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== (57) Abs.tract: Economical processes are disclosed for the production of components for refinery blending of transportation fuels

o by selective oxidation of feedstocks comprising a mixture of hydrocarbons, sulfur-containing and nitrogen-containing organic com-
pounc‘is. 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 maintained substantially free of catalytic active metals andfor active metal-containing
compounds and under conditions snitable for oxidation of one or more of the sulfur-containing and/or nitrogen-containing organic

B com;‘mund‘s. 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 acid-containing phase is recycled to the oxidation. -
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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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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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W th tel sulfate mst. This mist is collected as a portion of
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to -~ fuel for use in compression ignition internal combustion engines
| (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 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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| 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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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




" salt. The application states that the catalyst selectively oxidizes
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inproved by 10 including at |east 37weight percent oxygenated aromatic
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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




Tropsch reaction product to recover the diesel additive said to be 5 useful .
for inproving the cetane number or lubricity, or bath the getgpeomsimber
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weight of untreated heavy 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.




. Ecoriom cal processes ar e,;:'”d}scl osed for production of - conponents for
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cont ai ni ngP&REEBE. ni t r ogen- cont ai ni ng organi ¢ conpounds; separating at’
| east a portion of the inm scible peracid-containing phase fromthe
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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




+ 10 upward from about 25 C. to about 2500 C. and sufficient pressure to.
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2005 alkylhydroperoxide, a source of an aliphatic monocarboxylic aci
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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fuel conprising the follow ng steps: hydrotreating a petroleumdistillate
consi sting essefiydroggnatiomatcatalyists dicneficialyt certainbawombmatiomnef about
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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-




35 organic peracid, in a liquid reaction m xture nmaintai ned substantially
free of catalytic active retals and/or active netal 29 Jul y2@QQ9 2088
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treating of ambabmrtva‘ﬂ&‘ﬂ Corgani c. phase incl udes use of at Ieast one
solid sorbent conprising alumna.

Preferably, the immiscible peracid-containing phase is an
‘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. :




r
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In other aspects 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 described below by
way of examples of the invention. '

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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these heteroaronatd cs. Even fIa_(l)ugrhft he sulfur atomin se %(ingau ds
, cases performance of the Tefinery transportation fuel or blending
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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‘more basic than sulfides. The lone pair of electrons functions as a
Bronsted - 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 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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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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gener al | y nfirrehpr of dristbhinedp bycdissilates fiidluend cpoinlt yiperificadisas. feed and
converted to gasoline. The presence of heavy hydrocarbon conponents in

speci 1 cati ons. THe isifiAfe, ERRRIG ORGr ¢ bﬁﬁh@é&h?@hﬁt 5 8" B o
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- 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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The reaction zone can consist of one or more fixed bed
reactors containing the same or different catalysts. A fixed bed
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 reactor 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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production o ﬁmshed distillate products.

Operating conditions to be used in the hydrogenation process

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

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

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

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

30 hydrogen circulation rates below these ranges can result in higher
catalyst deactivation rates resulting in less effective desulfurization,
denitrogenation, and dearomatization. Excessively high reaction
pressures increase energy and equipment costs and provide
diminishing marginal benefits.
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refractory inorgani c OXi
comprises a refractory morgamc oxide such as aiumma

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

25 hydrotreatment are the most tightly substituted sulfides.

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

30 selective removal of sulfur or nitrogen from oxidation feedstocks.
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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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42, .and into 29 July 2005 V\D 02/ 062926 PCT/ U502/ 01157 26 overhead drum

46. Separated g and, nen- co nds_fl ow from ov drum 46
to di sposal or ?ﬁﬁéﬂgw-bp@eggef Fs& hgﬁ Ldll!’tehrIBqu{ @%85‘1{) &;9 if] ortion
of the 10commnannngr gmgamcammnpodsds uist sikkdfawnr dromx riearr thairtopd dfr om 5

over head druypdf | rahsPhF O oC S 1B gfmnyow Wpaglh! e
condensate are Qene CI ally recycled Tro 46"t o sepa atio
drum 24 andpandurt adds edt eﬂlQl&doth%rappaé'ﬁﬂﬁemahs@BS( boibing) fragdon

| ow boi | i ncfréinp¢hé WatiBMid G d}%gemmrﬁriplanﬁamabwﬁwducltonmrsbpf ni ng

or gani ¢ conpounds |s W|thdr wn from near the top l umm 30 and
transferred to f eI I ng,,facility 90 thr.o U.II 32, 11. shauld be
apparent that t Dé' frﬁc?%% on¢ 0f (E‘é{;\éq"}ﬂgc ﬁ?ﬁ?@&eﬁ&t i on

is a vasuamlﬂ)spamdaﬂy lquuldsébzfm is diverted through conduit 32a and into
| an optional oxygenation process unit 100 for catalytic oxidation in
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-




Beneficially, all or a Qomtlon of the lowboiling fraction in 15
substantially liquid for'm'is diverted through conduit’ 32a apgl jipeo
opt i onal woaz@ead i on process unit 100 for catal ytic oxi dp(t;f,ggozmls-,t%
l'iquid phase with a gaseous source a@f dioxygen, such as air or oxygen
enr| ched air. For the purpose of the present invention, the term
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oxygen is added roca cuI e.. Particularly suitable cat aI ytic
oxygenat i on‘%P% %‘E& 5?@% §i’l c@BF‘Hb‘nI - assigned U S. Patent
Application Serial Nunmber (37, 248A) and U S: Patent Application Serial
Nurber (3752488)Anmmmleelhle0pha?smunglmhngeaatledsto '
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t he bottom of ., col um 30.1s”transf rou ondui t
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and/ or other, organic peracids, 1s su eact or
5 mani f ol d B9, toTakont d{DQQj Hsbaléﬁq QFﬂbllletfm Oﬂklléapﬁ’oﬁp abaut obd QS(PSIS

mai nt ai ned subst.anti.al | ree of catalytic actlve tal s ctive
ot al - cont ai ni nd-RHBOTRASIGIRRLHES S0 TEASKT &0 siupplies @R on of
one or rTDreGﬁtHrbﬁghUbbnduﬁ(dM?al A beaztda Qortivd rofohie- mmmfblagpha@am c
COFTDOU ul oxl agat L.on |
emper dtur o5 FRPATE CbE; iAo, Sont 464 ot e, T e, feagtion
pressures imixturang®Vhilera pootion16f 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.




psi to about 400 psi, preferably from about 15 psi-to about 150 psi. Liguid.
reaction nixture fromireéactor 60 is supplied to drdm 64 theoyap -pgndui t
62. At | wamézes2pertion of the immscible phase [ 15 1is ?@Eﬁfsﬁifﬁ‘ﬁ g@
gravity fromthe other phase of the jgeaction mxture. While a portion of
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transfesred é&)ﬂﬁgh condui t 8@ to dIIS {}ﬁf (not shown). At l|east a portion
of the i df rf‘?rﬁ@e % BYR3E& ai ni ng and/ or nitrogen-cont ai ni ng
. organic. conpounds are transferred through conduit 84 and into catalytic

reactor 20. | t B9 ¥idw 200%he Weanrires2omal Padvalstiye3116f pPacdisessdpar at ed
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- comp are kilown desulfurization sg)! stems prevmusly used, t
 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.




- 10 sorbent is regenerated-or replaced. In view of the.features and

- advant ages of processes in' accordance with this invehti on 2@ 92%% ect ed
organi c Y&r®®236in a |iquid phase reaction m xture nai 5'301157
substantially free of catalytic actigve nmetals and/or ac |ve

net al - cont ai ni ng conpounds 15 to preferentially oxidize conpounds in which
a sulfur atomis sterically PFragéoned rat'lrgmﬁeﬁogfm@gow@l ¢ hydrocarbons, as
-conpared to known desul furization systens preV| ously used, the follow ng
exanpl es are given. The foll owi pg exanpl es ag Ibﬁétratl ve and are not
meant to be limting. 20 GENERAL Oxygenati on o? ydrocar bon product was
determned by the difference bdtween the hi360prteck88on carbon and
,hydrogen analysis of the feed gnd product . genaéhg percent, =
(percent C + percent H) analysis of feed 259 (ﬁ@r t C + percent H)
anal ysi s5 of oxygenat ed product 4EXAMPLE | | nablyve gggrrpl e a refinery
.distillate containing sulfur at a | eveI of about ppm was hydrotreated

d dit | | d I | | at
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over thlsr %[ﬁ tion.cut.points is shown In
accor dance WI hm[ osa%ﬁ{dtlc- ean fractldp

Table I

15 ANALYSIS OF DISTILLATION FRACTIONS OF HYDROTREATED
DISTILLATE 150

Fraction Number

Item | 1 2 3 4 Total
20  Weight, % 45 21 19 16 100
- Sulfur, ppm 11.7 25 174 580 133
Mono-Ar, %  40.7 26.3 15.6 14.0 28.8
Di-Ar, % 0.4 5.0 5.4 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.




: swtabl to rodu

invention a fraction col |l ected bel ow a tenperature-in the range from ahout .
2600 C. to about 300 C. “splits hydrotreated di stillate 10 126 Juipteos

sul fur - | weng2aeeazear omati c-rich fraction and a sul fur- ri @yrsezniisy
nonoaromati c-1ean fraction. Table | 36 ANALYSI S OF DI STI LLATI ON FRACTI ONS
OF HYDROTREATED DI STI LLATE 150 Fraction Nunber Item1l 2 3 4 Total 20
Weight, % 45 21 AfalyBisi06f Rydfotreappdn distillabe 114 58¢erl3the Wemga“r of% 40. 7

% 0.1
25 Nono ar stiliidi, o} ings”S9shqun’ i HableIE: itp, Abbofdance! wifh {tnds®
aromati cs. Bx&Rtion 2 |fractipr eeHepied abqlem rfertgmpexatuirat encdm arangg

sul fur at I o Eons
oAt S 200, S S e i Lol

a
evel Q12 1SUTBRCAR; CRORRATPTRASTIC Sckial oaPdadedUlfWrTiot o 15, °
29 July ZOQﬁon‘ﬂﬁrﬁﬂMlﬁ.‘%m FAEatii602101157 30 Anal ysis of hydrotreated
distillate 15 over the range of distillation cut points is shown in Table
I1. In accordance with this invention a fraction collected bel ow a )
temperature in the range from about 26dabletH about 300 C. splits
hydrotreated distill ate 15 5 into a sulfur-lean, nonoaromatic-rich fraction

and a sul fur-rich, Tabhl e Il 10 ANALYSI S OF
DI STI LIRTI ON FRACTI ONS éﬁ@%@%@ﬁ&%ﬁ@hf@&é CIHONY QR Nunber 1tem
12 3 4 Total HYDROTREATED DISTILLATE 15

Fraction Number

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




15 wWeight, %53 16 20 11200 Sulfur, ppm1 2 13 80 -12. 3 Mono- Ar, %35.8
20.9 14.8 12.0 5.6 Di-AF,’%1.3 8.0 7.4 5.6 4.0 THiAr, WQQJg,Qoés402
20 Mono-wp G2msmnano- aromatics. Di-Ar is di-aromatics. Tri pecfmg@z, 1i§7
aromatics. EXAVPLES 3 - 6 Hydrotreatsmd refinery distillate S-25 was
partitioned by 25 dlstlllatlon to PFOVIde feedstock for oxidation using
hydrogen ppeisknie diraromatics; adidd. 1. #hopareant i ¢ri-aromaticed for qav total

t enper at ur a sul fur-lean, nonoaromatic-rich fraction
i dentifi ed?ﬁ%‘-@ggé %ﬁ)gAﬁe’I’yses of S-25-B300 determ ned a sul fur content
of 3 ppm a nitr te f 30 and, 36.2 ercent .non tics,
1.8 percent di- 5327 “Tr}orﬁ'&' 8&5‘( ’ﬁ‘?’n"ﬂ%@goﬁ\‘ fgﬁstCBé'tlEBﬁg g
fraction cojl ssflied @fbﬁdénsdrenaeméahmﬂcwﬁ Qaltor,’SOQ @litrogen a ialdtf vandi ch300
nonoar o t| oor ratlo t e 5- A
determ éulg fﬂfrersoﬁ arRc fﬁg‘g p‘#f% iﬁ fiﬁ%@e ggﬁt@ﬁ&%’? %a%ﬁsém and
_aromatic cochm'tgLEd\A/asslthSVEr)pmgcemnomtm -ofr glagialc acesic sacid, Jdisyillzgbsando

02/ 062926 a?‘é%fs Heent

tri-ar onatlcsl/()H?ggd %%&%al ar onge I.CS of q‘tﬁrdrﬁ?@ ) rﬁ?ngO Twhe

t hr ee- neck: MakHITehds teated awKhe §UIrHBEd 2@t Hndﬁl’réfﬂ lghfcﬂﬁ‘d’e diitrggen
Techani cal f0kp i‘@ilmﬁté\}gt 9396@, ighbor @nﬂx approkishately’ evehRogRd 100 9

S- 25- A3 0 s al so charg varyl n Ci aI
Scoti o Bk dthecend; of Bie ARacioR FHO st it crltetts
Plydr 09?” p%ﬁm&ﬂaskhfapnﬂiy(tfdrmeds 1hacattad) \M%mdslayersngﬁammnrheleof ahel i ght
ow O ni t 0] t a X
hour's. Fyean o Rl c) WS, ﬁ’%‘iﬁﬂp‘iﬁl 4 ey e MR AR A NG " e
contents osodmmfstdfaaer aatitentsoofrghie] ﬂtasktmswtqued landepermattegdnipe of
the top |aysy (@ 9ambient'@teifIAMtaNe Biforehvaprosimtely ag)y drgusof
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




sodium sul fate. Contents of the flask was stirred-and permtted to cool to,
ambi ent tenperature béfére approximately 0.1 g of 15 nangangg uldiopys de i's

added t owgapmemese any residual hydrogen --peroxide. - 15,700|nty
-the - mxture- was-stirred--for an - additional -- 10 mnu efore the
entire reactor content was collected. Table |11l 20 EXPERI NENTAL PARAMETERS
AND ANALYTIlexe! rsatetis aeitR causedTisoMBrom Lthe2 Drasic ExpePLtB 3104:r5a§e 25

ppm <2 <2 rgfh 33 Blm, ghesg it %gﬁi“‘i‘é%gﬁ @61%35*%359335 lienl" "
hydrogen pé&t edefea#@&c#mmta&&gus Uge o @rgar}uga)céwdgtmheéd e er .
Table 111 g:a\rbenyhroaabbﬁasamiaeheﬂyto rdglen Wi ﬁméamwnatmamt

total ont T JR ORI ShEE Bk é% C%&‘%i or5o 1389 yAbess 1 9o
02/ 062926 Fctarbwoatcans,spre&-zrajbéyefrmn abeut cl att caboaits&d canbénr atomishe
organi ¢ | aygge© a‘éﬂfrﬁ eshof»h?”%f%)@%t B‘St?&i%eﬂ%ﬁ tﬁ%e%iﬁ’péd}%s"aﬁﬁxﬁ hat an

essenti al Lenen ) ?ie presen
per aci ds wiBeeOkgqaIc matsgngn datodhe; gqa@ouahpbaseo hiMitkoet a@ena acid,

hydr ocar bormg ﬁén@ehbléshrfugec@aﬁélfers% e RARGUINphase Crhs WBYevag from |

to about 12 carbon atons, preferably from about 1 to about 8 carbon atons.

Acetic,acid was shown to extract o ulfur conpounds from the
16 EXASELE

or gani c“phase and into the aqueous hout acetic acid, no
noti ceabl e sul fur transfer into the aqueous phase was- observed 10 EXAMPLE
7 Hydrotreated féydrotrgatédst i¢finery S-diStitlase p8-26t i wasd partitihsed | Iagi on to

provi de feefisfifitiohCto ProVils OPedthdtBok 2P0l BYidHtiBhCusing an immiscible
~ aqueous solution phase containing 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.




aqugeous sol ution phase caﬂtalnlng hydr ogen perOX|de and acetic acid. The
fraction of S-25 collectled above tenperatures of about 15 3} ﬁ@?
sul f ur - rvole/emroar omat i c- poor fraction identified as S gé%¥57 nal yses
of S-25-A316 determ ned a sul fur congent of 80 ppnland a nrtrogen content
of 102 ppm A 250 nlL, three-neck round bottom flask equi pped with a reflux
condenser, a magnetic stir bar or nechanical agitator, a 20 nitrogen inlet
and outlet, was charged with 100 g EXAMRLE- 88- 25 A316, 75 niL gl acia

acetic acid, 25 nL water, and 17 nL (30% hydrogen peroxi de. The nlxture

house- it rogsn for ocand ‘?’5‘”“"%} ‘E‘Eq‘%@ﬂ%’a‘%ﬁg??5218)‘?0#1%@1‘?% S8 si s
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cool ed to ro mt erature ropm t enperatu oximately 0.1 g of
manganeSe ?}) v%@flgd '[%) Pﬁg@o HSQEE Ay %J@@eﬁgueﬁyﬁjrb@éw

per oxi de arudmmmredj 84 ppnt isalfigr.for for 10- m nutes. The 30 entire contents
of the flask were then poured into- a bottle with a vented cap. Analysis

of the bottom | ayer (aqueous) foun%% f total sulfur. 4 a} 29 July
2005 WD 021062926 PCT/ U502/ 01157 8 A second oxidation of

hydrotreated refinery distillate S-25- A316 was conducted as described in

Exanpl e 7 by ch&onteatsiof the figskcimbote cExample o andt Examplec8 wWigre

organic la f ougd g The
aqueOléi I a&ggnMQ§dt alﬁegbg ppmﬁ p”%g W@@%‘;nsgﬁ% lﬁéaf fagsk I n
bot h anFem;bl&ﬁ PX&3HCe @f%»f@mcs At respernmgsts.omlhgy erganie layer

renoved, | evasi deiddetoved anhiQireasbispdiumr galfate | &Y eemldvem &t reSidgal Nent s.

fesi duar B ey pﬂr&&ggg AR e sl Sl s it was
renmoved vi Zemacednvia | vacudmn filttaidr, | tl‘reatfeltm—:te pascperdaidtédrihwongh
| enough alumina so that the filtrate to alumina ratio ranged from 7:1
15 to 10:1. Analysis of organic layer emerging from the alumina was
- 32 ppm of total sulfur and 5 ppm of total nitrogen.

EXAMPLE 10

A hydrotreated refinery distillate identified as S-150 was
partitioned by distillation to provide feedstock for oxidations using
.20 - peracid formed with hydrogen peroxide and acetic acid. Analyses
of 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.




enough alumna so that--the filtrate to alumna ratio ranged from7:1 15 to
©10: 1. Analysis of organi’‘c | ayer ener gi ng from the al uni na 8§ j,9 0B M of

total sulWigusrengsd ppm of total nitrogen. EXAMPLE 10 A hy,@&mc?ﬁg lsg
refinery distillate identified as S350 was partitioned by ation to

provide feedstock for oxidations using 20 peracid formed. with hydrogen
per oxi de and acef sl dﬂo@mabﬁlsﬂﬁogerﬁ-%@ daftearedneshdn this f CQh"eﬁnt of

113 ppm and t T, racti of I ect ed
above 1 empUostl é%%sa@% ﬂ%éﬁéfa%% BPThe igrof ieqrie val Ot cor
fraction i dwasi fstarteds te- psovilel ecfircieny ssuxuig samdo-thela:omtteuw ewramed a
sul fur cont g (ﬁfé%t b pof er,

t hree neck, H?%tl?(r?{j ﬁ%ﬁ‘t’%m f‘gmﬁﬁf’w %hw g@ & ékrlég%@ems A]"(élf-el[ uéxt
condenséY , g“?re‘&%'ﬁﬂ?&%t‘l“@tqur@acué’fhltlm@g@& nmé!m&%%l outlet, and a

heat i ng mantel control | ed t hrough a variac, 30 was charged with 1 kg of

S- 98- A316, 1 Iltarﬁerf thed @ea@do@qﬁhlecm@ld ed 1K dﬁmeﬁts?(?:d@ﬁ{m

hydr ogen pe 1062926 Jul / U 1157 34 Ilght
flow of ni t 'i%“\'ﬁéjs Wﬁﬁ 5’ éﬁ'&‘& Hx ngf‘g Pﬁ’éﬁg\:‘]_ a dove?"tt he
surface of apprmelanatﬂiycam dD theTagitagotr atvas s.% anbademmrdwowﬂele

ef ficient - d r

reaches QS%M%e %t(ﬂ? f@armé%%lﬁs‘ét Sﬁf(fe u‘%%efagfrﬂgrﬁg tﬂ{rﬂ{lgh

of 120 1 nuorg. OﬁAtheerHeGké okthe ironnd bettem flas st.cdthe Hup&mmcennsxnmeu nued
to be sti rf@die@amﬁogéﬁeayaahf&dfeatqi dwg&g.d Peroxddé. 1 CNBXRfe Of the |
appr oxi mat el C. ti]‘a %gt at or was mentasily

appr oxi mat eff%nf S oV ith g Reuiaton o¥asidhennassumed amilqttie, tempenatiie of
‘the necks obf the Jnuwndeblmst comtieﬂaaka rbh]gnfaﬁ ehadoe @i Ther egithtodenspose
tes then r oGy chanod hoth dFeali” (b )S@n%ih%%e%%ezﬁﬁg@@“&ﬁi}ﬁrﬁ do 2"
appr oxil®at esgparate; Wlhiéha@ltalu‘re@rimmﬁ iatelyed to all ow both organic (top)
and aqueous (bottonm) layers to 15 separate, which occurred i medi ately.

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.

Y

.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.




. The. bott om | ayer was renpved and retained for further analysis |n a

lightly capped bottle td pernmit the possible evol uti oh of %X@ om any

undeconpagrfedawdé ogen peroxide. Analysis of the bottom 2 ppm
of sulfur. 20 The reactor was cautio#sly charged with 50 turat ed
aqueous sodi um bi carbonate to neutralize the organic |ayer. After t he

i nut es to neut 121 100 "8E, Bpfifan ?ﬁ%ﬁl‘xﬁﬂéﬁ?ﬁ%ﬁ W cAdted AR L fusiel) ®lias
dried over &ARtAIRNE tha remaicingr 1 (Demb of\paogutts dFhe2Funhel dvas agni c
layer, idenghik&s ﬁﬁdpsthé59nﬁ?t%§e Wogs 14foRre ﬁ%{%ﬁ&b‘ %@@gbggm@m "

nitrogen, and acl r o
separ atory Flfﬁﬁ@’rm Qy%éﬁ’@%&gﬁ\e@w({lﬁﬁdnﬁa{g‘i angbctA%q testtng 50And 0 of

" et han;)IS Tl fpovtain ved théakesthanol tkeactde pr todme was agllemdf thalr i cal
separat e a c saved for analytica
_testing. A ggal&f&ggar gﬁhg g&t'ﬁie&%ﬁi%qﬁi gﬁbbﬁn&ﬁ%(}gl ?ect ed for analyti cal
testing and 35 jdentified as sanple MEi |-1. 29,July 2005 WD 02/062926
PCT1US02/ 01157 BBoAtikogemiaiping i ¥h mok dff perrducet Hantie fuanabdsa ml wfe
funnel  confRkhi RAgeth3Afol eWak ”Pﬂﬂeéoel"ﬁe- fRnne| Wﬂgtaegz}gﬂe shHREﬁ' at> ¢ gain

shaken and the xture was to separate anol | ayer

was col | ect B¥0 alRyess Wgre oal aWzﬂ ttpc%ﬁpﬁf@&l nge Hattom rmetlpmm d@yer the
met hanolQ exwraecweme@idtmtd weaved! fact asalyeical anedtit ?i;al 50eshl n®fafHe

dentified | 1- t duct th
:‘uﬁge: |e ﬁ\%o@cr{pf% Sgﬁ ﬁ@h£ﬂ€|£%¥ﬁ&aﬁe@8twﬁeaﬂg nmhg§gfﬁaélhﬁeﬁ and

the two Iabﬁ]sl-ﬁere'ﬁliel amafytioabepesudte. obteinkdt tfom nhishagxdmpieenrd0 was
col |l ected a%ﬁﬁvﬁfi gga Qal ytical testing. 50 nL of the product is

col l ected for analyti testing and identified as sanple MEl1-3. The
anal ytical results obtained for this exanple are shown in Table IV. 15
Tabl e IN? Table IV

REDUCTION OF SULFUR & TOTAL AClD 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.




REDUCTI ON OF SULFUR & “TOTAL ACI D NUMBER BY METHANGL EXTRACTI ONS Sanpl e.
TAN, Sulfur, mKO+# mw' PS-150-A316 0.11 143 MEI1-‘1 0.02 3% JINMEDEpz 0. 02
14 MEl 1wd @/08202¢ 20 These results clearly show that net oWapise apabl e
of selectively renoving oxidized sugg ur conpounds. Additionally, the
acidic inpurities were also renoved by nethanol extraction. 25 EXAMPLE 12 A
separatory funnel was charged w th 50 TablefVPS- 150- A316 and 50 nL water.
The funnel was shaken and the |ayers were allowed to separate. The bottom

wat er | ayer was coll ' ' The
hydr ocar bon | ayer MW@§9§%¢@§W§¥?&?§@%€@§ identified as
E12-1W Table V syl ts———r29-Jyly. 2005 D 02/ 062926
PCTI US02/ 01157 %6 Tmlap\lﬁRquml AANF sy MitregenfTERUERITRACTI ON Sanpl e
TAN Ni trogen Sul flur __m KOH nmw|mm@E0Hie AB1epmwl 4 pBmvELR-IW--- 5 100 °
5 The water extra{cp'sonpsoeggllt@ show fjhat water gnvas ysefp43tof renove
oxi di zed sul fur c]orrpgggg_iaa,n e dr St arg T ayer- BOTF(EE—M 10 Five
hundred grans of f-e—-pet-eet-atedtirougHh—bE0—g+a#s of anhydrous’
acidic um na. The coll ected product was identified as E13-1A 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




-

* 15 REDUCTI ON OF SULFUR AND, NI TROGEN BY ALUWNA TREATIVENT Sanpl e Nitrogen
‘Sulfur mw nw PS-150- A316 4 143 E13-1A 2 32 These data denpygglik3igpst hat
al um na weewens was also effective in the renoval of regihean@Xi di zed
sul fur and nitrogen 20 conmpounds frgmthe distillate. Analysis was
conducted on alumna treated material E13-1A and conpared wth the

PS-i50- A316y Si :ﬂlb??hc h| effe0r
substi t ut ed dl-ﬁgegé M f gﬁ%ﬂ"‘ﬁ‘i’thgrh uc?éﬂ)v\ﬁ i cﬁe&?@gd g@t 1(glﬁned
about 3, oooﬁaﬁ 08 O gﬁ: £8 Pﬁﬁ?ﬁ 17 wsmsza&ureﬁin@fmomya%? rleawas

refinery diatqdlfei-¢eanlenihbhdetbfatiS=fkh Vﬁécﬁ@ﬁtiddrﬂfﬁ‘@'d bys B-DFIB2agg on to

rui'ng netbhy Sk SLSTH RPleslih ke, Pemntabizes, oF sha. 24Re 17

fractiorb of wasDe suifuecichd bednsarcenpticapooes frattishoudenfified asaS-Dif-

sul fur- | eanagRnodAQRIdeE" bF SLIFIIEOILATI Id % i eofitdft o188

fraction of ed above tenperatures o Whs” &
sul fur-richPPRbnoaromatic-poor fraction identified as S-DF- A288. Anal yses
of S-DF-A288 determ ned a sulfur content of 30 ppm A series of oxidation

;uns werg conducx&e@eﬁ&sd@sqsilﬁadofm ruﬁgadrwé& l&x?imté@eta@raew%%ﬁorml nled

0 provide erjia ed f.or _getane rating and chenica
anal ysi s. ég%gﬁ)lié 3@ ;?b’gd & Bi° E)‘?gt |8°¥H’IM§ c‘ﬂa%gﬁldﬁ t {00 fc

S- DF- AZIEB, matenabmeedgﬂ afiracetanet irating dindshemical daialysised Anﬂask
distilled 0

procedure a gf&‘f‘%s Eﬁaﬁi’lé’?lzoég&?gqé}é%ge%m W{%ngfg(,:gpﬂf@ﬁ hrough a
second col uh?ﬁfp Clﬁlthce!m) aeid,oB5gmledof deipmizedamod sastilied

Distillate Magyﬁgaofg(glphwgﬁt Pfogenl pervkide. The al um na was used for

approxi mately 4 batches of

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 approx1mately 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 alumma

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 materlal 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




m., and replaced. In another procedure approxi mately 100 grans of al um na
20 was placed in a 600 wL Buchner funnel equipped with a frite ngic )
(fine). WoRRssheti! |l ate was poured over the alum na and gwq% y Lié’rcm |y
treated as the vacuumdraws distillaje through the al umi A f orter
time. Every batch of post-alum na treated material was submtted 25 for

total sulfur analysis to quantify the sul fur renmoval efficiency fromthe
feed. Al BIep@WHOR daf csuchat URpact Hach@t selealr substandmahyt itsntof bieess

than 3 ppryggaed asditatwinBppersieehtfor nforel eMheOferd? MAFEEES ovk
post-al um na t.r{a ted mat emal S. |$nt| Iedri’?s BA- gZS-A288. 30 Eo t he

pur poses of°RHa 1§Be§éﬁ?mi‘ ¥nPlonls: Hb%‘jn'?ﬁa | 4Fas) 95 RAERBE 9K there than
about fift feqistoekt by " Golument Thel terni s'edséntiely fieeoof Ut is defiwedh as _
suf fi cigent Y, j e i3 0 [ t sur abl y
af f ect %&%@@y?@ﬁpﬁ’%ﬁﬁh@g sg‘bggnQ%_gfgg%%ﬁthggw@opﬁggéngggyggﬁs gﬁ ere

t he frequen@ghgfblp zétert| gnoousTOREYPL ogudrdepcandsdiyad 1 pRICOmBE Wigporti on
for such ipeanitted, %Pi@dlg'arup o ARt bat | percento be regarded as about ’
twenty per cent or e. The'term"a feedstock consisting essentially of "
is defined as at | east 95 percent of the feedstock by volume. The term
"essentially free of " is defined as 5 absolutely except that small

vari ati ons which have no nore than a negligible effect on nmacroscopic
qualities and final outcone are permtted, typically up to about one
percent. 4 29 July 2005 39 That which is claimed is: 1. A process for the
production of refinery. transportation 'fuel or blending conponents for
refinery-transportation fuel, which process conprises: 5 providing

oxi dation feedstock conprising a m xture of hydrocarbons,

sul fur-contai ning and nitrogen-containing organic




conpounds, the mixture having a gravity ranging from about 10 API to about
100 API'; contacting the oxidation feedstock with an |nnlsC|§égug
conprising at |east one organic peracid or precursors of organi pera d
inaliquid reaction m xture maintained substantially free of catalytic
active netals and/or active netal-cdﬁtaining conpounds and under
conditions suitable for oxidation of one or nore of the sul fur-containing

and/or nitr n- a| nh ganic 15 conpounds; and separating at |east a
portion of d?l? %%fféi a%i d- containing phase fromthe reaction

m xture; and recover| ng a product conprising a m xture of organic
conpounds cont ailni ng A gsecess| for thedparddceisn ndJﬂ E‘@ﬁﬁ@ s E)%rtgﬁo

oxi dation d ture. oce accorgl ng to
o aim i ek MndAORRERARS 1 P“sﬁpsrmampamrh o 8UHeh of -
hydr ogen PEPEXISA EO®ASAS: al kyl hydr oper oxi de, an al i phatic monocar boxylic

d ofslt b ' t
claim 1 vvh%g%lﬁ Do Adify TOxeRln, | TOEANR' | commtisglc l (iRtuSoice of

hydr ogen oRF Oné’sét’:if@é ~gpndaing asdd, Hetn@lg@m-tcantamln‘gheopgmess
di to irmdsl d
accor di ng compaimds] #eenpixiugé hﬁ@ﬁi % t@ﬁﬂ%@g@%ﬂﬁeﬁﬁﬁpﬁ&?lﬁ 10° 1o

peraci d-co | ol ecycl ed on m x
process ac%ﬁd&ngg?@pgﬁg) miPr{Wherm nall or at least a portion of the
oxi dation feedscomiactinga the ooxidatiafn afelayldmﬂ« afithngn ﬁhﬁﬁ@éﬁ)léoghﬂ%r ol eum
di sti Higat ec n rial 29 July 2005 oi l.ing
bet ween abo((',;ul'(till Qt ?%ﬁgtgué Z%g%hl%b% cﬁQdPBtP'&é{FﬁSrs pchgé%arl‘ﬁcl udes
reacting tIastl, é‘lleﬂulﬁq&lil@tmacét@ vilni ktures onaagaifed rgubsegrtiadly free
hydr.ogenatafon (Q,ﬂﬁl tid ONgc th en 0g n catalyst to
assi st by t]%i glglatlo rt(ha‘é;b GS{?Fsgul ﬁd%rs ang?{% ﬁﬂ?gﬂ ﬁoﬁf%r[h%{
hydr ot r eat SHPGP e it 1B PFI gprditgonsTiaripeble arddationg Qfoonbalom 5
wherein t fmorthydf dhensul fur-con Qliffig C@ﬂﬁ%ﬁeﬁlt@égw@:&fntﬁﬁﬁn@ctbf/@ﬁ@t al,
sel ecy§d compounds; and
separating at least a portion of the immiscible peracid-
containing phase from the reaction mixture; and
. recovering a product comprising a mixture of organic
compounds containing less sulfur and/or less nitrogen than the

20 oxidation feedstock from the reaction mixture,

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

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

4. The process " according to claim 1 wherem at least a

| portion of the separated peracid-containing phase is recycled to thig-
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




fromthe group consisting of the d-transition el enents, each incorporated
ont.o. an inert support :in an amount of fromabout 0.1 10 peﬁggm& h@s about
20 percent by weight of the total catalyst. 7. The process acco 3| ng to
claim5 wherein the hydrotreating process further conprises partitioning
of the hydrotreated petroleumdistiflate by distillation to provide at

| east one | qw bqiling bl ending c onent consisting, of sul fur-1ean, 15
mono- ar omaPPHIRG g?FtWeefél iagﬁ,‘“- %‘éﬁfﬂlﬂﬂtl H§§§I¢q‘ﬂhkf3tb TEIUBE a
?ul L u;-rchromOim@@l@s: fca'tcﬁi@lfgrfthﬁc éﬁlb_lelﬁlhld_dfifﬁﬁglﬁ't% W_?ﬂl DXouatd opf

eedst oc redom nan e high-boilj.ng liquid., 8. e proces
accor di ng #‘g{dEng?h 7 ubYﬁ’é?gmkb‘?ﬁlsi?@ldlgggﬁdi Hy he) eagetseglcﬁorf’?oﬁ of the
:‘ovv- boi | i nhyfiragenationi chtalyst t@@spisodyc hydrogenation reasowall bﬁrsfuzhﬁw or _
less nigro i dat jran t t 2 ' ts for '
refi ner%/bl gﬁg{ég@{fﬁﬁﬁﬂﬁr{% P&?‘ﬁgg}&‘%ﬁg g?%&@&aﬁgﬁg%ﬁg toclaim1l
wherein the high- boiling oxidation feedstock consjsts _essentially of

material boilin§- 25 bbhGediosesut aEordingando alsdaim 425 owhegeinThethsr ocess |
accor di ng hodebgenafionheagilystt BEnfIskst hPNEastObn®dctid MetdlC!selected
terrperatur%\s |n§§ range upward f.rom a]{)otg't@t %5 C. to aboui 250 C. anq‘
suffi ci ent ISRsdlfe PR FORFIAURRe OF St i BRTAPRILPR SEAFERERS a193F n a

li qui d phasecorp@rated/ iN65an 4heitl suppprocasanfamoune pf dilomt iabouof Orief i nery
trans tat) u (]! i r ef. nsportation
fuel, I C éﬁbg{:tegds a@é’#;gr.ﬁ;gs‘? Pg%@@m@gﬁtnéj fg‘hseﬁ%{]g%af&fsgu |l ate
consisting essepntially of material boiling between about 50 C and about
425 C by a procéss whi Eie | BEOCRRSs BEEETIRE t e G ol 2unvlieEein | e with a

hydr ogenat LLaroeRting NoRsan s Mol (redmprises | PRAILRIGAENTBIO MR i/ or

niyt rogen fﬂ%&?%@%ﬁ@??@g@% ﬁ’é?‘ﬁgﬁé‘urﬁﬁl §fiih|‘d§f)§; 9 RIQVidRaft A§athe

Ihydrgt _rleatmb pqukﬁumgdibkhﬂtmge cb_)’n]?k:bﬁéliﬂ I@cﬁﬂsimli?g mlfmai dulflir-legast one
OW- le=l 1 e n co n consl Sl ng,. O Uy--= n -

oy o, e AR FETRAE Shorfgh: BB AoyinBobite  linhid il e of

sul fur-rich, sukfmorichmemono-eponfatbcdean; fractiont i ngndit Wieseim pidret i on of

the hi gh- bolidafidn $EE5IREK W e mifFAaY PE high-boiling liquid.

. 8.  The process according to claim 7 further comprising
blending at least a portion of the low-boiling fraction with the

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




phase conprising at | east one organic peracid or precursors of organic
peracid, in a liquid reaction mxture maintained substanti abljyyfipgs of
catalytic active nmetals and/or active netal -containing conpounds and under
conditions suitable for oxidatiotlof one or nore of the sulfur-containing
and/ or nitrogen-containing organic conpounds; separating at |east a
portion of the inm scible peracid-containing phase from the reaction

m xture to recover an essentially organic phase fromthe reaction m xture;
recycling at least a portion of the separated peracid-containing phase to
the reaction im, s Ok - 1 . i EEH%;; ver ed
organi ¢ phase w ﬁ]ﬁg&gsol id l;s[%@g%drﬁg r&%lﬁ&%gﬁsb%@gﬁlﬁggﬂg%@l{nﬁ , a %l%g? a
suitabl e inm sci_AtfP@fﬁﬂeqMPwﬁoaﬁml, whichpsodsyveniprigs: a . sol ubl e basic

chem cal conpound, j od: cont.ai-ni ng 1 es £yl apd/ or | ess
nitrogen than the fiée sto?%kgp%??&?h&g&%?t&%ﬂssg ¢ &sg#uéﬁﬁogﬂﬁ%n%fﬁ 11 wherein
the inm sci bl e p&pweingbedF°4l anidabout gREISEL) apraess adick dximddsirepaiing thor ned by
adm xi ng, water, a source of acetic acid, and a source of hydrogen

per oxi de i n anpurpesolev distiliqe wih gwuat of lndsgenehiydrpdnaticacenditongithe f or each
nol e of hydrogen peroxide, 3 -The_proce ccar di i wherein the
rati o of acetic %m{gef’oaq}x%eg@ué’ C%tgl 3)%%gmi%l}éﬁy%fogéng&fgﬁagaﬁfghn!\ﬁ% 5to 5 29
July 2005 42 1Zandfoilikengfar fomeths hydtaieatd pgroteam disyllaene of clains 11 to 13
wherein the treati

of . recovered or i C . I at | east
one solid sorbent E‘g%'faf'%ﬁ bhyd'éﬂtrﬁﬁ?‘ﬁpafge?“’ig'gﬂgﬁgy%’%%yéogn?g}ég@reg{ ng to
anyone of cl ai nieadthbné lowbdilingisesing dolgordentadsistig; ofh sulfugleay alvedt or gani ¢ phase
i ncl udes use of at least one inmscible Liguid conprising a..solvent having
a dielectric cof@mapgn Lﬁ"‘?‘%%laémfp@gg‘é’l‘”é'&% f"@‘gi"f}‘@ﬁﬁgg%?é& T8y sul fur

cont ai ni ng and/ gfonflhrbhRB9n GAMHoad Ni N or gani ¢ conpounds. 16. The process
according to claim 15 wherein the solvent has a dielectric copnstant in a

range from about 2#npding#dest agorion pfthyhighaibredecdsterketihidh HEVEY Ll ai m 15
wherein the Solﬂlgﬁﬁéco& B, a?ﬁ%t@n Qscid§Pdr&%ﬁ§iofforr%éﬂ]ctp%ciﬂ,riﬁup
anol, et hanol h

consi sting of water, t and nmixtures thereof. 18. The
process accor di hgpid mactibrappriuicimfintninhdsubgmtipli fet plyablydeiivgmetels| east a

POr i On O e oS0l LG AR Sl bnd R RANEE B8 B 10 T 5

sul fur and/or less nitr
oxidation of one or more of the sulfur-containing and/or nitrogen-contarnng

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.




than the oxidation feedstock to obtain conponents for refinery bl endi ng of

a transportation fuel. 19. The process according to any 0”599& %bﬁgms 11
to 13 wherein the treating of recovered organi c phase incl Ga8dY §§& of at

| east one inmiscible liquid conprising an aqueous solution of a soluble
basi ¢ chem cal conmpound sel ected from4 he group consisting of sodium
potassium barium calciumand nmagnesiumin the form of hydroxide,
carbonate or bicarbonate. 20. The process according to claim19 wherein the

Che or gani e, phask Ul tHEToBana g a3 leier ) g hein IR b Ot her
i mmiscible |iquid coapvdeiadgnivphdsainoludes 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 constant in a

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

thereof.
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 freating of the organic phase further comprises
subsequent use of at least one other immiscible liquid coraprising methanol.




