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At the present time most fuels for transportation are derived from

-natural petroleum. Indeed, petroleum as vyet is the world's main source of
hydrocerbons used as fuel and petrochemical feedstock. While compositions
of natural petroleum or crude oils are significantly varied, all crudes contain
sulfur compounds and most contain nitrogen compounds which may also
contain oxygen, but oxygen content of most crudes is low. Generally, sulfur
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Distilled fractions used for fuel or a blending component of fuel for use
in compression ignition internal combustion engines (Diese! engines) are
middle distillates that usually contain from about 1 to 3 percent by weight

30  sulfur. In the past a typical specifications for Diesel fuel was a maximum of
- 05 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



5

10

15

20

25

30

0.5 percent by weight. By 1993 | egislation in Europe
and United States limted sulfur in D esel fuel to
0.3 weight percent. By 1996 in Europe and United

woab@Ame0and 1997 in Japan, maxi mumsul fur in /036
fuel was reduced to no WO 2004/ 061054 CRR30s7ss

PCT/ US2003/ 036746 3 more thad 0.05 wei ght percent.
This worl d-wi de trend nust be expected to continue to

evmoré thamr 0.08 wedightfperceit] fThis wonldarige aepE GhustiRN Bkpbted to

\%r&duc% a\gﬂgj{) new eI ss%@fn regul ations in

QTR Wehlevels i sWfUEL i ons has pronpt ed
signifi tnaohelarsbectefptendh Clatrabllyéﬂoﬁ ofoné hatiission regulations in
tr altmant é:hﬂlée ﬁgr{% cat al, t|c em sSi on

SRR apd pifier gcapn% 6% mEomBtefl, Signiicant jiterieat in catalyti
h eaah,auelulraatﬁe&ﬁ e lChen@tgé@ ofaépblﬁhg %bfaliy‘ﬁa Hrhi¥siodlicbh@5190F the
r mtlhesarkl qltloF tern(gl‘mé eb:stlon engi ne

1 EndtBE 1 artilbiy, Jhe P hine Tesel o aibs Signiicantly
Fldlﬁérent fiemcme\e‘paﬁd igﬁmbntlﬁtéﬁ%l \wenbediol ¥idine g%)ne en ine)
cat al%/ ﬁH%geffec ve in_renmpvi ng NOx em ssions %n

di Felen Preecoin: then@ow@@on@rthree way cataiyst
pe(rrwccpdmalgstqemdfmctwes:nsm&tavfﬂgcnowéﬁn?é:&ﬁﬁromﬂ@sé/lﬁehbmes

asol 1. pe en ine. Several exhaust treatnent
cagd e‘E e ipe é?fé%a&fqﬁ'&t? &PnEQ)is signifigantlypyighasithan with the
er@snﬁneemgm ons, and in all sectors the |evel of
sul fur jnt uel affects efficiency of the
t echnoP&Y§™@ axhalst treatmeph teghpelogissi aenemesging dai cestrol of

Calleéeltehglnéierﬁﬁélbhﬁ tav.d il el 5BSHADHE level of .ﬂ.ﬂfuﬁ ﬁ?ﬁh@%eioéffects
tﬁ? tICglgl) ?@Elfl Di esel emSS|ons
o 3he teclipalogy, Sulfbnisa 9af|afv§bp@ﬁ¢lbthq§aeduaealcataiyﬂc
emgﬁﬂtyonFum:ugm\xg? elﬁ Q?%'cfbgireﬁnt g’ﬁ gﬁiﬁ%yh@ '&oﬁfrolsdfl i %ﬁelaé}ﬂzssmns
E’ %#“PE%%’& also clealss @ saropdanydreble @‘t;@ﬂ@mﬁajg ieorigsion, due
cwnamﬁmmmdamah tdf%mf@nﬁw?ea%bﬁ%@ma@r fté f‘cfrpl'f 5 Yate mist.

I gni, tion engl nes due

dﬁﬁse'?‘@h?' (pﬁﬂ?‘ﬁﬁﬁ a8 Ahiostiryot Rﬁ"t'wl@tﬁmsﬁi@w@ust i on.

Conpr e€sinpredsibhi igrﬁtfbnr @ﬂginéeérrﬁéémsﬁifﬁp fﬂfrcr_ #8be of spark
droletsmave ean air/fuel mxture

cbqull?gt gtheéﬂff%@"f mefhashemployed t@ﬂnlfdﬁﬁ lsombustion.
bellmn'qﬁegd’l’darc hgdllﬁitdi?edtm'e‘é' SothbistdRt bty rl.l@l Qﬂ&ﬁie@afnt ' C&@t fean

$SI ons.t han Qs&gesent in gasol | ne engl nes
el Rdireq st? ysiiengerosees dpaves iny2Barticles of carbon

hbdhmd awhieh KBS 3b 0£I§mﬁéeﬁ1tf§' Eﬁhéx‘ PaRiclMtd Caeﬁé?;Bﬁ@%{x#eare
CABSPHER $R3dli0% areos-ale-adts than eperetih ihe CO and gaseous
hydrocarbon emissions are significantly lower than the gasoline engine.
However, significant quantities of unburned hydrocarbon are adsorbed on the
carbon particulate. These hydrocarbons are referred to as SOFE (soluble
organic fraction). A root cause of health concerns over diesel emissions can
be traced to the inhalation of these very small carbon particles containing toxic |
hydrocarbo_ns deep into the lungs.

While an increase in combustion temperature can reduce particulate,
this leads to an increase in NOx emission by the well-known Zeldovitch
mechanism. Thus, it becomes necessary to trade off particulate and NOx
emissions to meet emissions legislation.
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cause yield loss, faster catalyst coking, and product quality deterioration (e.g.,
color). Using high pressure requires a large capital outlay.

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

The art is replete with processes said to remove sulfur from distillate
feedstocks and producis. One known method involves the oxidation of
petroleum fractions containing at least a major amount of material boiling

above very high-boiling hydrocarbon materials (petroleum fractions containing
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U.S. Patent Application Publication 2002/0035306 A1 (Gore et al.)
discloses a multi-step process for desulfurizing liquid petroleum fuels that also
removes nitrogen-containing compounds and aromatics. The process steps
are thiophene extraction; thiophene oxidation: thiophene-oxide and dioxide
extraction; raffinate solvent recovery and polishing; extract solvent recovery;
and recycle solvent purification.
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25 petroleum fractions. This subject process involves the steps of contacting a

hydrocarbon feed stream with an oxidizing agent followed by the contact of the

oxidizing step effluent with a solid decomposition catalyst to decompose the

oxidized sulfur-containing compounds thereby yielding a heated liquid stream

and a volatile sulfur compound. The subject patent discloses the use of

30 oxidizing agents such as alkyl hydroperoxides, peroxides, percarboxylic acids,
and oxygen.

WO 02/18518 A1 (Rappas et al) discloses a two-stage desuifurization

process which is utilized downstream of a hydrotreater, The process involves

an aqueous formic acid based, hydrogen peroxide biphasic oxidation of g
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catalyst.

The separation step is carried out with a selective solvent to extract the
sulfur-oxidated compounds. Per the teachings of Cabrera et al. the preferred
selective solvents are acetonitrile, dimethyl formamide, and sulfolane.

A number of solvents have been proposed for removing the oxidized
sulfur compounds. For example, in U.S. Patent No. 6,160,193 (Gore) teaches
the use of a wide variety of solvents suitable for use in the extraction of
sulfones. The preferred sclvent is Dimethylsulfoxide (DMSO).

A study of a similar list of solvents used in the extraction of sulfur
compounds was published by Otsuki, S.; Nonaka, T.; Takashima, N.; Qian,
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consi dered a "reduci ng" solvent and can hydri de
certain netals thereby weakening them Therefore,
exotic alloys are required to handle formc acid. 10
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_____ 4 _PCTf US2003/036746.9 . W ;
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would appear to be beneficial to enrich the diesel fuel with saturates
(paraffins) by removing these aromatics, which achieves a higher cetane
number in the fuel. The downside is that the extracting solvent's stream size
would swell dramatically and would contain these monocaromatics of some
value which must be recovered. For example, it is known from the above ciied
article that DMF can extract unoxidized dibenzothiophenes, but it also
removes a substantial portion of the oil. A significant effort would be needed
to recover the hydrocarbon and not co-recover the dibenzothiophenes. |
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PQH&:QM&% zé'i'ﬁ'ns %\D its boiling properties, and the fact that it wil not
leave behind nitrogen or sulfur. However, a significant fraction of the total
hydrocarbon will also be extracted into the methanol layer. Methanol is also
disadvantaged by the fact that it does not rapidly separate from the diesel.

In view of the above, it is clear that there is a need for a less complex,
economic distillate or diesel desulfurization process that does not employ the
use of toxic solvents such as acetonitrite or DMF, super-solvents such as
DMSO or hard to separate solvents such as DMF.

 The present invention provides for a relatively simple process wherein a
portion of the oxidized sulfur containing and/or nitrogen-containing organic
compounds contained in a hydrocafbon feedstock are extracted
simultaneously during an oxidation process step and subsequently separated




Anot her concern wth the use of the above solvents is
the boiling point. A higher boiling point would nmake
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(c) . contacting at least a portion of the first hydrocarbon
stream with a solvent comprising acetic acid and water in a l'irquid-liquid
extraction zone to produce an extract stream containing at least a
portion of the oxidized sblftjr-containing and/or nitrogen-containing
organic compounds and a raffinate second hydrocarbon stream
containing a reduced amount of oxidized suifur-containing organic
compounds and/or nitrogen-containing organic compounds; and |

(d) recovering the second hydrocarbon stream.



si mul taneously during an oxidation process step and
subsequently separated WO 2004/ 061054

PCT/ 052003/ 036746 11 via a decantation or phase
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cases performance of the refinery transportation fuel or blending components
for refinery transportation fuel obtained from the various alternative feedstocks
may be comparable. In these cases, logistics such as the volume availability
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becomes necessary. Average reaction zone temperatures can range from
about 200°C to about 450°C, preferably from about 250°C to about 400°C,
and most preferably from about 275°C to about 350°C for best results, and at

30  apressures can 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
- bressure and hydrogen required for the hydrodesulfurization step are
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volume hydrogen for best results. Hydrogen can be supplied from a hydrogen
plant, a catalytic reforming facility or other hydrogen producing process.
Since the hydrogenation reaction is generally exothermic, interstage
30 cooling, consisiing of heat transfer devices between fixed bed reactors or
between catalyst beds in the same reactor shell, can he 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
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Useful distillate fractions for hydrogenation in the present invention
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range from about 50°C to about 425°C, preferably 150°C to about 400°C, and
30 more preferably between about 175°C and about 375°C at atmospheric
‘pressure. The lighter hydrocarbon components in the distillate product are
generally more profitably recovered to gasoline and the presence of these
lower boiling materials in distillate fuels is often constrained by distiliate fuel
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25 - derived from high sulfur crude, coker distillates, and catalytic cycle oils from
fluid catalytic cracking units processing relatively higher sulfur feedstocks.
These distillate feedstock components can range as high as 2 percent by
weight elemental sulfur but generally range from about 0.1 percent by weight
to about 0.9 percent by weight elemental sulfur.

30 Nitrogen content of distillate fractions for hydrogenation-in the present
invention is also generally a function of the nitrogen content of the crude oil,
the hydrogenation capacity of a refinery per barrel of crude capacity, and the
alternative dispositions of distillate hydrogenation feedstock components. The
higher nitrogen distillate feedstocks are generally coker distillate and the
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 makes it vulnerable. to oxidation in manners similar to sulfides.
In one aspect, this invention provides a process for the production of
refinery transportation fuel or blending components for refinery transportation
fuel, which includes: providing hydrocarbon feedstock comprising a mixture of
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second hydrocarbon stream is then optionally recovered as a transportation
fuel or a blending component for blending transportation fuels or contacted
with water in a second liquid-liquid extraction zone to remove any undesirable
amount of acetic acid present in the second hydrocarbon stream. A third
30 hydrocarbon stream suitable for use as a transportation fuel or blending
component for blending transportation fuels having a reduced amount of
~acetic acid, sulfur and nitrogen is then recovered from the second extraction
zone.
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pQigelon of the oxidized sul fur-containing and/ or
Advantageously, the immiscible phase is an aqueous liquid formed by
admixing, water, a source of acetic acid, and a source of hydrogen peroxide in
amounts such that the amount of acetic acid present ranges from about
80 wt.% to about 99 wt.% and more preferably from about 95 wt.% to about 99
wt.% based on the total weight of the immiscible phase.
The reaction is carried out for a sufficient time to effect the desirable
, degree desulfurization and denitrogenation. Preferably the residence time of
the reactants in the oxidation zone ranges from about 5 to about 180 minutes.
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U RGR®Y substituted sulfides oxidized. Since the amount of tightly substituted
sulfides present in a hydrotreated crude is rather small, the yield loss is
correspondingly small. Further during the biphasic oxidation step, a portion of
the oxidated suifur- and nitrogen-containing compounds are simultaneously -
extracted into the immiscible phase containing the hydrogen peroxide, acetic
acid and water.

The oxidation zone reaction can be camied out in batch mode or
continuous mode. Those skilled in the art may employ a stirred tank reactor,
for the batch operation or a continuously stirred tank reactor (“CSTR") for the

- continuous mode operation. In the CSTR reactor the residence time range
pertains to the average residence time of the reactants in the reactor.
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25 and Iess than 20 ppm N, can then be recovered as a fuel or fuel biending
component.

U‘l

To the extent solvent remains in the product or second hydrocarbon
stream, a second water liquid-liquid extraction step can subsequently be
cartied out. :

30 The second water extraction step involves contacting the second
hydrocarbon stream with water in order to exiract the desirable amount of
acetic acid remaining in the second hydrocarbon stream.

A third hydrocarbon stream having a reduced amount of acetic acid is
then recovered as a fuel or fuel blending component. The preferred operating
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DETAILED DESCRIPTION OF FIGURE 1

25 An embodiment qf the present invention is shown schematically in
Figure 1.

Diesel feed (1) containing sulfur-containing and/or nitrogen containing
organic impurities is passed to the oxidation zone Reactor (2). A stream
containing acetic acid, hydrogen peroxide and water is introduced to the

30  oxidation zone reactor via conduit (3). The reaction mixture is passed to
separator/settier (5) via conduit (4). Separator (5) serves to separate a first
intermediate hydrocarbon stream having a reduced content of sulfur and/or
nitrogen-containing organic impurities. Conduit (7) is used to remove the
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The reaction conditions, desulfurization, denitrogenation, and material
balance results are summarized in Tables [l through V. The desulfurization
and denitrogenation results are listed separately for post-oxidation and post-
extraction. The former gives the results of desulfurization and denitrogenation

25  after the oxidation stage, and the latter glves the results after the liquid- -liquid
extractlon stage.



Monoaromatics 33.7 Diaromatics 5.1 Triaromatics 0.2
D86 Distillation (%9 OF IBP 339.3 5.0 393.3 10.0
412.5 20.0 438.2 30.0 461.7 40.0 482.6 50.0 501.2
&b fhopddesa 70.0 544.6 80.0 570.5 90.0 608p8rySnsizeras
645.8 FBP 658.5 5 WD 20041061054 PCT/ US2003/ 036746

26 Several batch experinents re carried out
denonstrating the process of the present invention.
The diesel feed had the conposition set forth in

Tabl e 1. Hydrogen peroxide, acetic acid, water, and

di esel fuel |oadings were 5¢higlf constant in all of

t hese experiments. AUx&&ﬁ&:DitS@WB@Min[iﬂsOf a round-
bottom f]l ask, an overhead agitator, reflux condenser,

a ni tr.ogep.i-nl et land outlet, a eafi n el S =
chiarged: g{mﬁ?‘h 300 g gf di e's‘zgl _‘-'(,34 pgm % 11 p:)m7.'
N)|, SQQ,Og;a@ﬁ gl acji ghpeatetic a - 1. 01 g|30%a
hyldr-ogen—peroxide Aol 25 5 % © 5 stillled andnosnore

di ohcuzéatalgstD&Eung watoer | The rsag_t5| on 30 1M x{gir ¢ was 50
agdi t at edwi#lgor ousl y ang heati hg was| i ni tilat ed. )

NIt T ogen was—fedthropgh—an—tntet—to—sweep-the : .
syr ‘°°f’ e@i|xt urefto preyvent g buil dup of | oxygen. -
fiom any roxi dg decoprpositipn. Ofce the reaction

t @ oerQxidatics Soifudl 25.2 43.5 403 | 484 | 394 | 481 45.5
Post-Extraction Sulfur | 246 | 467 | 452 | 516 | 412 | 484 | 504

Post-Oxidation 536 56.3 571 58.0 52.7 50.0 48.2
Nitrogen ' '
Ppst—Extraction 76.8 78.6 78.6 78.6 75.9 75.0 76.8
Nitrogen -

Balances (%)

Post-Oxidation Diesel 107.2 105.7 1059 | 1058 | 10689 | 1058 106.7

Post-Oxidation 82.7 86.1 81.8 82.2
o A 78.3 82.2 83.8

HOAc
15t 85% HOAc 1087 | 1084 | 107.3 '
1t 85% HC ) 107.2 | 1091 | 1040 | 1088
2nd 85% HOAc 1022 | 1022 103.0 '
2nd 85% X 1030 | 1020 | 1028 | 1026

3rd 85% HOAc 117.0 102.0 1010 | 100
! . 2 | 100.2 | 1014 98.6
1st Water Extraction 105.9 106.3 1056 | 1045 | 1

: . . . . 053 | 1056 105.6
2nd Water Extracf:on 100.1 99.4 100.0 99.8 100.0 | 100.8 99.9
3rd Water Extraction 100.3 100.3 100.6 | 1004 | 100.8 99.7 100.3

Diesel After Extractions | 85.1 83.6 93.4 83.8 82.6 84.6 83.3




reached the targeted level, the mxture was stirred at
that tenperature for a predeterm ned reaction tine.
After the oxidation period had el apsed, the 15 di esel
wWoshificiwas cool ed and decanted, and sanpl edpdRsren:R88046
N anal yses. The diesel [|ayer s then extract edS th
three portions of 85% aqueous“dcetic acid (2:1

di esel / solvent, ratio). The diesel |ayer follow ng
these extractions was then subjected to three
extractions with water (in abbleddlance with a 1:1

di esel / wat er wei ght Paigation at 547 a128 Blinutesr oduct was

t her—stbm-tted—for—S-and-N—20-analyses. The reactjon

cond| t| oﬁ &80 desul fudi z4t i _cm. Jlermt rogefn.atl om. 4§ andyz |- 14

mafertat—bat-areg-result-s—aretsunmmrized lin Tahles |
t hir oug‘wld\ﬁata%te degstbfeutt i zat i orFormsietd deni tjr ogenahsBibric

resul r3 are tistgd—separatetyror—pest—ex
pois f\cldgé}éiﬂ}'%bqapiam P98 {orhBr pi @8s t heor dsul.a s{ofes 5.0
delsul f ur?ti on 4nd deni trogehati on 25 afiter the

oxi HafkBhk ;naggd and the TattTgr gives thg resufts
aftWﬁ‘TE& 4liquif extraction stagg. WO
2004/ 061054 PCT/ US2003{ 036746| 27 Table 11 Oxidation

at| g{ x?? ﬂz’fmt@%‘?’mn 423 | 46.13 |4 588 |738pc] d412 | 554
cat ar y 3y <o) hodffior | ®84ci|d 584t 41 ¥36 | oskN np 620

o.q:gst;bgt%sso 01 ( Redycti {rom
Femmgg:%apgst-ou i2o 2o a8nr | M JTRRAE 808 eS| e
39 PéstehiraltiohS. 5  Posd.s Ext ragt i oryggul|f yp »24. 6 P

51 Ngrogen. 2 48. 4 50.1 Post- Oxildati o 53 6 52‘?‘% 377641]1;5 23

58..0.52. 7 .50.0.48.2 N trogen Post-Extra¢tion 76.8

74.6 78.6 78.6 75.9 75.0 76.8 N trogen Bal ances (%
Pdst - Blanees G Df esel 1107.2 105.7 105.9 105.8 106. 9

10Pot oklifiol Diesel | 1087 | 1062 | 1059 | 1053 | 1082 | 1052 | 106

Paost-Oxidation 73.7 822 81.0 74.6 .
Aqueous . 814 81.5 803

HOAc

Ist85% HOAc | 1087 | 1087 | 1093 | 1079
Exiraction , . 105.0 | 1089 | 1057

2nd 85% HOAc 1022 [ 1030 | 1028 ' '
Extraction 8 | 1024 | 1038 | 1020 | 103.0

3rd 85% HOAc 101.6 102.4 102.4
Extracton R 102.2 99.8 101.6 101.0
1st Water Extraction 104.9 105.1 104.9 1054 1051

: . . . ¥ . 105.1 105.3
2nd Water Extracglon 100.3 97.3 100.7 999 100.3 100.4 100.5
3rd Water Extraction 0.00 100.7 100.0 96.8 100.0 100.1 99.7

Diesel After Extractions | N/A 83.1 83.1 840 | 85.4 84.3 84.7




Post-Oxidation 82.7 86.1 81.8 82.2 78.3 82.2 83.8
Agueous HOAc 1st 85% HOAc 108.7 108.4 107.3 107.2
109.1 104.0 106.8 Extraction 2nd 85% HOAc 102.2 102.2
Wo2064084034 0 102. 0 102.8 102.6 Extraction BrQﬁ%{gGI;]@ﬁq“
117.0 102.0 101.0 100.2 100.2 101.1 98.6 Extraction
1st Water Extraction 105.9 10‘%93 105.6 104.5 105.3
105.6 105.6 2nd Water Extraction 100.1 99.4 100.0

99.8 100.0 100.8 99.9 3rd Water Extraction 100.3

100. 3 100.6 100.4 100.8 99.7 100.3 Diesel After
Extractions 85.1 83.6 93.4 8iyHv82.6 84.6 83.3 5 WO
2004/ 061054 PCT/ uszomamiaﬁmwca&omm I I | Oxidation

aj 50C 120 M putes |.Rup 819, .10 14 “Adid
At al vsr—'ﬂone Fof mhg F’hosulghor'i 017%@ d Eat Al yét Loﬁ%il g #1

O

0 OOA@C j 5 2.5 5. &vvt% RefuctTaps_trom
Feed ?\qt%ﬂ ! dat %OJ@S |fur qu 52, gﬂ'ﬁ%’.h%“c
4|l .AdidTatalst LBRSY - EXd.doadt i . Sul Q, ah ?_048. 75,857 5,
4p. 6 42(@%52 O Post - @xi dat i cn 25 56 3i 57.1[55. 4
56527+ 482—N+t+roegen—Posti—Extraction-59. 8 [76. 8
7p Beduptong i Feed76. 8 72.3  Ni t|r ogenj Bal ances (% .
Post - Oxi{#tion O esel [106.7 106.2 105.9 [105.3 [108.2| . *
1PBosROEE oS uliur 41.7 56.5 58.6 62.3 51.3 56.8 522
Post-Extraction Sulur 42.0 63.8 629 66.4 67.5 66.4 71.3
Post-Oxidation 22.3 51.8 55.4 57.1 46.4 57.1 55.4
Nitrogen
Post-Extraction 59.8 75.9 76.8 76.8 75.0 77.7 759
.| Nitrogen

Balances (%)

Post—Ox?dat}on Diessl 106.5 105.4 105.5 104.3 104.4 105.3 106.4
Post-Oxidation 74.4 62.1 77.2 78.5 73.8 77.1 77.62
Agueous .
HOAc
1st 85% HOAc 1111 110.9 110.3 107.4 107.9 107.3 1071
Extraction
2nd 85% HOAc 103.0 102.8 102.6 102.2 101.2 102.8 103.2
.. { Extraction
1 3rd 85% HOAc 102.2 i01.8 102.0 101.4 100.8 101.4 101.2
Extraction '
1st Water Extracﬁ?n 104.9 105.1 104.7 105.1 105.5 105.5 105.7
2nd Water Exiraction 99.6 99.9 100.0 99.8 100.1 99,7 100.5
3rd Water Extraction | 1008 | 101.3 | 1003 | 999 | 1004 | 1002 | 1002"

Diesel After Extractions | 828 81.8 823 84.4 83.9 83.5 838




Post - Oxidation 73.7 82.2 81.0 74.6 81.4 81.5 80.3
Agqueous HOAc 1st 85% HOAc 108.7 108.7 109.3 107.9

105.0 106.9 105.7 Extraction 2nd 85% HOAc 102.2 103.0
W0 okfdds 4 103.8 102.0 103.0 Extraction 3rgSR%dH MG

101.6 102.4 102.4 102.2 99.8 101.6 101.0 Extraction
1st Water Extraction 104.9 10891 104.9 105.4 105.1
105.1 105.3 2nd Water Extraction 100.3 97.3 100.7
99.9 100.3 100.4 100.5 3rd Water Extraction 0.00
100. 7 100. 0 96. 8 100, 0 100. ffablgV7 Diesel After
Extracti ons N A 83. 19%dation ayBOiC at20Magwtes 84. 7 5 WO

iy . .
2004+ 061054 -PCTHYS2003{-636+46—29—F A _Oxidation

at. /80C Mo M nyt, €2 RJ.[T 26 1} 6247 |1. 249 |202@21| Agid| 28
Cgt-at-yst—None—Fott-e—Phosphori-e—AcHd-Cat | ysi.Loading
0./00 fcigCatalgst5 O [IN@e2| 5 5.0 Femtid . ) Redu cti onsm:fsﬁr@m
Felg: POStT- Oxijdatton—Sut-f 41565458662
5] %é‘%fg Pagng poQP0 Ext rmtﬂ;nasm f 5042, 01638262, B 50
66. 4 67 6.4 71.3 Ppst-Oxijdation 22.3(51.8 b5.4
5f§ed§b§0n%f Fepd 4 N trogen Post-[EXTragtion $9.8
7%. 5.0 77.7 75.9 N trjogen Bal ances (%
Po Dﬂ esel 106.5 105.4 105.5 104.3 [104.4 | . =
10 S"t;' o Sulfur 55.4 58.8 60.0 57.4 54.5 58.3 62.6
0 |0n Sulfur 64.4 64.6 66.4 62.9 70.4 67.5 73.3
Post-Oxidation 223 56.3 571 53.6 56.3 53.6 545
| Nitrogen
Ppst—Extraction 63.4 76.8 76.8 74.1 76.8 75.9 75.9
Nitrogen '
Balances (%)
Eost—Ox!datfon Diesel 106.1 104.4 104.8 103.2 102.8 104.2 106.1
ost-Oxidation 70.2 70.1 B9.6 62.9 87.2 58.2 729
Aqueous
HOAc
ist 85% HOAc 110.5 107.7 105.7 108.1 105.4 107.3 107.9
Extraction
2nd 85‘.’/6 HOAc 103.2 103.0 102.6 101.6 1020 102.0 103.2
- | Extraction
| 3rd 85% HOAG 1020 | 1012 | 1014 | 1 '
Extraction 02.8 101.0 1024 101.6
1st Water Exiraction 105.0 104.9 105.1 1052 | 1054 | 106.1
2nd Water Extracpon 100.0 99.5 101.0 99.5 100.4 100.4 13?2
3rd Water Extraction 100.3 100.6 100.3 100.9 100.3 99.4 99.6

Diesel Aiter Extractions ' 831 84.6 85.1 85.8 84.3 84.7

836




Post-Oxidation 74.4 62.1 77.2 78.5 73.8 77.1 77.62

Aqueous HOAc 1st 85% HOAc 111.1 110.9 110.3 107.4

107.9 107.3 107.1 Extraction 2nd 85% HOAc 103.0 102.8
10R2084/d400542 101.2 102.8 103.2 Extraction 3rpbﬁ@§j»dj_@e@45
102.2 101.8 102.0 101.4 100.8 401.4. 101.2 Extraction

1st Water Extraction 104.9 105.1 104.7 105.1 105.5

105.5 103. 7  2nd Water Extraction 99.6 99.9 100.0 99.8
100. 1 991 fi§éa rganizgd) inweagh iedle aperiin aldbed tabparison of

L0, MRl 5y A

PCTP

kesphens Geil additiges Tathe wxidationazonsn uadesothentise Jdentical

M nedrRftiondn ”I‘abl%sll%n?ﬁns : t%g?ﬁf }5@% I?_ég,gicﬁ%ﬁfglaegg%%gﬁ_o&daﬁon

Form c Phosphoric Aci 3
%I_o scondgiofs gt 50% Bn60 Mmiguteed Eyen underfthese e dhild conditions, the

P

4
Po

15

- 20

25

30

o hreSkndtabl Mo Feh Wi Zondertiisiin 061 heddeil Gtafstoftoled, to be
67, eenpficil torthetnresass f ithm inventore 6F @ ex@Mple 3h6 aB6itian of 5 wi%

$3. ;ﬁqc%ghg-ic?%lﬁg r@%ﬁ%dﬁﬁﬁn; @é@e%@%tit:l g%%lgifm?g & RiidGing extracti?n

Post - Extract’i on

a

éfi}f!'@?ﬁﬂfaﬁtism)rbpég% (Ruoe)l 104.4 104.8 103.2 102.8

10104. 2_18%ble W Giihis b B8 58t dPexbefifheRtsTReichl 16Table 1

except that the oxidation temperature was increased from 50 to 80°C. The
level of desulfurization was increased slightly under these conditions.' The
addition of an acid catalyst provided a higher level of denitrogenation than in
Run 15 where no acid catalyst was used. Overali, the denitrogenation level at
80 °C was not much better than the 50°C experiments after 60 minutes.

A comparison of the data set forth in Table Il with Table IV clearly show
that increasing the temperature serves to increase the desulfurization.
Apparently, the addition of more than 1 wt% of acid catalyst brings about only
slightly improved results at both temperatures. Both acid catalysts at 50 and
80 °C gave essentially the same results.

A comparison of Tables Il and lll wherein the temperature was fixed at
50°C while the reaction time was increased from 60 to 120 minutes showed
that the reaction time did not make much difference in terms of desulfurization
at this temperature except when 5% acid catalyst was used where a higher
level of desulfurization was observed. However, by allowing the reaction to
proceed for 120 minutes the increased residence time permiitted the oxidation
with no acid catalyst runs to provide equivalent results with the acid-catalyzed
experiments. |

A comparison of Tables IV and V where the temperature was fixed at
80°C but resident time varied from 60 to 120 minutes reveals that phosphoric
acid was superior at 80°C and 120 minutes. Formic acid did not provide any
advantages under these higher temperature and longer reaction time cases.
At a shorter reaction time, again, one weight percent acid catalyst provided the

optimum results.



.Agueous HOAc 1st 85% HOAc 110.5 107.7 105.7 106.1
1Cq)5.4 107.3 107.9 Extraction 2nd 85% HOAc 103.2 103.0
102.6 101.6 102.0 1020 103.2 Extraction 3rd 85% HOAc

200406654 2 101.4 102.8 101.0 102.4 101.6 Ei{évf,@é‘zbé:;%m“
1st Water Extraction 105.0 104,9 105.1 105.2 105.4

106.1 104.8 2nd Water ExtractPon 100.0 99.5 101.0
99.5 100.4 100.4 101.2 3rd Water Ex_tractl on 100. 3
100. 6 1dosanpaBop of e, denditogenation dabi keteterATilsiE 1| and Table IV

i .1 ..85. 4 4.7 83.6 .5 WD
A BBl b U ok e o
or dagrees f bepafiltfraratheeuse ofritcatalyiit palyt at @OMD Akt the Lontrol,
d i zat | d i i PR LA no aci
O U 820 i s

5i nWﬁ#’e‘?QSﬂifadpr-on zolne under ot her\évl. fsfol deﬂt i jc: t
Sover ¢ Ecompldtiofl drling ABhMOBRRSR A0 S idhth 1> Billes 1l ana v
m Mteé%theaeeweocmﬁ:memmedatw2mrhiduteenbi'¥ttﬂ'tm@c§npé_r§@re varied
~ . epntrati.pon o e acj o
Co o 88 10 800G SERe the G AR b by s pdield 800 and
t hd20nwmimetes nwittF cthe eadditiore, oft loaeaddight overeént5pHéphoric acid,

105 cERRRIG R FRE Aoy P Bl eassrine dopiteasnatipn.
to 50% [Revery)run 1oe mdaalah@smmcp Ehag aheg d{e’st@{]ﬂg?elf ﬁiger the
o R WR vl it i, J00%S e vipisbot e sneel fver i
% Ibkéllutf &?ge d@fgptd dis ddsaipition tof Giteti@ acid N CTHRABSS ofhddidldcid to the
caniet S dan ok 28RS 36 Gy i ogess of Ggeliaarinirom the

15t haxidation, Remeysr. witels coeliovert thiat athé Aoyt adias%ﬂgﬁ%as\eé Jvere most
o ioet 8% Rl o B DR b fae aficuen swecp st rocton
mi iemResature. cAnpacinsalatiat ot@eddﬂ?.ﬁs lfc@?dnﬂ%ﬁége'ﬁg rirréh}g'tﬁe reflux
t e5afdoRcr a8 onbelVeRs” 8 js” BelivepinBls et il mapariosh, ikely the

missing acetic acid/water.

20 The 1% 85% HOAc extraction balance was the highest in comparison to
the subsequent second and third extractions. |t is believed that the higher
balance from the 1% extraction comes from the back-extraction of the oxidation
acetic acid from the diesel layer. However, the back extraction is not entirely
successful because the 1% D&D water exiraction had the highest balance

25 within the water-extraction set. The high balance is due to the removal of
.écetic acid. Subsequent water extractions resulted in mass balance returning
to nearly 100%. Overall, the diesel balance was fair, on average 85% of the
original diesel by weight was recovered. The remaining diesel was probabiy
extracted by the solvents, which can be recovered by conventional means.



Apparently, the addition of nore than 1 wt% of acid
catal yst brings about only slightly inproved results

at both tenperatures. Both acid catal ysts at 50 and

D flebe1ekave essentially the same results. Aperusiosinezis
conpari son of Tables Il and I1]. wherein the

tenperature was fixed at 50C3%hil e the reaction tine
was i ncreased from60 to 120 mi nutes showed that the
reaction time did not make muEkardpfdfZrence in terns of

desul f ur4 LD i,s .tenperature except when 5%
aci d car 1 el Sline Tl sRE S EAhifEon ktesrea Ron 26 and Run
des?¥ tanied awsisenfonthsin Exaampked. Howewae Run20 ihd QiHiBd af A 8igher

coPHitn' BrpBRTET 1080 dRatking e of i st

Zatalyst. runs to provide equivalent results with the

aci d- cal,al yged .experi nent A conparison of Tables IV
and V wrere=th hatison of Unoptimized andOptimized ©xidation
resident tinme varied from 88nHRiohg0 M nutes reveal s

that phespheri-c—acid-was Siperior_at 80C and 120

m nut ﬁ%ﬂﬁmm ¢ a¢i d did not="prdi-de .any -~ advaBages ;| .
under [ERERR T gher—tenperature aha—-erger e
tine St At a shortdr react®¥h tine| adaviye HoRQ«

wei ghg HferCemd. aci d cat gl yst pgg%%ded the op[!i&rmm
r esul tin Dis¥el Ay 061054 IPCT/ US /036746 327

conpal Temperafuré (ecyeni Triogenat Hpp data petweergrable
Il a I\V..where fihe tenperature as varréed at

50 and By 60 minutds reveal that 12here was a

benefiiSodk f se-ofta—catalyst—enby—at—80C versus

the dontrol. I('gmcj:: t he tenperat‘lg?e was st abl i¥%d at

50 C |[fRost-&x $rppui)es, thg catalygf 5 Was hol aghactor:

A conpar-sen—of the deniftrogenati on datia set forth in
bl

Ta q'siuﬁﬁ@;?‘éibv‘(?%ere t he rediedence tj me was73i xed

- at 120 W nurEs,; bt tire tenperatur-e—veart-ed—-om-50-10

80C, showed that high denitrogenation was achi eved at
80C andBY 1igiing fuwtss ptioshhorite asiddand eediringofie Wahedthture to

"~ {gpe ti [ j - 0 lncregsi the acid,
0ot R PRBdBte © 86tfioart (pPESC R Aikirousn Peroxide usage by
deAP¥rlgguavde enconstantlevelofrdesulfimzatiass bal ance showed

" that the diesel layer afteg_the xi dati on was
i nvari ably higher than 10 oa"ﬁﬁlg‘gv\el ling of the

di esel 1y 8imbSaiedd Y, be. due to its adsorption of
acetic aci g mThée%ééggélo%sggdﬁﬁx@W&? g Y& ?'%@ used in the instant
15 example. The process conditions for the oxidation are summarized in
Table VII.

Table VIl.  Process Conditions for Hydrogen Peroxide Optim.ized Study

Parametet ~ ©  “ .7 " - | Tdrgeted Level -
Protic Acid Phosphoric
Acid Concentration (wt% in Feed) 1

Diesel {(g) - 300
Glacial HOAc (g) 300

D&D Water (g) 255
Temperature ( °C and °F) 80, 176
Time (min) 1’20




di esel | ayer does not account for all of the |osses of
acetic acid fromthe 15 oxidation, however. It is
believed that the acetic acid and water were nost

wo k@hyeibst as a result of the stripping aCi’b’?/ﬁSﬁﬁSleE'ﬁﬁ
nitrogen sweep at reaction $ erature.

accunul ati on of a colorless | gﬂld dommstrean1fron1the
ref | ux—gcQl pas. observed. It is believed this
mat er i 30?hthchd§ﬂdMQKg)y the m ssing aceVmable
acid/water. 20 The 1st 85% HOAc extfyaction bal ance was
the highest in conparison to the subSequent—secord
and third extractions. It is believed that the higher
bal ance fromthe 1St extraction conmes fromthe
back-extraction of the oxidation acetic acid fromthe
di esel |ayer. However, the back extraction is not
entirely successful because the 19t D&D water
extraction had the highest balance 25 within the

wat er -extraction set. The high balance is due to the
renoval of acetic acid. Subsequent water extractions
resulted in mass bal ance returning to nearly 100%

Overall, the diesel balance was fair; on average 85% . =

of the original diesel by weight was recovered. The
‘remai ning di esel was probably extracted by the

sol vents, which can be recovered by conventiona

means. WO 2004/ 061054 PCT/ US2003/ 036746 33 Exanple 2
The follow ng Table VI shows a conparison between a
Run 28 and Run 29 carried as set forth in Exanple 1.
However, Run 29 was carried at a higher oxidation
tenperature - 100C and wi thout the use of an acid
catalyst. 5 Table VI. Conparison of Unoptinized and
Optim zed Oxidation Conditions Run . ~:29.:  Catalyst
None 5 wt % H3PO4 H2O2 Conc. in 1,463 1,010 Diesel m

4




Tenperature (C) 100 80 Tine (mn) 120 Post-Ox S (ppm
127 129 Post-Ex S (ppm) 96 92 Desulfurization (%9 72
73 By adding 5 w % phosphoric acid and reducing the

WwomesRidsie to 10 80C, it is possible to  perasanesnsers
significantly reduce the hydr n peroxi de usage by

45% to provide a constant |evel” of desul furization.

Exanpl eeﬁ] The sane diesel fuel used in Exanple 1 was

al so used RGN RACedUrS wagdhp|sameTas spt foplsia Example 1.

condvdrb : O] i O e s rized in Table
U 1 VOgAE bRt o Bl B moleF Gty Pl rangs from 0
- Per§d0§& opi, 0D 1e8,0B0UTHM hijtrogem heroxiba'id Qad) ﬁg& eho examine
Pr o[h % ﬁ&hﬂgghos oric, Acid Concentration (W% 1n
Fee ? ? '\ bygie agideatalyst e ryng) weretalsdéarried out in
SNatthe abgdnce@fan Agesa: : 76 _Tinme
mn 120 V0 2002/%_61o5%%@?5%5%%@%%@99%%@8%%%
Loadi ng TPgudaiealractiof wetm /coBaBatiBICT: BR2ORARASE Ete, the
35 [ re was, the sane as set
For T RACIOREEE WIF et RIDERONL e 2Reastie " Sets Snir feee ciferent
ex @dyeoumacaticradid eslvexiplhawving dcdtié e 0g ;
or 9§°/0\%r§retgl 3, OBOd&ﬁE hydr Efgen Se?g@?&fg In agllogég{ %Q’ 8/8,.a.{__1d
feed.” 16 eXanicHaed Hg. &}éﬂwmame alieamsdeetly acidexaactibns, the
10c atiEspbiayertiies the i o ' the
absenoe b a He eXIEC e i IneR o Bt D et o
direct C@MPa¥lilsemmmdzes odatiore steppasd oxirat®esiep results for
COBSRBHARPhOI hAd tn%ﬁ-a%)ﬁ Eaa}glty'zé) o§i£i3t?oen’ o% t?}g diesel feed using an
-increasing loading of hydrogen peroxide.



extraction of the sane influent to the extraction
stage with three different aqueous acetic acid

sol vents having acetic acid concentrations of 75, 85,
anol20090esaer e al so carried out. Fol | ow ng t herpELe&USeT46
acetic acid extractions, the g O diesel layer was then
extracted with three portions™of D& water. Table VII|I
summari zes oxidation step and extraction step results
for both phosphoric and non-acid catal yzed oxidation
of the diesel feed using an i i ng | oadi ng of
hydrogen per oxoﬂ@uve\msaﬂ%ﬁ&%%%@e@s dnH%%QPp?Lf,dQ&‘éa?y‘é{é

36 Table VI11 Oxi dat iaveHjaeseh Perbiidedtdicadmblgsul t's as a

unct i of Acid-Catalysis and Hydrogen Peroxide
St oi chji ometken Run 1 2 3[425]637 8.9.[19. (080080 L0 | ¢ | 10
091 106 ;094 °109 097 112 10Q- Acjid Catalysisd Nolves | [
No Yed No Yes No YeSohO| Y88 | 1029 bat*N1deX] ber X 0007 | 112 | 100
2.5X 30X uz (] SEl TO0TO01, 51 204525
3,030-##i§@uuu;;u. £ m Yes ddNegsYes hhu|ﬁhs GNo4i e h No | Yes
58.8 G&8:F/BH 6 71. 6 6715 69./9 7AZXX5S 68. 72.0X St age-Jlgx 3.0X
Post - Ex,S biket 64. # 7Q.040 7140 %# 80 372@294 872% s-b 3
91.6 94p) (Stage-P) Post - trogen 22.3 5.3 333 L
58.0 BﬁaﬁmﬁgﬂQHSS D 65.pP 652 6q 6 |[(Stape-T) POSt-EX
Ni trogeseded) & / 78.6j{ 80.4 53./6 81.3 8p.4 83.082.1
85.7 %% t j a ?ggl € u Post - Oxijdati|on
106 1 >§‘§j£§%£ obtbs 205 263 188 | L4815 | o09 |725 |ea7
Post-Ex Sulfur 644 1704 | 71.0 [844 [ 803 | 904 | 875 [ 936 | 916 |942
(Stage-2)
Post-Ox Nitrogen 223 56.3 | 56.3 {58.0 | 536 {625 | 589 |652 |652 | 696
(Stage-1)
Post-Ex Nitrogen 634 |76.8 | 786 |80.4 . .
o) 536 [81.3 [80.4 [83.0 |821 |857
Material Balances
%
_Ppst—Oxidation 106 102 1105 (106 105 {105 105 105 |105 | 105
Diesel -
Post-Oxidation 70.2 67 73.2 | 75.7 )
rOridati B85 |792 |707 {771 {89 {790
1st 85% HOAc 111 105 {108 | 112 [111 |108 |107 [113 |107 | 111
2nd 85% HOAc 103 [ 102 {103 [ 105 {102 | 103 [ 103 {104 | 103 { 103
3rd 85% HOAc 102 101 1102 (102 ;101 [102 | 102 | 101 | 102 103
1st Waler 105 105 1106 (106 {106 |106 {106 |104 | 105 | 106
2nd Water 100 100 |99 100 99 98.2 | 99.5 | 99.1 99.2 1100
3rd Water 100.3 1100 | 100 [102 |99.1 [ 101 | 995 | 101 89.8 | 99.4
Final Diesel 83.1 84.3 | 85, ,
e e 11800 |83.8 {842 |84.1 |81.2 | 844 |813




Post -Oxi dation 70.2 67 73.2 75.7 65 79.2 70.7 77.1 89
79.0 Ag. HOAc 1st85% HOAc 111 105 108 112 111 108 107
113 107 111 2nd 85% HOAc 103 102 103 105 102 103 103

eodfRk93 3rd 85% HOAC 102 101 102 102 1 &
101 102 103 1st Water 105 105 106 106 106 1&0061]%% %“146
105 106 2nd Water 100 100 993100 99 98.2 99.5 99. 1

99.2 100 3rd Water 100.3 100 100 102 99.1 101 99.5

101 99. 8rdif ik rubidaed it (3 85eAreSitn theé fost-dxkjiadi i
84.2 84.1 81.2 84.4 81, 3pﬁ3a| ance. (e 2002/8@%5%%%“8"0%9.
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x ferTugZationgdifferenee sealween tasidd estalyizad iarat noracid catalyst
di t Ci at al and. acid catalyst .
c e eSS dieRheBC e AR BnBdiloR At SRt Giptain
stleps #tani eppmsolfirai n - 1 ess than 95 ppmsul fur. 15

15 Af ter g mequence of 85% ggueous acetic acid and D&
wat er ‘Ext r AcPFHIFEICE 2O 1 Be eRAVEHS c BPRYIS iasich e RSP i water

t hextmastibng, angreaitdr’ A@RBtIor A8 CEMYAd U Sthe! BulE SR nitr gen
steeper. reduction in sulfur concentration I's obsérve

asCaeentRlianR; q&n |geaaichgai steeprrr redgeiitn i GUIRE Sombmpiration is
2 S e 0 vl LA I AR GO AE  ro
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20 " As in FIGURE 3, a gap also appears between the catalyst and no
catalyst series of runs. The acid catalyst curve in FIGURE 3 shows a more
aggressive reduction in sulfur concentration, but the sulfur concentration
began to level out near 20 ppm sulfur (94% sulfur reduction) with three times
the stoichiometric requirement for peroxide. Correspondingly, at three times

25 the peroxide and no acid catalyst, the product contained 29 ppm which
represents a 92% sulfur reduction.

* The gap between oxidation step effluent and extraction step effluent

- sulfur concentration for the acid-catalyzed series (FIGURE 4) and the non-acid

catalyzed series (FIGURE 5) are also plotted. The gap between the oxidation

30 step suifur and extraction step sulfur widens substantially as the peroxide




catal yst series of runs. The acid catal yst curve in
FIGURE 3 shows a nore aggressive reduction in sulfur
concentration, but the sulfur concentration began to
Wﬁb,‘,&wﬁnear 20 ppm sul fur (94% sul fur redygt
with three tines the stoichionetric requi rem&*#tlsg{ﬂ)'w36746
peroxi de. Correspondingly, at 3Bhree times 25 the
peroxi de and no acid catal yst, the product contained
29 IppdingMiictbasede PTIRSERérande B8l A3/h o U&‘i{p'eﬂﬂlpoa&?m these
bet ween oxi dation step effluent and ext
F&F#phfent sul fur concentration for the
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ur..w I a as e per oxi

5000 SBTLSHTRCTROR0BBS) BabY A8veibsid sabiprgioes ealupst sufur

Th @Oﬂbéﬁtﬁfﬁ@ﬁcﬁ axfr c
se _bar graphs a&ﬂﬁ?ﬁ&)@ S?%? egﬁdlﬁéﬁ \d gv%hw asrm?%%q"tb@e"at'o“

pfitsJrapp .an| marega%m thel paraxidé soncantiation add satdlyst addition.
ff hat
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deni trogenation benefits Fxampladi ncrease in the
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se r Ie 1. The water concentration in the
157 talle"% tr\lgjq#1 °ﬁ§8t| ons was varied. The influent to

t he ext Aaeligest ($088) 6ORisThaRAalIRs %&F%cte]cﬁs 2% ng‘éonﬂ!}ﬁ’s of 95,

gpm nitrogen. An aliquot (100
e 2 5% Aqyegus; @tcgtlcp aeidi o ﬁ‘gllcoyﬂn@ Shesed Bxiratidng,5¥e diesel

t
3?2*5‘3“’% g then Btrdbred At WletPad SRS S bBand, dBrizeo
pof&RBhwater tdlremolvb gdsidual abetiviazkld ThEEEBultwalr 'subnarized in

re acetic acid. The results are
20 umg Igg%l 20 Tabl e | X bel ow.
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WD 2004/ 061054 39 PCT/ US2003/ 036746 Table IX

Vari abl e Water Concentration in Acetic Acid
Extracti ons of Oxidative Desul furization of diesel
W0 S04 % Phosphoric Acid 5 and Stoi ch| 0
I—Iydroé’dgﬁ%erom de, 120 m nutes, 80C Run ”%éffbs“zousmssm
Oxi dation Results Sul fur (ppmP@135 Ni trogen (ppm 55
Agqueous Acetic Acid (wt9% 95 85 75 Extracted Di esel
Results Sul fur (ppm 92 11274gie xNi trogen (ppnm 12 26 .
29 Reduction fromFeed Sulfur (%9 73.3 67.5 66.4

Ni trogen ( Vari&ifle Watdr.Conééntiatiodtin AcBdd AGA Extrhfordd@rC- 1
*103 1110%idativé-badRirizdtbnldtHidsePusiiPhwed FHRSpAsk: AQd

Snat er - 1 108nd Sfoidifidmetfitt HydrdnedPetoXidd, G 2o n’Wkitﬁé -88°¢.03

98.4 98.7 Final D esel Balance (% 71.5 83. 84. 4

"inspfficient..settling of ageti-c. .act |ayer TOTVO

- 2004] 061054 PC’ﬁ‘!BS2003/ 036746_.'4b /1 n-fgene®al , D5% 3

10

PO APV~ ‘r\'F-

aque Us—acetitactd gavc tr -
desuf & but not mu¢h hi gher than 85 and 75%
concg ﬁ#ﬁ%@ﬁ?ﬁ%ﬂ@m detri nt of the 95% acetic acid

is 0@§ﬂmﬁ ction. The secend and th|rd1 %5 acetic

aci di ext mass bal ancgs are higher an the
'H ik

Seco d

\43[ A2 \VAl

Agueous Acetic Acid (wi%) 95 85 75

Extracted Diesel Results

Sph’ur (ppm) 92 112 116
Nitrogen (ppm) 12 26 29

Reduction from Feed

Sp!fur (%) 73.3 67.5 66.4
Nitrogen (%) 893 - 76.8 74.1

Mass Balances (%)

HOAG-1 *103 111 113
HOAc-2 110 103 102
HOAc-3 109 102 101
Water-1 108 105 104
Water-2 99 100 ! 101
Water-3 103 98.4 98,7
Final Diesel Balance (%) 71.5 83.7 84.4 -

*Insufficient settling of acetic acid layer



extraction bal ances for 85 and 75% acetic acid. The
hi gher mass bal ances can be expl ai ned by
over-extraction of the diesel, causing the acetic acid
Wasihi/sesho swell. The first extraction for Yo deRlkEs
acid produced an unusually |0\8 bal ance for the first
~extraction due to insuffici entset t | | ng of acetic 10
acid | ayer so nore acetic acid renmained in diesel.
Note that second outer and extraction bal ance was
very hi dh. gaieal, 05% adueous exstib sadid agaven e dfghest degree of
vvatgrsugon%cajntrgt{’on I n }t]ii_‘(!aghesobvent decreased the _
| ev&FSUIHIAICPy PUT BRLTHE rdnan, 8pcand Kot erncepirations. The
4! edetimentoRnb 989 adEtioack! 1 SeBBkiAcBA! Th8 sbBirm and third 95%
rocess. The water extraction bal ances are e
i gfedic acid exlactippomase bialanges drehighes tthamshe Sbesrel and third

res 4 nd| i gni g ack .extractjon of
ot oA BRALEs for 5% Rl rbG Rbal el Hisolinbeingse batances
PCT¢d0SRe 0(plB6ati by ebr-Biithctiohi 6hthies didsal, Badsihg ithé - addtic acid
progess for de@ul trgi‘léfl ng hydrocarbon feedstock to
pr otitite" WefVakr y 'PPal1ShEXiraean taru 8P %o celice Aaingroduced an
col W&ﬁﬁlgﬁioﬁq{alérﬁfe' fBeth firdt AREFRRInHUeAB indufiftient WBRING &t acetic
sai d feedstock contalins sultur-contalning organrc

10 nanid layesso gosp aceic anid remained trdiaseli INptetigiisecond outer and

[ it ' conprises: (a) contacting the

feegsia%%ﬁem%h&%ﬁ%%}i?%i e phase conprising acetic

aci d, wdhertablengisarevesdisl izt igcragsing the WMitb® bdlbentration in the
n an_oxi dati on zone at oxi dation

hydr oge er oxi i

2 orfOVEBhAPeTPasRd e 1evsl ofisuliur semevil, béralsa leflrhghinsamore diesel.

ni tTHRORAIE-6S ald ki i A Uier( i

separating at glé;g’gtalﬂgéiggﬁttﬁlgrﬁ g?égt%he i rrgr'i%l geé- i e%}rgctb%nagglances
15 orfraithe highest tor thel 96% fcetic awit extradignanThese results indicate a

ni tg - el 0 Lc ., conpounds to . forma first
hy dsﬁ% car Bﬁ%@’@%ﬁﬁﬁ%ﬁ@%@%ﬁg @8-'% 8 dreelot
oxi di zed sul fur-containing and/or nitrogen containing
15 conpounds; (c) contacting at |east a portion of the
first hydrocarbon streamw th a solvent conprising
acetic acid and water in a liquid-liquid extraction
zone to produce an extract stream containing at |east
a



portion of the oxidized sulfur-containing and/or

ni trogen-containing 20 organi c conpounds and a

raffinate second hydrocarbon stream containing a

warhecp@iseount of oxidi zed sul fur-contai ni Ngp@GRAMN3M36746

conpounds and/ or nitrogen-contg@i ni ng organic

coggounds; and (d) recovering4?he second hydrocar bon
rocess of Claim1 wherein the

2. The prac i
2:{) & i%'ﬁi%"ﬁﬁfji‘% of 25 hydrogen peroxide to
. . .
201141 e MR A RSB 0 oo

f t 1tolto 3 . .
L?g‘%ﬁi@!{&;ﬂ%gpgﬁtgﬁ% Wakeeblanding compionants fer refineryatamspoftation

i f S [y 1.1 iy e, .
e S ek oo ESREN g, mpunes
ibo‘i‘ﬂd o nigpgen-epptaining ipsggicipwkties wmcmmmdesmemmlaes;hre
gut™ Dyt a "
hinabon: obs. 22> d YEbse WS MR Hhase
oxi dat i 6AMPPHAYt Aestis Raldl erler, aand sind exidizing regentngingising

i : ' t . .
20041 06 L hq BEPE RIS, BRRartR e M e zng cggoltions to
d ai m | SfHEZeei reuiHECoRtaning acamlmednitmgemmgntam%t i ergariic
i -in an anmount rangi ng from about
10\7\»??&3 It gcg‘k}gﬁﬁmsébnvw . % based on tghegvvei ght of the
i mmi sci bl e pldse.separating #r ek s portichaoimtie \Whaistible phase
e oA dadfed B g gh B LA o
ne. cont ai n . ;
ggi d. 8%OmRRUKiSokeJermbia direti hydrovdrbori sirdame featmna reduced
Y G e o eineh ARFRECorinfho” W digogen  containing
15h|)/3$1)c;1?‘|!585P‘§lqséam is contacted with a sol vent
P b ] % SoRaBARER et bR 6L L Tt mtrocaron
arbo _
an[ gi" nFLFRPM with sceqlyent semerisioy atetic acid aad watkr iﬂaaiiinicg:riﬁuid

wher ei . - cid 4 e in.a range.of fr
Lhows Spapiar ng b B ol <SPS ok o
wher ei rPYHN Rfethe: oxigizedi sulfurepstaining md/mramﬂﬁag@ﬁ—cbh?mmg
20 about Ghguric Yeb@paitist 6 W 'rg/?ﬁn&t% ée,#c?%{ehfdrrgé:a?&?n Cstream
Claim1 wherein at least a portion
containing a reduced amount of oxidized sulfur-containing organic
compounds and/or nitrogen-containing organic compounds; and
(d}  recovering the second hydrocarbon stream.
_ 2. The process of Claim 1 wherein the stoichiometric ratio of
25  hydrogen peroxide to sulfur plus nitrogen in the hydrocarbon feedstock ranges
from about 1 to 1 to about 3to 1.
3. The process of Claim 2 wherein the stoichiometric ratio of

hydrogen peroxide to sulfur plus nitrogen in the hydrocarbon feedstock ranges
from about 1 to 1 to about 2 to 1.

80 4. The process of Claim 1 wherein the oxidation zone conditions
include a temperature lower than about 90°C.
5. The process of Claim 1 wherein the oxidation conditions include

a residence time ranging from about 1 minute to about 180 minutes,



hydr ocar bon feedstock is a product of a hydrotreating
process for petroleum distillate, which hydrotreating
process includes reacting the petroleumdistillate

' rce of hydrogen at hydrogenation
Wrﬁ”ta%@ﬁgfrggsence of a hydrogenation catal yst 3%160§)|3§6F46
by hydrogenati on renoval of s#Bfur and/or 20 nitrogen
fromthe petroleumdistillate. 12. The process of

Cl ai m 16wher The ;irb@es!snm el ¢ vihsem MRdaddiR a&éﬁfs@@tm the

Ogﬁqnlare assed to a separatjon zone wherein acetic
aC| !

O SEBG /L PEFEAhE 31k BPHRERNOINGNTIM abeut 8P #8486 to about

s ul 90wt sl vinribe %@ﬁhﬂbﬁthe‘ﬁﬂﬁ%ﬁ!@ﬁ aggl/ or
ni trogeg-con 25 13. The process of

i nin .
Claiml Whertq;jl SB)G cf-ﬁ%‘l"hé vihiesaip the dsolvesh ysed)in the liquid-

50 ﬂnunmaatmf ﬁinecco@at‘du% Q%ut 70 'Wt% i) Qﬂovﬁ Wolyiaro, %‘ﬁetlc acid.
ni troge erein

Th 13
or ot 1 & Hei o TaS PrRoBen b IR WheTplhiho:sangpchbydroetbon stream

abosutpdéséd Wo. 20 $8condo iGuid-lgid V\éxt%’ctléﬁ onﬁemm%Ré?ﬁstge %econd
% i3 wherein the %?otlc acid phosphoric

aci§VDEARRASISAM iRontaciasnib: a soly enfopqr%prpﬁlr&wmertcnproancea
anwaffmateamun drécdiborR RfeAmlad -anXt

{1 ar oce,?g of Claim 1n§ ?/\heﬁgl %ﬁt%cgqgét{%rl gﬁu orrect/&'tammg
ratalcs IHFc! ‘hydr ogen peroxide to sulfur plus nitrogen in

bout 2 Saigfvéﬁﬁgﬁ%?{%"é‘? ARRISLIRDRPORk a0 bt =

Th&HeR fom wh %40 QBatS.n t he oxi dation zone
condl ti oms Tﬁwb#&@s@oi emﬁfﬂ% in Wécﬁﬁa&l@??}esggpin a
ai m rein the oxi on

coﬁ'ﬂ]gﬁ%tﬁ]@"f l&?q}@%maﬁ’rt‘é@%ﬁ@é’m%ne rangi ng from

15about 11’m nlJItfﬁe pPocRBO USF ERImMY n%@%m 5at1%.astﬂ31h BRRHEEP the
of ,C ai rein the acetic aci used I n t g
ox HPED 09 (fﬁ‘aéf §teckyis & prpdusinofz hydstreating pesicass forgretroleum

abdistillfl®, whiclVhydrotbasHy frg&ééllndﬁg&sr%gc @'@gae%%%m difiate

nmm_sci bl ase. rocess
V\hg’f'd&ahs?"ﬂge Z f@’gmeusaé&vﬂwgpn@ﬂqn genditiorssi iguthe presence of a

exhycﬂogermmﬂOémalyﬁ”foahéb?staﬁép%drzgeﬂgtm% e?r@}glf’#‘ f@ﬁur andfor

e process o

QOWhQ’{gg?P frﬂ'@ tg@@@ﬁﬁ'%?’cﬂ'ﬁﬂ'ﬂt%on streamis passed to a
second 12, quiThel praibéss SRR 1 MeeiNhe\MShaLBid Pase and the

Sec)?tract stream are passed fo a separation zone wherein acetic acid is
separated and recovered from the oxidized sulfur-containing organic
compounds and/or nitrogen-containing compounds.

25 13.  The process of Claim 1 wherein the oxidizing agent additionally
comprises a protic acid not containing sulfur or nitrogen.
14.  The process of Claim 13 wherein the protic acid is present in an
amount ranging from about 0.5 wt.% to about 10.0 wt.%.
15.  The process of Claim 13 wherein the protic acid is phosphoric
30 acid and wherein the phosphoric acid is present in én amount ranging from
about 1 wt. % to about 3 wt. %.
16.  The process of Claim 13 wherein the stoichiometric ratio of

hydrogen peroxide to sulfur plus nitrogen in the hydrocarbon feedstock ranges
from about 1 to 1 to about 2 1o 1.




hydrocarbon streamis contacted with a sol vent
conprising water to produce a raffinate third
hydrocar bon stream and an extract water stream

W;\Rﬁ,@@g acetic acid. 15 22. The process 9&%&2%3/ 146

erein at least a portion of the hydrocarbo
feedstock is a product of a hydrotreating process for
petrol' eum distillate, which hydrotreating process
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1000ndl ti rat U{e | ower than about 90
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C. the g@et |.Eﬁ%g‘? gc%geg ainh el b Wwheseinothe, gaeonds hydrocarbon
pr efream it pagsedimal Bécorfdﬂﬁﬂ:idlmqtf d erradtieHizoRe Wﬁere(h? > second
ab o based ction the weight 3
e sited i &;apBtace a2 sobiant Sprmprsing water fo produce
| i gaffidatei thurddhmmarb@ﬂ”mrbéﬁsan@@?#bxtgaﬁ:t%%té? "sﬁeéﬁhoéﬂntammg

nd the stoichionmetric ratio of hydrogen
pergéﬂf c'&o sul fur plus nitrogen ranges from about 1

15t 0 1 t 022bouUrhe? précebs %CIaTﬂhﬂBﬁﬂﬁ&%ﬁ? o I@éé' énp?o‘lvuon of the

ortion of the ydr ocarb
- fegg‘g'J"B%'% 5;8 S%P%HB" ugt al arydraitmating P}ﬁ@%@sf@f pefroleum
pedlsbllaianw?dlﬂ\ h@@n@tr@ﬁﬁr@ﬂmﬁ’éﬁ@ HEIRE68 (g the ﬁcﬂroleum distillate
L :5 rotreating process Tncl
reg‘@b S &“ﬁ% &%ﬂn?‘d‘@mq ian cenditions yotheceresence of a
hy uymggmatonhaata@etetmbsgﬁ B raﬁ}uﬁdg@ﬁét:drn rérhsvd? "SS&INGF and/or
nn Of ro natlo ca aI t to assi st
20 8@888%5}9 JpUl@tR-f ur and/ or n| trogen from
t he pet23l eamwl;mbeéé @E@Iatrﬁ 13 wherein the immiscible phase and the
extract stream are passed to a separation zone wherein acedic acid is
separated and recovered from the oxidized sulfur-containing organic
compounds and/or nitrogen-containing compounds.
25 24.  The process of Claim 1 wherein the oxidizing agent additionally
comprises phosphoric acid in an amount ranging from about 1 wt.% to about
3 wt.%; the oxidation zone conditions include a temperature lower than about
- 890° C; the acetic acid used in the oxidation zone is present in an amount
ranging from about 95 wt.% to about 99 wt.% based on extraction the weight
30  of the immiscible phase; the solvent used in the liquid-liquid zone comprises
about 85 wt.% to about 92 wt.%: and the stoichiometric ratio of hydrogen
peroxide to sulfur plus nitrogen ranges from about 1 to 1 to about 2 to 1.
25. The process of Claim 24 wherein at least a portion of the
hydrocarbon feedstock is a product of a hydrotreating process for petroleum
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distillate, which hydrotreating process includes reacting the petroleum distillate
with a source of hydrogen at hydrogenation conditions in the presence of a
hydrogenation catalyst to assist by hydrogenation removal of sulfur andfor
nitrogen from the petroleum distillate.




