgﬁe%@m

resi dual hy - - erg n@f
was- st i rredl- pé?ﬁent Hmyeian is. thfo“ﬁ? §§gﬂiﬁ€opéf4q1\d5emhﬁfe theaict or

ReSULT “’a&‘“‘bb*‘?b%‘?““"’“mb*‘%a*"“’d 2&’ WL&W*&?&‘A ”‘%‘%@L%ﬁ
34 HOAR, O%Q@H %Nalglﬁ&f “Pufr ? é‘%ﬂ 213 14

sul fur Or g, cqabnmatcﬁm Zpr&&ra:bd)y Hfmml abBﬁt pbrt{er&bdlydrfbgmmbpﬂr taxonlfs HOAC
is glacial @Eﬁ%ﬁd Qcif ' Was s'ﬂ%gvﬁ Stc?"e?& Adte% ‘t(\@ﬁ sﬁﬁ%ecb{ﬂrp lﬁsS ) abl es

and anal yt| data Whl ch enonstra I ncr easi ration of
acetic aci dhpneresniephage shdate rfé\lel éﬁUQﬂUSopbﬂS%ul thout agetigqaeidus

| ayer. | nchrpnbhigehbre %ulfu?gtrdﬁhf’erz@ﬂt% tHO ﬁa?g\bkﬁsg%&ﬂﬁa 32

| evel of acetic acid caused fur in the organic lTayer to decrease from

35 ppmlloThese data clearly |nd| cat E&Uﬁﬁ’.ﬁ‘?ﬁﬁ ssential elenent of the
present~of invention is the use of raci ds where the carbonyl

carbon is attached to hydrogen or a hydrocarbon radical. 5 In general such
hydrocar bon radildpdrotoeatednsréfinery tdisdblawt B225cawhen prroitioned eftey abl y

oxi ai zed- s SistflafB ko Rro% 8 & ABok B idatiof, e, B TpbRigibl8c"
phase. thmleoaéetsohltm@lp ase contammg hydrogen peroxide and acetic
~acid. The fraction of S-25 collected above temperatures of about
15  316° C. was a sulfur-rich, monoaromatic-poor fraction identified as
S-25-A316. Analyses of S-25-A316 determined a sulfur content of
80 ppm and a nitrogen content of 102 ppm.

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

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

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

of total sulfur.




no notlceabl e sulfur tramsfer into the aqueous phase--was observed. 10
EXAMPLE 7 Hydrotreated reffi nery distillate S-25 wast parti ti 959¢, Byos

di stil | av0oomed2e2¢0r ovi de feedstock for oxidation using anp ﬂp}s ﬁ]qgé

aqueous sol ution phase containi ng hygrogen peroxi de and aceti ¢ acid. The
fraction of S-25 collected above tenperatures of about 15 316 C. was a

sul fur-rich, nonoaromatic-poor fraction identified as S 25-A316. Anal yses
of S-25-A316 determ ned a sul fur cBXAMPLOE 880 ppm and a nitrogen content
of 102 ppm A 250 mL, three-neck round bottom flask equi pped with a reflux

d t 2 | et
Sd out et “yne Torcebnd' cidatiof of By F@@@g' bRy Yallatd S0 ' ©
_acetic aci d\g\ﬁé V@S M@Ct%cﬂsldeﬁﬁﬂ bedoan Expmplech byechaiging 1‘% mmlxt ure
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of the q%%P 227t5 @)rf d3tBE‘§I ‘%IHI'OTHFP and DR ﬂﬂgg@us olawar ppm
sul fur and dﬁntzmmr@dnﬁﬂrpggn sulhntents of the flask was agal n stirred and

cooled to roomtenperature. At roomtenperature, approximtely 0.1 g of

nmanganese di oxi de (Mh02) ‘was "added se any excess hydrogen
peroxide and stirring continued foﬁwggp% nutes. The 30 entire contents

of the flask were then paoured into- a bottle with a vented cap. Analysis

of the bottom | &ytentsqeédhs) fiaskinin bmtlppExampleolandsnﬂxample48a“}e&9 July

2005 WO 0 PCZ/

hydrot 8at g:gﬁf?gfﬁ?@ c;Idlb@'?‘?d er% %%%@@%ﬁ?&dﬂ%qﬁé@ﬂ?l ed in
9

Exanpl £07 spmiHaed; 0 ot eaxperameats.bul heoorganie . layer
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renoved, | eemiovgdaha ndaeuurho fdmanlmedtln:r g'a]mratel w;aerpéraxmztm fthﬁmnlgﬂi ment s.
The organi gnb@y¥R" alumina so that the filtrate to alumina ratio ranged from 7:1
1_5 ~to 10:1. Analysis of organic layer emerging from the alumina was
- 32 ppm of total sulfur and 5 ppm of total nitrogen.

EXAMPLE 10

A hydrotreated refinery distillate identified as S-150 was
partitioned by distillation to provide feedstock for oxidations using
.20 - peracid formed with hydrogen peroxide and acetic acid. Analyses
of 5-150 determined a sulfur content of 113 ppm and a nitrogen
content of 36 ppm. The fraction of S-150 collected above
temperatures of about 316° C. was a sulfur-rich, monoaromatic-
poor fraction identified as S-150-A316. Analyses of S-150-A316
~25 determined a sulfur content of 580 ppm and a nitrogen content of
147 ppm.

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

30 was charged with 1 kg of S-98-A316, 1 liter of glacial acetic acid
and 170 mL of 30 percent hydrogen peroxide.




was dried over anhydrous sodiumsulfate to renove- -any residual water from .
" the process. After the spent sodium sulfate was renoved V|§9\\4§| L

fi Itratlwmogvdagpzfgl ltrate was percolated through enough g,htf g.,that t he
filtrate to alumna ratio ranged frogp 7:1 15 to 10:1. AnaIyS|s o organic

| ayer energing fromthe alumna was 32 ppmof total sulfur and 5 ppm of
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reaction time of After the re CtIO ti me. h

ut‘es.
contents coRPRYCHES ‘FHE? 2E112tIy WAS | eﬂhéewmdngm%nﬁtq
‘renoved. Atof dpprmicitume chas édoled. td approkimiacelywaS© sCoihedagirasohawidsy

one of Cho FEIE E#yqlﬁf’ﬁr%%w”%%ﬁ‘??fqd@ i ag@gs%é?spﬁﬁ@@% Jabp g

deconpd$e asgparateaschichngerurged wnmedidtelyM xi ng of the contents with the
agitator was then resunmed until the tenperature of the m xture has cool ed

to apprOX' matel yTRE Gotibhe 38Vér! Wi WRnoved and retained for further
analysis in a lightly capped bottle to permit the possible evolution
of oxygen from any undecomposed hydrogen peroxide. Analysis of
the bottom layer was 252 ppm of sulfur.

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

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

EXAMPLE 11

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

- 35 identified as sample ME11-1.




. ceased to allow both orgam C (top) and aqueous (bottom Iayers to
.separate, which occurre i'mredi ately. The bottom | adyer was &IV S @nd
ret ai nedwicPfaheng her analysis in a lightly capped bottlg t&s 1‘ t he

possi bl e evol ution of oxygen from g%y undeconposed hydr 8 |de

Anal ysis of the bottomlayer was 2 ppm of sulfur. 20 The reactor was
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| ayer was collected and saved for analytical testin A 50 nL portion of
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portion of fres hanol s added to the ontai nin e remaini ng
100 L of pH¥Ru er?h@ef%n tﬁg%ﬁ’ﬁﬁf%%ak dntteme fﬁﬁf(him@l vy €3l | oned

to Iseltoar:rcalt ewadheoblettedn aritbt Saved If@fyeanmmﬁpl k@ﬁixﬁgi ansosaﬁgd o’fbrthe
anal ytica

t duct
was col | ectBﬁOf#Lb?r}g ‘Saﬁﬁﬁﬁﬂeélalfb‘f &qu)ﬁﬁcaﬁdteﬁHBﬁt Pﬂaag&é&ﬂ Hg%éeﬁﬁﬁliﬁ UCI nt o
the remai ni MEEB30l Jheprawilgticah résultsinobtaing@ nfor ofthisf r esdmpibé harel was

‘added. The I shaken and the two layers were allowed to
OB AR

separate. e bot ol layer 10 was collected and saved for
anal ytical testing. 50 nL of the \E/EOdUCt Is collected for anal yti cal
testi ndﬁand identified as sg Q | 1-3. The analytical results obtained

for thi's exREIECHON OFSVLIUR BAGTAM ACID NUMBER

BY METHANOL EXTRACTIONS

Sample TAN, | Sulfur,

‘ mg KOH/g ppmw
PS-150-A316 0.11 143
ME11-1 - 0.02 1 35

ME11-2 0.02 14
ME11-3 0.02 1T

20 These results clearly show that methanol was capable of

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

25 . EXAMPLE 12

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

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

allowed to separate. The bottom water layer was collected and

saved for analytical testing. The hydrocarbon layer was collected

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




15 Table IV REDUCTICN'CF SULFUR & TOTAL ACI D NUVMBER BY METHANOL

EXTRACTI ONS Sanpl e TAN, ‘Sul fur, mKOH nw PS-150-iA316 O. 13g ;,6@ e 1- 1
0.02 35 wiEkMe®26. 02 14 MEI1-3 0.02 7 20 These results cﬂ(ﬁﬁgﬁmﬁgpw t hat
met hanol was capabl e of selectivel yz¢ enoving oxidi zed sul fur conpounds.
Additionally, the acidic inmpurities were also renoved by net hanol
extraction. 25 EXAMPLE 12 A separat or yiablerdél was charged with 50 niL of
PS-150- A316 and 50 nlL water. The funnel was shaken and the |ayers were

al l owed to separate. H?ﬁﬁ{ TE?W saved for
anal ytical testing. éTrlocargggmlr‘ayer was colfecte or anal yti cal
testing and identdiH-edas—El2-1W_TableV presents—theseresults. . 29
July 2005 WO 02/jo629%&mpla| us(2/ 0ThAN 36| Nitregen repWfRON] OF SULFUR BY
WATER EXTRACTI ON | Sanpl e TAN Nilt nug&OHig f ur ppmiOH| rppmew P$- 150- A316 0. 11°
4 143 E12-1W---| pPS1060- 4 30 |wat ea_qutrgFtlom resyl tsM‘jmw t hat water was

useful to renove OXih sutrfar coTrpoum e grstygdats | ayer.
EXAMPLE 13 10 Fi ve—hﬁm B 50 A3 LE—e+-€ “'J'C,u.m ed through 50

grans of“anhydrous acidic alum na. The collected pr oduct was identified as
E13-1 A and anal yzed. The data are presented in Table VI. Table VI

The water extraction results show that water was useful to
remove oxidized sulfur compounds in the distillate layer.

EXAMPLE 13

10 Five hundred grams of PS-150-A316 were percolated through
50 grams of anhydrous acidic alumina.' The collected product was
identified as E13-1A and analyzed. The data are presented in Table
V1 | '

Table VI

15 REDUCTION OF SULFUR AND NITROGEN BY ALUMINA TREATMENT

Sample Nitrogen | Sulfur

_ ppmw ppmw
PS-150-A316 ‘ 4 143
__Ei13-1A 2 32

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

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

25 impurity.

EXAMPLE 14

Another hydrotreated refinery distillate identified as S-DF
was partitioned by distillation to provide feedstock for oxidations
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- 15 REDUCTI ON OF SULFUR AND, NI TROGEN BY ALUWNA TREATMENT Sanpl e Nitrogen
‘Sul fur mw mw PS-150-A316 4 143 EI13-1A 2 32 These data denpgglkaisst hat
al um na waeeedosesrs was al so effective in the renoval of rpegighidan 8% di zed
sul fur and nitrogen 20 conpounds frsmthe distillate. Analysis was
conducted on alumna treated material E13-1A and conpared wth the

PS-1 50- A3164¢; MS| | hi

substi ¢ ut ed“%‘iﬁggﬁéé%?is i %‘ﬁgﬂmﬁq“i?ﬁe" QIR bARoXY dnd) el 1aeRIPTReC,

about 3, 000fT3EHOB; © ‘ﬁﬁ: 58 Pﬁﬁ?ﬁr elow pheimperatus ean of bousy 4887 reawes

refi _ngr yf di_3ts'tdlfgt-?eéﬂ,eriﬁbﬁb&ﬁbmatzi&%h vig%cug@n {,\gld‘gfﬂaﬁ"% bgs OB'P-SDFJB@SZS.SE 1; g
rovi de feegsto or o on u
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fracti o of wasDE sulfuecicl] heonvarcmptcapooesfrattisnoutedtified asaS-DF-

sul fur-1ean noa |G- [ acie®n i ] - DE- R
fraction of @%F c%ﬁﬁgf:étegdbgg%\gﬁ ?gi%gér%%%i%%(fg%%méﬁgogﬁé V\(?afs'jg
sul fur-richPPRbnoaromatic-poor fraction identified as S-DF- A288. Anal yses

of S-DF-A288 determined a sulfur content of 30 ppm A series of oxidation
runs were conduchegdesiesdescatidatdonn rubxarmpére ldbmiuttéde apr ddsiEtibedonhi ned

to provide 1 terial, needed f.or getane ratijng and chemcal
anal ysi s. Aég%gﬁﬂiéeahi ;?b’gdntﬁg iFﬁoé‘éﬁ )| 8%‘6’%@ c‘ﬂa%gﬁldﬁ t%mf'ﬂfsof(’fc

S- DF- AZ€8, materiabrneé¢ded afdracetanet irating @indschemioal daialpsised Anflask
distilled r0 RQXI

procedure a. !g{p &PO%SS% g&a@bl%?lz%??gqé}%ge%ppgSgﬁ%gglfbéozﬁ’h}ough a
second col ukiterpaékelacial t acetBy aeid,ofSdmleqol deipmizedanndi distilled meatey.

Distillate &) B3mDof 30 igereeat dRitogenl pervk¥de, The al umina was used for
approxi mately 4 batches ofpbl, 000 “m, ggnd prepl aced.

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

In another procedure approximately 100 grams of alumina

20 was placed in a 600 mL Biichner funnel equipped with a fritted disc
(fine). Dried distillate was poured over the alumina and more
quickly treated as the vacuum draws distillate through the alumina

in a shorter time. -

Every batch of post-alumina treated material was submitted

25 for total sulfur analysis to quantify the sulfur removal efficiency
| from the feed.  All alumina treated materials had a sulfur
concentration of less than 3 ppmw, and in general 1 ppmw suifur.

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

30 For the purposes of the present invention, "predominantly” is
defined as more than about fifty percent. “Substantially" is defined
as occurring with sufficient frequency or being present in such
proportions as to measurably affect macroscopic properties of an
associated compound or system. Where the frequency or




I n anot her procedure approximtely 100 grans of alumna 20 was placed in a
600 nL Buchner funnel ‘eduipped with a fritted disc / (fine)., Pniedqss )

di still afy gdRgaoR@ured over the alumna and nore quickly E&ﬁ%@e €7s t he
vacuum draws distillate through the umina in a shortef /013 ery ‘batch
of post-alumna treated material was submtted 25 for total sulfur
analysis to -quantify the sulfur renoyal efficiency, fromthe feed. A
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or bei p 1 L.op, {10 : r f .0SCcopi C
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29 July 20vegligible2edtsrt2en purmanesoppic: squalitiepr 8pdr fingh Owtcemen argpact i s
not cl ear,P§Hﬂ§&éﬂtl. E,Ii(yauys dpot@%bdlﬁgéﬁéi%t%%n@.bou" twenty per- cent or :
more. The term "a feélstock 'consisting essentially of " is defined as at
| east 95 percent of the feedstock by volune. The term"essentially free of
is defined as 5 absolutely except that snmall variations which have no
nmore than a negligible effect on macroscopic qualities and final outcone
are permtted, typically up to about one percent. 4 29 July 2005 39 That
which is clained is: 1. A process for the production of refinery.
transportation 'fuel or blending conponents for refinery transportation
fuel, which process conprises: 5 providing oxidation feedstock conpri sing
a mxture of hydrocarbons, sulfur-containing and nitrogen-containing
organi ¢ conpounds, the m xture having a gravity ranging fromabout 10 AP
to about 100 API;




contacting the oxidation feedstock with an inmi scible phase 10 conprising
at | east one organic peracid or precursors of organic peragégul -i280§ l'iquid
reaction m xture mai ntained substantially free of catalytic aetive metal s
and/ or active netal -containing conpounds and under conditions suitable for
oxi dati on of one or nore of the sulfur-containi ng and/ or

ni trogen-contai ning organic 15 conpounds; and separating at |east a

portion of | ri.sci bl e peracid- containing phase fromthe reaction
m xture; ar‘llgﬂﬁe il?@k"é“fﬁ‘i)dilct conprising a mixture of organic
conpounds containing |less sulfur and/or less nitrogen than the 20

oxi dati on feedstlock # protdss fermche oprodudtivre. o refiieryr dtt£Qbfi ng to

claim1l wh | Rt i mm._.S.cl age is.faormed by adm xi ng source of
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accordi ng BX EP%?‘?HOPSV\MH W-g@n1adati g a andor nitopgei-codaangr adeganic
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process ac (P"Idlm ég I0 bMm y\/nergiﬁléalqll égfgv}i Iréhggl‘thtg gﬁlggqr ﬁ%‘?}lﬁofl%t he
oxi dati on ?‘eedg‘?gg ﬁg Q p"r*k))auct of a hydrotreating process for petroleum
gi stillate constentactingsthnt oridayicef fmaet;]dcgd dﬂﬁhJuhyixﬁQ%cilﬂ@ g*ﬂiakien? g
et weqp abgsiy : 42 - Whij ydrotreatin pracess i.ncl udes
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hydr ogenatPYRCBN#1 t3 biqaiid nreaesiqa anexugcoimaintaymbd grurtastantiatit afirgst to
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percent to ent by weight of the total catalyst.
separating at least a portion of the immiscible peracid-

containing phase from the reaction mixture; and
. recovering a product comprising a mixture of organic
compounds containing less sulfur and/or less nitrogen than the
20 oxidation feedstock from the reaction mixture. |

2. The process according to claim 1 wherein the

immiscible phase is formed by admixing a source of hydrogen

~ peroxide and/or alkyihydroperoxide, an aliphatic monocarboxylic
). .acid of 1 to about 8 carbon atoms, and water. '

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

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

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




7. The process according to claim5 wherein the hydrotreating process
further conprises partitioning of the hydrotreated petrol egﬁn‘]gk%bél ate by -
distillation to provide at |east one | ow boiling blending conponent
consisting of a sulfur-lean, 15 nono-aromatic-rich fraction, and a
hi gh-boiling liquid consisting of &Bsulfur-rich, nono-aromatic-Iean

fraction, and.wherein the, oxidation feedsto s predqom nantly the

hi gh- boi | i ﬁﬁﬂm&] qween aheup, %egﬂoa‘&é tn85§% Q-F‘é{ﬁ}ﬁ hﬁﬁﬂéﬁaﬁ(ﬂr&)ri si ng
bl endi ng aproéeast iscludesi iactingt the | petrodéhmnalibrifiate owit tdh sblagce 26F
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25 C. to about 950 C. hhel UPEEsH eMCCPFEBgur &0t clamm nt & nwibggein eddre on

m xture SubyHeopeakiipni Bafl)$QbHIIEE at 8astubile 20QBve Shelal, SIBERRESS for
the production of refinery ransBort |®g f%el or . bl endi conponent,s for
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in the presence of a _hydrogenation catalyst to assist_by hydrogenation
renoval of sulflr andilg BHTOeRsFen aCEOFHINBe kY dicdbainkat 8d° péEreiteunthe

i ot 11t b aRE o Li0C0R, MUrMECR CUmprises eﬁﬁé‘ﬂﬁ?t#*hgé“ o ke
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sul fur-contai ni png and/ or nitrogen-containing . .
. The process™ according to claim 7 further comprising

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

20 product containing less sulfur and/or less nitrogen than the
oxidation feedstock to obtain components for refinery blending of
trénsportation.

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

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




organi ¢ conpounds; separating at |east a portion of the inmm scible
peraci d-containing phase from the reaction mxture to recoygiug§oos
essentially organic phase fromthe reaction mxture; recycling at |east a
portion of the separated peracid-ddntaining phase to the reaction m xture;
and treating at least a portion of the recovered organic phase with a solid
sorbent, an ion exchange resin, and/or a suitable inmmscible liquid
containing a solvent or a soluble basic chem cal conpound, to obtain a
product containing less sulfur and/or 1less nitrogen than the feedstock.

12. The process. i i I . L s Gt Bl

per aci d- cont ai ni ?%E%afggh%gogh@dﬁﬁ%ﬁ&é@%ﬁ%h ?P"F‘reg@‘%‘?h‘g&ﬁ.m &?“ﬁ%t? wat er, a
source of aceti c leidrigerydmespertaticnine whioh plvyds @genseger oxi de i n anobunts whi ch
provi de at | east on - ' Cl- for each nol g of Zo's per oxi de.
3 -The process accoir%yl ng 3 ggﬁ%ﬂg?mnlﬁ'l 0 t&?’érimrsﬁqgﬁses%ﬁﬁognﬁ% glcbgg ?lg acid to
hydr ogen per oxi dé&etiwgen abent 30°Coamg @bdut 623°1C &y d ppockss whih teiluges280fing i 14 . The
process according to any one of clainms 11 to 13 wherein the treating of
recovered or gani eeptiasalisitia vittessouse ofiiydagen ablgdiog@aionsotdiepns trthent
conprising alumunpa. ..215, The.proce rdi laims 11 to
13 wherein the {Tﬁrr%g‘f"f’ ﬂfga g?og?%&%\%@gg?%%égﬁ @yd%geé%@oniqﬂ%{%ﬁjefgal&g e of at

| east one i nmi scanlboeitdgeuica the hpirdtsshtad parolesmdidhte; havi ng a di el ectric

constant suitable to sel.ectively exiract oxidi zed.sulfur LNi ng and/ or
ni t r ogen- cont ai ni né‘%‘?'&&?ﬁ e‘b‘@f%%ﬁﬂ%e?‘“ﬁf%‘?é“i‘ﬂ"&‘z"ﬁﬁf%‘é‘ﬁ%{é&“&%@%@?ﬁg to claim
15 wherein the sebiorefowhbolingblelidgle@onporRnCoRBiRUf 2 bulfuslear, ange f r om about 24
to about 80. 17. The praocess according t | aim 15 rei.n the sol vent
conpri ses a conﬁﬁ’ﬂﬁﬂ?‘“@éﬂaﬁf@?’é’ﬁgﬁg{ﬁgﬁWﬁi@g g’?‘gﬁg‘@ﬁﬁﬁf‘gﬁaﬁ@fﬁ&m ter,

met hanol , et hanglon@femifcilH Fe&iont hereof . 18. The process according to claim

17 further conprising blending at least_a portion of . the | ow poiling
fraction with the (r@dngat legspartionefthe bigh balnafepdstok githan frRCiRie r ogen  t han
the oxidation fgﬁﬁé RpisifleQe RN B rgﬂm&a% defsort S drplcpehitigndeng of a
transportation _uel‘?0 gg.lﬁé%hg%g%é(})e S accor dl?prﬁg t% any o_n)(gJ of claims 11 to
13 wherein the liqudiciction miureregoiiscdubsangally fve piraghtis ssdvemeslsuse of at

| east one imm scible liquid conprisin an, agueous,. At of a soluble
basi ¢ chemical €0 r?f)%ctﬂlﬁe él%lfog%t? gfc?%?ﬁq?%sem%?ngﬁrﬁo Il{d?m%%hﬁmgﬁx 7

oxidation of one or more of the sulfur-containing and/or nitrogen-containing

organic compounds;
separating at least a portion of the immiscible peracid-containing phase from
the reaction mixture to recover an essentially organic phase from the reaction
mixture;
recycling at Ieast a portion of the separated peracid-containing phase to the reaction
mixture; and
treating at least 2 portion of the recovered organic phase with 2 solid sorbent,
an ion excﬁange resin, and/or a suitable inuniscible liquid containing a solvent or a
soluble basic chemical compound, to obtain a product containing less sulfur and/or
-less nitrogen than the feedstock.
12. ':_I'he process according to claim 11 wherein the immiscible peracid-containing '
phase is an aqueous liquid formed by admixing, water, a source of acetic acid, and a
source of hydrogen peroxide in amounts which provide at least one mole acetic acid
for each mole of hydrogen peroxide.
-3 ..The process according to claim 12 wherein the ratio of acetic acid to hydrogen peroxide is

in a range from 1.5 to 5.




consi sting of sodium potassium barium calciumand magnesiumin the form

of hydroxi de, carbonate or bicarbonate. 20. The process aCEQ&&BQ@{)%O claim
19 wherein the sol uble basic chem cal conpound is sodium brcarbénate, and

the treating of the organic phase further conprises subsequent use of at

| east one other inmm scible Iiquid comising nethanol.

14. The process according to any one of claims 11 to 13 wherein the treating of
recovered organic phase includes use of at least one solid sorbent comprising
alumina. _

1%. The process according to any one of claims 11 to 13 wherein the treating of
recovered organic phase includes use of at least one immiscible liquid comprising 2
solvent having a dielectric constant suitable to selectively extract oxidized sulfur-

containing and/or nitrogen-containing organic compounds.

16. The process according to claim 15 wherein the solvent has a dielectric constaut in a

range from about 24 to about 80.
17. The process according to claim 15 wherein the solvent comprises a compound
selected from the group consisting of water, methanol, ethanol and mixtures

thereof.
The process according to claim 17 further comprising blending at least a portion of

18.
the low-boiling fraction with the product containing less sulfur and/or less nitrogen
than the oxidation feedstock to obtain components for refinery blending of a
transportation fuel. _

19. The process according to any one of claims 11 to 13 wherein the treating of
recovered organic phase includes use of at least one immiscible liquid comprising
an aqueous solution of a soluble basic chemical compound selected from the group
consisting of sodium, potassiura, barium, calcium and magnesium in the form of
hydroxide, carbonate or bicarbonate.

20. The process according to claim 19 wherein the soluble basic chemical compound is

sodium bicarbonate, and the treating of the organic phase further comprises

subsequent use of at least one other immiscible liquid comprising methanol.






