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fuels. Deyelopment of improved diesel engines for use in transportation has

=proce<_ede'd hand-in-hand with improvements in diesel fuel compositions.

Modern high performance diesel engines demand ever more advanced
specification of fuel compositions, but cost remains an important
consideration.

At the present time most fuels for transportation are derived from

-natural petroleum. Indeed, petroleum as yet is the world’'s main source of

hydrocarbons 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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o:afxromatics contents, also cause a reduction in fuel lubricity. Diesel fuels of low
lubricity may cause excessive wear of fuel injectors and other moving parts
which come in contact with the fuel under high pressures.

Distilled fractions used for fuel or a blending component of 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 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
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(Riro®drBon 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 SOF (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
hydrocarbons 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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semaigactives uel sul fur and availabl e evidence
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ppm to remain acti
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are that future
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ansportation fuels, but they are not efficient fo
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{ng%gscson(i/%rr]\%halorr\]fdrggesbuelfu?lggtlljcl)rﬁ l(nglltazly(/esotls at high temperatures would
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 sulfur
compounds will also have to be removed from distillate feedstocks and
products. There is a pressing need for economical removal of sulfur from
distillates and other hydrocarbon produc/ts.

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 very high-boiling hydrocarbon materials (petroleum fractions containing
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suggesgs qwatoth%oo Iggtrllgn trgay be accelerated in the presence of an oil-
soluble metal salt as an initiator, but is preferably carried out in the presence
of an inorganic base. However, the naphthenic peroxides formed are
deleterious gum initiators. Consequently, gum inhibitors such as phenols,
cresols and cresyic acids must be added to the oxidized material to reduce or
prevent gum formation. These latter compounds are toxic and carcinogenic.
U.S. Patent Number 4,494,961 (Chaya Venkatetal.) relates to
improving the cetane number of 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
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pt{r%qt c}/ 13 pyegcen by weight of untreated heavy fraction reduced the level

of sulfur from 663 ppm to 310 ppm. However, to obtain this low sulfur level

only about 85 percent of the distillate feedstream is recovered as a low sulfur

distillate fuel product.

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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rbsswmryaboairﬁiooecnpm eyl‘fuﬂlwamd pneferfabqalésglthaﬁ/‘DOOO ppm. Gore
2004/ 061054 PCT/ 82003 36746
PR, 880 Hlases, MediRsyf 1 Geh el RN Th GHPR step, preferably

NgWiRIriceaciandTive Us@g@msﬁﬁmcﬁééld% SRABRGHERY Qd?&’ |§%’r6l)°1ematlc in

of the aromatics in the feedstreamprior~to
obiall $OITeRIOs: ISpA CPREe’ m@npu@tsem@reﬁerﬁrmwdrgcamons can be

déﬁﬁﬁiatéd@heﬁ'@ﬁ’tﬁeR/&téluﬁgfr@éntcet ane, the Core et al.

process requires an isé for the extracted
ar omat AcsordihgrtohBore ¢thal. tireesarpose of tntridpiesrid-vdde and dioxide

R eSO 715308 BprETobR S CETRS vpous Sibstiuted berzo-
panpeiteresd tiophepesdxidehbnd W%&@feoes&nﬁbuh& Eﬁﬁ{sl %’;ﬁ%ﬁ% of the

to extract an i nordi nate anpbunt of e aro 1 S .
Vitioaticspaith anoextrecting selverinthet dp aqureus)dcetintadid with one or

p tu or is 10 previously fornmed.
q@gfi?ls%gwggﬁédltl ons include a nolar ratio of H202 to

S betWUgenPatenit 6,868,495 B IKbcalasted.) calsoi disclosésrd multi-step
CEESH 7t ToBtal 3% HorhEss, 381 MFAneete: chbvatves from
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
oxidizing agents such as alkyl hydroperoxides, peroxides, percarboxylic acids,
and oxygen.

WO 02/18518 A1 (Rappas et al) discloses a two-stage desulfurization
process which is utilized downstream of a hydrotreater. The process involves

an aqueous formic acid based, hydrogen peroxide biphasic oxidation of a




| ess than about 5,000 ppm sulfuric acid, preferably
| ess than 1,000 ppm GCore et al. also discloses the

wagedbiam aci d catal yst in the oxidation st epPCT/US2003/036746
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preferably 15 sulfuric acid. Tge use of sulfuric acid
as an oxidizing acid is problematic in that corrosion
i's.a,concern when water is Fresent and hydrocar bons

c &istijate tq,copyrit élalosah@ﬁwasuﬂ urttoecqgsRoNding sukfengs. During the
A%S(Rf bRAY%p rto%e@r§o Ifor{dég Fé”e%’r% e i rﬁx?e[he gxidizing solution.

hi op enet oxi ae an I OXI extrac on s
rJrlste stifopes tare I%%\m‘d from thee ihydsocadiat |phased3ybarmxbsequent

o PLESE <FpaEtef ' *The Pkt Bieen cBflauiing SERARING sufones

scm th@mtsdﬂ‘@dted L) aqrgamuﬁqm@ @iirchon 6r ¥olidaddiRpfén sfEp) €
co- sol \ﬁ_ents atent 6, 368,495 Bl (Kocal et al

al so dil$e %%%@ formietacid e the ,Wtsi@é@a step is met @@lw@ab?e Formic
OfacH"”isoPtjélﬁ 3Agrd %k@ﬁﬁ@{?é} tﬂﬁ iVEddf ?%é? Jormic_ acid is

petrol eum act| ons 'S Su Drocess | nvo
stC@pSIdefed: cmt“eaducmg ashblenbcamcbnf bydride resatain mbtads thereby

olehE G BREL ThBIeiae <ndlin <lous A PeiuiBiepln fang formic acid

cahebgmpbnsﬂewﬁp@%ulm Ravéxo BeafRdSiHIthe lsofent ?édbv@gj section
co nds therelgy ielding a heated liquid stream and

pliade \&§re % 98 formie asishplee mepassitates the use of high
d'térﬁb@u%@ére%h%r W& s@f)al%g*loﬂxéfdﬂhé' @ﬂjbr@%p @tﬁ%% ﬁémafh?/équeous

hydr oper oxi des, peroxides, perc
o@y@gnt phase i o raomreymmb*@samea{amcej loé al thsdsprempltated solid

d roc ss which i.s uti
4 Elage 298 i Beteyen o bhaBirdtie Hiate et Brtisd vheo.tre poor
atipephilicifyoofiiforriei dcldas eTherdfaste 0ge Tows @é(mgér&u@%asfbﬁmc acid
oxi dat.i on WD 2004/ 061054 PCT/ US2003/ 036746

f a
afapiet meintaip Tn sAlEPR SO bR extigadpulfaes.
cor r esppgdi pgrept!| §aTa7dPUBY ngc&'ﬂr%ra %f(éfj)atdlgaogéé) Cyet> another

some sul fones are extracted to the oxidi
s6PﬂilP||thmUltﬁﬁ@@edeaulfﬂﬁa@tgompmqeean\&pbdiﬁcaﬁytﬂne process involves

T T L S T KT

saepanation Steps wheegins abpertiond of ctha lsumm@iqdjat@él' gompounds are
step. The use of formc

asrRRIed Frotbiiastish! slieBm o i deeamesniien siem.niTbe agqueous

s o —

s BYdregen aperoxisie. hyAity desideal hydrogenaparoxiser eb)the oxidizing step
effluent is decomposed by contacting the effluent with a decomposition
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 solvent is Dimethylsulfoxide (BMSO).

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,



weakeni ng them Therefore, exotic alloys are required
to handle formc acid. 10 These expensive alloys would

woava/bmsbe used in the solvent recovery secti 8aT/Ua2@®3/036746
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storage vessels. The use of fogmc acid al so

necessitates the use of high enperatures for the
separation of the hydrocarbon phase fromthe aqueous

olY - déshihgyaade; Inmaioil ddfaher Tor'@xidativetResiphurization ef bight Gas Oil

t hj L Bkt at oAl . IR |ieved this
u%ggsll éf)cg e%%%s@ﬂggnbgféapg&?@? §8Lvetni ESE@C B0r Etfgr gy & Fuels
| POORN4,i1232y THatfliet ¥ disglaysd bélgr.ef ore at | ower
tenperatures, form c acid _cannot maintain in solution

sone of theNeNimatydfosmprmide éDME)s. patent 6, 171, 478

Bl (Cabrerapghalo)) discloses yet another conplex

mul ti-step desulturization process. Specifically, the
process i nvAcetenitri® hydr odesul furi zation step, an

oxidizing s deconposition step, and a 20
separation §§§8baﬁerein a portion of the

sul f ur Goxe dadted thatrimreds Arslationdtap PVedflebh AL tddfvent’'s polarity
effh}{ggt ?trg—[j,am of the deconpositiaogn ste ueous “
[

. The a
oWt G sipgiactior gficiendye Hllicdithe ﬁ@R@n&b"Ste in the patent
efbl! Nk &y [ i Nngich o)
P e DA e RpeHBbl fmAfcbiet Wi (e PRI, They are al
osharaglatigedtaspeithelr plolasmrolic odaprotipsobanbs, cont act i ng

the ef ' mosi tion 25 catal yst. Th

s egasa?b%%néﬁeg%é%§&c§$§@g@ g IL?&HG\?F‘Q‘@ 1sing Jomy {g use of the above-

swientiohed osaxemtsct White BMSQTr andi sidictshe MrBOYBES - sdl@énts for
re

t he t eachi f Cab t al. th f d
seractions. B ds adremendius sk inatiasy teacast othese solvents left in
f ' i haw .
erprien a0 SUHAISIP nAoBEUS SSILEEEHIINR e deso
cPiPbGhds Foroexamplepl everi esidgal BMSQ iNothes, fitd0, fréduct at a

B hEBBE T B AR B ot Aol ShiipRlialid Henttel diesel
piuef eofr 8 srhwentSiivilabi dattimight| éftedtd ecdrDMEEAlE fdNS ttHEYuse of
Y, used in the extraction

of simlar Jist of sol t e €

orcaitrle: ?rt%h%‘a!ﬁ%“wcgwff dvieh igpntaia (iifroges atoms. Trace
New: ' | Sy amSki i :
PCT/élag)Zf (}g%?% ggi;%gﬁ \g@uvl\?i Nr?ggtlﬁgliyalm'gaggﬂﬁ% ﬁﬂt@@%n fangentration
Tin theyfinghprogsicbesul furi zation of Light Gas G| and

Lo T BHEME 4l 41 hO0oaar B Sl ERSHARY apcpey wi
balsowengve- Brareating, fpzrticutadie nididaromatics since these species are
likely to be the most polar components of a diesel fuel. On the surface, it
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 monoaromatics of some
value which must be recovered. For example, it is known from the above cited
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.



5 Methanol Acetonitrile Sulfolane Gore states that
there is a relationship between the solvent's polarity

wei2od/06is4 sol vent ' s extraction efficiency. All Pof/uskm3/036746
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solvents listed in the patent ygl0 and the paper are
desirably imm scible with the diesel. They are all
characterized as either polar protic or aprotic

sol venﬁ@othﬁﬂmcafr@wstb\tbewse | the abioyessadvends tissthe boiling point.

S\rﬁ‘ ﬁ.gﬂ%gﬂﬁﬁ%@@@@%{@lg d g‘ﬂ‘Yc It tgeégedeﬁg dgégesv &§PIn% solvent

efonatite fimal, pr‘ol:lactetl)y a ﬁzasth{ eﬂémuierelt\ﬁbulﬂh@gumpy taleg some of
e product cou

o e (15 Gl S s it .o B SARIG, LIMSE hasea boiling

?Egﬁﬁ"of 1BOSE ¥ 1372001 o5 BIRE ‘ﬁas%"ﬁ&llﬁiibﬁ% 1@?@9&% 73F. The

final product at a concentratl
i inittaltbadingupdint of ardiessl! fatl isrtypiballyf belav tﬂueeIS@hng f)umlts of these

0 %qg . Simlar detrinmental effects can_result
f 9&%%% of acetonitrile, triethanol am ne, and

DVF whiTeRicitp g 8aﬁbtﬁerf iR@en JVAINS DMBE- & QQCHrﬁ(YéﬂySaOIBw toxicity,
t hese sol.vents would dramaticall y i ncrease the

nPPVBRk i it Slassifiedas ansunes-solent| whichmasdiiesolvaaavide variety of
a@@?ﬁ%oﬁﬁﬂé’ e k% %Bﬁ ﬁ'&?tof B3R5 tDI\ﬁéU"E&Mt:éﬁ lvﬁﬂéﬁflalyf@a{use the solute

sul f ur, al so renove aro
ptar be cadsarqu ’tlmmga‘l theaskinswhichds dmesfethemraaeast&:s of DMSO.

| blﬁﬁhf e ta %osar & o‘rsllent $n0Tad ﬁrlle is also quite
faer &§ 384 a BpisBacted faicRagar Aéetgn
btzmiflmal to enr|chthe di esel fuel with saturates

f renovi ng these aronatics,
éﬁﬁf gvbﬂé '%Pahéhefera"a?féablﬁuﬁwgh to bﬁedlstjlﬁd urrﬁ@r atmospheric

in@é%UFLf 'A& fﬁéabrﬁﬂﬂénte?lters%@ BEII H&Ht gf nl§l$/lﬁeseg§écfa§lon also

woul d swell dramati cal con
n@%ﬁsdjm\lec@arbbnsmmoxmalatmd dnmwtyl ranmhek(@ermn@db g@Armarego,

N B Phrotde B kBB Cliel 24 EASH, Pergamon Press,

lexﬁmlpﬂ91882mmeﬁ?)bllladdunabtéﬂllatkﬁﬂ@\tﬁéreﬁﬂo@&@ghﬁ@&' al
portlo of .t A significant effort woul

needed Of% i Be%vé%tﬂﬂiehﬂléf)@&rob'@)ﬁh%rﬁh%f@@”um& @ssoeiated with

t nz @t p 0. B4
P‘?C]%t IﬁJJaSIJ‘ZHCF)Ogle Ogggﬂﬁiﬁ%n%n\/%%e%@ncer ;éavr\? ? hd?qwsétyug% tglie typical

t hydreparbenduel eBased ontanprdsesss iofi glimination, nfethagblesppears to be
bQ dd?igs@% m‘é‘%ﬁlh\% g?al%g botlllncglyI Ho'pcel#tllés Tahd® §R Gt Shat it will not
Ieave 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 hydrocarbon feedstock are extracted
simultaneously during an oxidation process step and subsequently separated
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fromthe final product by a flash. A flash here would
result in taking sone of the [ower boiling diesel

woanpmaensts with it. For exanple, DMBO has a beCiiusgno3/036746

point of 189C or 372F, and DMyihas a boiling point of

153C or 307F. The initial boiling point of a diesel

fuel is typically below the boiling points of these

tVie & deoantaton pshesesaparatios diep. i ERigcphagki sepanwiBm results in

| t
BSETLEGH A O 30 Byl et ERTRHEE vie n
oé)ftlralﬂ:oqmc‘{ppurﬁistheSkﬂﬁe pToFefs:b{ tife présenDMg@nﬂ??] W(b\ﬂdE]ES for the

0 adsor be ro
tige B, SHlec AONEnhgoSe el G Padh dnesordalion HBoand an
Dbitrd o §tbbefhér@5y Ibeditting HE RRE 66 oﬁ@rr Shé‘ ‘?S&é‘nerator tower to

Acetonitrile is also QUIte toxic
tlmenﬁrat§ the gisetic asislitpn agh ithe @D@larubnaﬂem aﬂdrthe extraction step.

o Rk embaa il Ut 1B, s AEROERUER UM grayices for

Clzhlebose raf rep xedigcezh dnbiume tiofyéxpemsive oXidizirighagént A the oxidation
Armarego, W L F. Purification of Laboratory _
H€Ri cal's, 3rd Edition, Perganon Press, Oxford, 1988,

page 157). VacuumsigMARRIOPTHE INGERTIORE T equi red.

CGore in the 193 patent points out the shortcom ngs
associ AtRFacess is disdoaed feiibie, priodactiom of refineiyn dlanspertation fuel

(’fﬁm%g@ee 'fﬁr %?lﬂéb{: %Iggaloykgl tl‘é’r&ggﬁggom‘%? &@ﬁgé’ H the product

acprp‘eaolsemts d:nmtaml gaadusedi \amoumntnof sulfer aﬁdldrmmogém-@gntammg
progert i es, not . .| eav

SUERRIF WBurisn Moo PieliaRlate Process this dantion involves
f sortheiy 0 tHiardcrBdn fé&fs@&ﬂ( bt%htmn'lﬁg a§l§lﬁjrbear]d/or nitrogen

extracted into the nethanol |ayer. MetHhanol
mwa@mgme@gwmylt@ﬁevlmm immscible phase aemprising dh oxidizing

TR Fnpfoly R BeroyidlyfateCaql Bl ir ih'ar Bidation

ezaneo wherdby t thel amlfuroandVbesmtrogens-la:bhtmmmgt oganiy grapadties are

es_not e on use .of  t.oxi c .solvents such .
‘?‘i‘%%ﬁ oY rd {RP IﬂVFsuqb (dized JRpUEIties, &y ea@""ﬁ@%&) into the
Gimrhigtitblé Ophasar at&;b‘s‘éh\d@ﬁi StoSYRE BRidEMbn 3R | -Fﬁﬁ]lsmble phase
present invention provides for a relativel

pQQ%%'@mM?enp@lrﬁlprh of pibet pyidized ﬁHEUfoﬁindM'edltf@QBﬂuﬂompounds is

co ﬁ‘% S ﬁ%ﬁ%é@"aﬁt&g‘e'ﬁycﬁ’agt gdr E ag@? fydrocarbon stream
daving Bered usedmomtantaous;ngurmmdmmogmcdm ring porpesnds.

;gfuggfg%g%gﬁl%ﬁ%&trégn s{arggrrnaitsecﬂex%azsgg /o a]hqwd -liquid extraction
zone wherein the extracting solvent comprises acetic acid and water, which
serves to preferentially extract a portion of any additional remaining oxidized
sulfur and/or nitrogen compounds from the first hydrocarbon stream and
thereby produce a second hydrocarbon stream having a reduced content of
oxidized sulfur and/or nitrogen-containing compounds. The extract stream
contéining the oxidized sulfur and/or nitrogen organic compounds together
with the immiscible phase containing oxidized sulfur and/or nitrogen containing
organic compounds separated from the first hydrocarbon stream are then
passed to a separation zone whereby the oxidated sulfur and/or nitrogen
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11 via a decantation or phase separation step. This
phase separation results in |ess sulfur and nitrogen

weoepewioes)st 0 be renoved further downstream via BAT/US2003/036746

extraction step. Further, theqprocess of the present

i nvention provides for the use of a single solvent,

acetic acid for both the oxidation step, and an 5
esampetindmars sppatated doyn the acetic agidt ard wadenwhiohl gan then be

0 ower to etic acid
PREvBEH RO M b8GalRN Bhne angRE TG BRBFRH fuf

In a specific eﬁBRﬁHﬂES@RIRﬁ@ME}RFﬂE DRAYVINGS, the
|nvent# ovi des for e use %f a reduced amunt of
expens l&ﬂJI%[; TisA ﬁ@h%@@ﬂ? ravipg of sneinpedimantgi the grocess of
SHMNINBNAtfdR. THE | NVENTI ON A process is disclosed for

the pr oductl on of refinery transportation fuel or
corrponlélﬁiléREcﬁ shews the gulfilrernaticegtrations imtheomddatiamrstep effluent

5 4O Bl 2T oRRIF S AREPAIF BBy Bhiafn sigbodiments

. ooftasipresentunvéntim. More particularly, the process of

the in ian i nvol ve 15 ontactln drocarb

feedst%@ﬂjf@gn@aﬁ PH§ uar&gwnﬂay?@%én the extraction step

C@Fﬂhéhﬂ FSYO Y SR ccawgigd oxRtivht Andhdima &8 | &tﬁlg/ﬁ@&%%datlon
ngr|5|ng an oxid ent conprising hydrog

eilieents ©f the: peasent lralﬁd iRt er in an oxidation zone
mhereb h& =S ul i .
e ePGURESH Y Bt BN 0L B Rs i i
ooxidatiad eﬁtqﬂmtlandemeaeﬁtrmttdnaeﬂﬂeént farothehacid &catalyzed oxidation

[ i bl bsequent to the oxidation an
%5#9@ 'ﬁ‘ﬁﬁ@%é“’ Rfai ning a portion of the oxidized
sul f urFREURET 5 HHOWAd R Gm{iéjﬁehﬁeer?%%ura&@ﬁcéﬁtt%tlons in the

gravity separation in order to produce a first
hexidaiien 3 LUt e theavexitaction e effent cﬁﬁlﬁtﬁ\@_t noin-agid f catalyzed
a&gé&rom Hb%a eﬁto&ttﬁéwé%tlfsﬂnpounds The first
rocar on s ream s then passed to a liquid-liquid
ext r acFiGIWRE2S showswher dlifferehee et nitrdgemg contemtdtions in the

CPRRRIGIn 2ot Byt Forcnd poi BeiBlizednihgorkasid saspleed oxidation

I B oAiInenteof the Rlenfgh f ur and/ or nitrogen conpounds
fromthe first hydrocarbon stream and thereby produce

a second hydrocarbon stream having a reduced content
of oxidized sul fur and/or nitrogen-containing
conpounds. The extract stream 30 containing the
oxi di zed sul fur and/or nitrogen organi c conpounds
together wth the imm scible phase contai ning
oxi di zed sul fur and/or nitrogen contai ni ng
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organi c conmpounds separated fromthe first hydrocarbon
stream are then passed to a separation zone whereby

woheo4msiodat ed sul fur and/ or nitrogen WO 2004/ 08Q0A%2003/036746

PCT/ US2003/ 036746 12 conpoundg are separated fromthe
acetic acid and water which can then be recycled to
the oxidation zone and the liquid-liquid extraction

zone. BRI EF DETGHLEDIOERSCRIATHO MHRNTKESINYENREON is a

schemm a of  one enb nment f t he proc

2 tho PHialer JeBdsRepr oereralis "Sabrats { dfodt” HERREN® streams
covrestingedulsstantiaily Iof ¢yad e orP Bosipennes Whlltﬂﬂére Iﬁcﬂfd bbambient
acid catal yzed, oxi datl on and non acid cataly

oSt dmishlirbienhydrogarhonefadstasit 9¢weﬂym$ an API gravity

t o
crerdiig frofaiut P AB| {d'ansanfar AL, pi?‘.%éé@x?‘a}ﬁ‘;zaé’é’“t 20° API
ofoi aboutdi) anti0eoAP !, @ridimose prafeeably fomiaboutr80° API to about 70°

SRR 5P bl ot Y EBbh e S it

oftiid adatalgtie fprbeesst namﬁhhhﬁuﬂxbrf defayed mbtésenbphtil, 1iGRt virgin
enbodi ment of the inventi on.

e BBy SSratker naphihes dnefeloBMIaRIACERA m@phihas, alkylafe,
CBBﬁ@ﬁé@bh@lﬁld r%fd te Oéh@' %Fdrﬁﬁtl@ﬁéh\%%F%? fhddiestreams such

extraction effl uent he non-aci-d cata yze
o&@l@mﬂeortol@ﬁbadxylem and chmhlnat@umsnbereo#l Gatalydc seformate and

oAl (FECRAG riBePis RBRFRASTRET Rl h%sg"b?rgtahriwaower bolling

nmmgecstcbarm slipiread llght dﬁtilh@av Latytiotapiinas aat light and heavy
i nvept.i on. 004 1054 PCT/ US2 03/ 036746 . 13
R’EEDF%E oeamee| Y systomiged for use as a

ffé%%idékklﬁ Q@&b%éﬁ'\éé’ \Aﬁtﬂ"i?fe' ﬁl%s §'in\fe‘ﬁftlbﬁer7hét§fr§%d streams

consi sting substantiall K rocarbon co
waieckghd rndrain gaplathat catﬁbytmcrac ipgonaphinas lmclemg dightand heavy

PUAERRE SABDE T RS IR, Safhr A5 R B g neavy
f catalytiboeforip@te’@hd derdvath@stofSUch rreﬁ@&yﬂn%ro@?ﬂoﬂ@fr@ams

pr ef €& tgblcfa rfgedﬁgglgst g%gerAaFl)lly lagluge re}lnery distillate streams boiling
at a temperature range from about 50°C to about 425°C, preferably 150°C to
about 400°C, and more preferably between about 175°C and about 375°C at
atmospheric pressure for best results. These streams include, but are not
limited to, virgin light middle distillate, virgin heavy middle distillate, fluid
catalytic cracking process light catalytic cycle oil, coker still distillate,
hydrocrécker distillate, and the collective and individually hydrotreated
embodiments of these streams. The preferred streams are the collective and
individually hydrotreated embodiments of fluid catalytic cracking process light
catalytic cycle oil, coker still distillate, and hydrocracker distillate.

It is also anticipated that one or more of the above distillate streams can
be combined for use as feedstock to the process of the invention. In many
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



or 100 APl for best results. These streans include,
but are not Iimted to, fluid catalytic process

waaphtoaes4f |1 ui d or del ayed process naphtha, |i gor/usS2003/036746

10

15

20

25

30

virgin naphtha, hydrocracker qgaphtha, hydrotreating
process naphthas, al kylate, 10 isonerate, catalytic

reformate, and. aromatic derivatives of these streans
£ﬁ stieaRy. daeatiqnyel ibgdneargstannnestion @peisheatlesmseconomics may

t Be' R rmifd ﬁ\ﬁ%éﬂé k& whal ?trré@}%‘?s @lﬂﬁ%e(fat al ytic cracking

process naphthas can orten be s I nt o narrower
boi | i nin anengepacty éhxsmnyenﬂmras)rbwgbs fandhdaem)yluctlon of refinery

- Befoidic el AP Bchino defobofitaiths efinefitlrabtheriaion fuel from

uaﬂwmotaeétédf[ﬂﬁtﬂémkdlsmla@@C@%ﬁ@ﬁy&dﬂ%a‘t&?d%’hﬁé@% prepared
i nventjon. The ferred streans are [gt virgin

nBpHEOtreating @ petrelpaekﬂw@lla@pma’qg@ah tmj ram.he@wee@mbout 50°C
agfqd vy 429@? Eygly B&f Wl&g I deé“?é%'&% Hg‘ th& g%%?é‘ﬁ'n‘f distillate
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conditions such that relatively” long periods elapse before regeneration
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
a pressures 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

pressure and hydrogen required for the hydrodesulfurization step are



transportation fuel or blending conponents for
refinery transportation fuel from 5 a hydrotreated

woebwmeedm di stillate. Such a hydrotreated di sPCriua2®3/036746

10

15

20

25

30

is prepared by hydrotreating ggpetroleumdistillate

mat eri al boiling between about "'50C and about 425C by

a process which includes reacting the petrol eum

dpesissbirest withini the samgeiof 20oto BPdaimaespheresy ooog qrafarainly from

c itions,hn.the presence of a hydrogenation

c%&g‘ﬁlﬂsﬂat%é gﬁ?ﬁﬁ%ﬁshydrogenati on renoval of sulfur

and/ or H¥@rogehr ciakiatiororates gehyeligtragge gebraedicult HOM SCF/BbI to
di sti I%Q?hs 0 t) onal ly fractionati ngﬁ'}the hydr ot r eat ed
oot 20 A00: ST bk Rrefgrabiyshomi ahqud 2,000 SHek/Bb taabout 15,000
I 0 o . A

of ORI B Sflos Brcie B IrBht a5 DR ALGRCHS 800, L /Bbl for
hbgsi- nesults.n Reastidstpekswes st hydrogén airsulation- nateshbelow these

- oL fr ion. ln accordance wth one .
cTH s TERTEBbf i et bR Beas B AR U inbdn i ptfective
t desuifidizationatdehitddgeriationt camd d&arohwtizalioh! | NBExcessively high
co nent can be used as suitable feedstocks for the
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bed of CEUEH s he ydrigelialion proosss useli B g, present invention
pbegias i with of distiiage estiiod preteatingt step. USRE WidiMate fraction is
conditions such that relatively |ong periods el apse _
b%rﬁg‘fﬂét redmitiypnt hast exeBangars $sigr o enteringge furnace for final

ek (OB eKRR Ok T R dEte, RS rcion
4T, be xomtacied witef ar hippgen ostredrauprid 36, tdurmgoudnd/or after

3 best results, and at 30 a pressures can
rg%gggg}ég'from about 6 to about 160 atnospheres. A

par ti cTihehygrogeafstraant can eesplire Hyaﬁsggedn/wgt Ehm b fa‘lanﬁ>|a&‘re with

C\%Fro enat|on provides extrenely go | fur renova

YEDTSiSHCH 9% Alydrerarhabu farken manexider ecathen hgigxidgemitrogen,
S8R RS AISRRY e oS RB5h MEhy snou o
at least about 50 percent by volume hydrogen, preferably at least about 65
percent by volume hydrogen, and more preferably at least about 75 percent by
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
cooling, consisting of heat transfer devices between fixed bed reactors or
between catalyst beds in the same reactor shell, can be employed. At least a
portion of the heat generated from the hydrogenation process can often be
profitably recovered for use in the hydrogenation process. Where this heat



pressures within the range of 20 to 60 atnospheres,

nore preferably from about 25 to 40 at nbspheres.
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| east about 75 percent umre hydroge
r EBefiefere, Ll ogesiduah b@a@@rﬁlﬂﬁued dqnanmdSydlremrgmnrng after a
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RO GE R sP BN StlcbR 16 PPy Seage goneits resentlly o
o ST g 22 s
piefipesssiceamaionsisting essentially of material borlrng between about 250°C

25 and about 400°C, and more preferably boiling between about 275°C and
about 375°C.

Useful distillate fractions for hydrogenation in the present invention
consists essentially of any one, several, or all refinery streams boiling in a
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 distillate fuel
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avai | abl e, cooling may be perfygrmed through cooling
utilities such as cooling water or air, or through use

of a hydrogen guench streaminjected d| rectly into
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r@meml tHd edrofhatiéd Bbﬁfe@&réﬁtéfeﬁém%%dt d?@%natlon facilit
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eseistisk willgrangst frP'InaﬂléOl#tr’émeﬁﬂtdéf weightftoshout 80 percent by

YRS SIS ARTESOSH AR R g1 B 70 percent

beeightn aalontos aggicaliy fajmtmboﬁwﬂ) pEreért dyl weighe to about 60

refi st rream consi sting essentially of naterial
b§% #ﬁgg)s n about 250C 25 and about 400C, and nore

pr ef er 8bIfyr kwncentatiei Vine ittt fraéhéna2T8r KRR er?zﬁﬁg in the

Useful distillate fractions for hydrogenatlon [

pPESeRt INViRRERR i1p generliastunciien efithalhigh and dewy ssifer crude mix,

P Rorhe cABLLOR SHATDS 01y oA, and e
A8itrTnatiyel dispositions of distillate hydrogenation feedstock components. The
higher sulfur distillate feedstock components are generally virgin distillates
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.

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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30 nore preferably between about 175C and about 375C
at atnospheric pressure. The |lighter hydrocarbon
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nore profitably recovered to ggsoline and the presence

of these Ilower boiling materials in distillate fuels

is often constrained by distillate fuel WO 2004/ 061054
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tgnea&rrahﬂeneuse ivi pcﬂamtyﬁiemkén thesulfidedapl the Glyld@darbons.
sul fur wrgln di_still ates are wer in_aronmatics

cont enBY ARG PFUAUd Jhase Q@dﬁ{i!?’& RComingdogittis invention it is
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f @uigenataslsulBirnongeoundsysuah gmsutfmd@s)andamlfpeesem cblylpound
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é?ﬂ%sa Fﬂﬁ%ﬁg&%@@%ﬁgb‘e}’y vér\rxer%rﬁ-pégllég[qi&ﬁg@rgcflgsrq‘% Y\'\\/Selg oxidized,

fhhem miotadule0 ipevennt pblarwei ghtcdrdinghoutbybOselpetivet oxidizing
ur c nce tratlondn distillate
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| rpfinenesteddrs, %rf)b'@ﬁés%f 1Ak invEhtdhHre a’é‘ﬂe'te‘geféﬁ I(/élz bring about

crude m x, the hydrogenation capacit a re
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Other compounds which also have non-bonding pairs of electrons
include amines. Heteroaromatic amines are also found in the same stream
that the above sulfides are found. Amines are more basic than sulfides. The
lone pair of electrons functions as a Bronsted - Lowry base (proton acceptor)
as well as a Lewis base (electron-donor). This pair of electrons on the atom
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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Ni trogen content of distillate fractions for
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mnmepatmes Illlghes tbam@O C ashdewatreslisuh fah GRIERAEBRS thermal
such as Sﬂlfo%ygs and sul.fones. A conpound such as

FEAOPY R PHBYHO08N PergXide residiing ind higher usage &ateas
when oxhdi fird, hy&ﬂféal’ﬂ&r\e%ﬂe@ams|§’et‘hlénp%|oﬂfacted with_a solvent

Accordi ngly, by 'selectively oxidizing et eroaroma
s%ﬂmpﬂ%'ﬁgsﬁf@ﬁlca’p}ﬁl%@h@dlq%UQWdk&?ﬂiw@tlhn czpherte produde |am extract

53 t nt | o

SR SN BLRR  BBRERS B e bl YA ancior
crmuogenmommmmgt orgdm&se;ohﬁicﬁmlar ml‘ﬁé|hmgcmﬁénm%t hydrocarbon
e oI ar fgese %mvvant ed sul fur compounds
V{t éq{gr rﬁzgﬁﬁa on stream containing a reduced amount of
oxidized sulfur-contalnmg and/or nitrogen-containing organic compounds. The
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
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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feedstock with an imms conpri sing ace
agh@micalat er and an oxi dati on agent conpri sing
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i n an oxidation zone under c
ogértain an afmouné afr praticeacid mdtec@ulafmrlig %@lﬁbﬁldﬁlrﬁm‘ogen ranging

B2 o8 BBt D i I 1o, AbGRI 4 ety ol th iraiseible phase,
aghd mestrpreferably f@?ﬁ%d‘ut QA Peor it 13O0t 9. XTHE %re?ém:e of the

recoverl ngt a first hydrocarbon stream conpri si
nR%id Fatalys W@NQ:m@r@rd@dh@deawﬁlrmaﬁongalklessplmﬂ rhu:heb(mdatlon
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oxi dati on reacfion ‘zoné.
i entaiing enpitiogenramtaining acdgsuchpaasdlfiiio atidtsritric RS is not
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used.

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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deconposi tion of hydrogen peroxide resulting ina
hi gher usage rate. 20 The first hydrocarbon streamis

wohew/oesostacted with a solvent conprising acePCtT/Uae10d/036746

inaliquid-liquid extracti onzﬁone to produce an

extract stream containing at T'east a portion of the
oxi di zed sul fur-contai ning and/ or nitrogen-contai ni ng

or gani Appbcrqnb&rbﬁnewen&mldxgiatnnt readtions invbives o it oreaction of

- IS, PR R g il d el ¥l i B ANoRy i ane-radical

nirigchaARNE WHerblsy e &(y@éﬂ' @toﬁpmoaéﬂmaﬁy chQteoG?cFﬂﬂéjsulfur atom.
h%(drocar bon streamis then optionally recovered

ariiieAt RIevieNslys ietheppresepre miimerecesfasise the fsg}foxnde is further
LSRR {d RRSRM ob@t P d:jrh%(lﬁ bg pg%Wh%%pQMsﬁD%ﬁérly, it is

in a second |iqui ron zone .

aexypented shatabeenitragen atomfofamearmnams oxidizegleint thensdrhée manner
S ngd hydrocarbon stream A third 30 hydrocarbon
sﬁfﬁxﬁﬁ%émﬁ’b‘?"é“%? e as a transportation fuel or

bl endi Tge starpnthat OxidHtRRdAEGHHMNERP & %\}éi’ﬁ*loﬁuﬁ' the liquid
havi ng%a reduced anmpunt of acetic acid, sul

nfedctge Mixture pomprises\a stap wherbyhan Qémﬁmatm rl%\donated to- the
Z@Nﬁlen%tﬁﬁg%tgﬁllqéﬂo? d/ b\%ﬁ%?}(gﬁ/ t831ﬁ1§$m ﬁg 2% e%sé%mrdlng to

use In this I nvention
i ihetlh%ent(m actualynproicepds vid suateal réactm;drmechi@@msour ce

d t dwater. . . )
Fyar oge Ge ATPAEe oL tdiftrehh rEniondhe 1Rk RowHaton' s defined
sa®iarlyi aveetnisi by \whigh! éie rét mr@fsdvm%gﬁ@'hlﬁgr&r{;bﬁ% E8mpound
ur and nitrogen ranges from about 1:

Bariél Of AILOgENAVRAIB RS PRPanic ermpewnth @doﬁégaﬁh eg..tthatsulfur atom
t & ah%UFO9EstaPfiP Org8nik0 gﬁl‘éédl? €5 2B Redr Pc%eap syfoxide and/or

peroxi de to nitrogen~stoi rires are 2:
r%éﬁﬁtﬁlvely Wil e increasing the stoichionmetric

rati osg Iln vt fv%r hi ah. Sl{ fur reéjl tbon o lnu%ccordance

hlghralosa r?#t‘?a? &9" T MEHURCIP e

vwrtm #i8 presest mvenﬁsmruhb tepitipdbsaedosiifsé SIS §xn§i2ed |nto their
ensi VS [ ndu&t rial chem cal | n anot her enbodi nent

o‘f rfesPONdinge stifQ¥des @ndnevifonass withmaaglioigle |if aamcaoxudatnon of

i
soromshan bt T AELOBEAUD S0 HEHE By van e
ayaall ampupt of tigliy swfwtﬁtm‘tﬁﬂwdﬂdes ipthyd mtretiedstteamst makes the
Rh&aRE aihw?ﬁc[rﬂe@ aﬂ%\?ﬁ'&ulgrly ef(ecttf\)/eagge[t) Fedllifurization means with

presence 0
minimum vyield loss. The yield loss generally corresponds to the amount of

tightly 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 sulfur- 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 carried 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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contai ning or nitrogen-containiong aci ds such as
sulfuric acid or nitric acid is not recomended in
carryi out the process_of the invention inasnuch as

these SYbgefdant iy cthenoxjsiationt stap o thwrli oxgdatiant wtemnthe two
NirhAriRSle ! ﬂﬁéé&aéref E?ﬂ)?r%?ébol’r?%eﬁlxé?rs%‘éﬁ;&rt%f % gji) L??nadeca%tlng unit

conponent rotic acl

r egeratioonutilizing beavitymeparatiornpfi theg phapes. o8 pdrificafgethe organic
t of the invention

 BEBSS oIS MiekOedrBuR emr ol geairalinbontan Aseduced sulfur

r sbhienefarkying @aen 1086 T4 Ba‘s@d éH'tﬁérsuﬁUFjanhberS Pepi The first
B t 1 to 1 to about 25 3t nost prefera

PC@rQQﬂ stiegnibthe lightey Phﬁh%,res dhpnopagsescita asllqwd liquid

u V. geously, the inmscible phase is an
aéﬂ%ﬁ@‘%&?d formed by adm xing, water, a source of

acet i c Thei luickhiguie esdmohenoﬁ clamhrd)gahmmthrsm\veiﬁ ddmtalmng acetic

AR P, ol B s A Gcinat iR he soNant B Rnsriass watsr,
ptlm‘ sulfur r)erﬁd\lymeﬁﬂﬁéﬁc 8 M&re%sé@ ﬁ@ﬁé@eﬁ%lsvﬁan%é%ﬁﬁ‘ﬁ an over

on the tot the i mm sci bl e phase.

r EXERcton o tbﬁrfﬂrﬁb@yamcarbnn strean.i cP@ferahlmm thdeF to prevent
I

b5 ol nE gty AU D sty s

r BE©JENt eontaining: compummdsntrm selveat gre actoangbowith 3hé present

WD, 20 /061054 P. 52003/.036746
SRRRhtOR BB 8ty @O 105 0abo 7 Wh e, BIETIaAY abaut 85 to
r apout 192aat Yomcetic acidawit® Iﬂ%&ﬁalﬂnééttﬁélh@ewﬁtéfm eThe solvent
a concerted, non-radical mechani sm

| f t
Su %'{?;9‘ ﬁymcﬁeéf@@ﬁ Sxiiated; Sé&fu&ﬁpngalma@a@rwon: ditregen Contalnmg
t Yg h ence
oo Y40 SR b BRI o
t h)édr§galﬂmnb8trqﬂmmméajnrylgﬂgss bmdamdssmimrrami/smmltrogen contamlng

Si I ted.that the nitro atom

S o, SRS, ot S90S BB bt i any

hmnopeﬂ@mwmtmnbmwsklll@bansﬂ@t Qﬁemblddﬁ'r? uBikzid tdd?l'i‘\ter-curren’t :
);:HSjngtothelnventlon|ntheI|qU| reaC|on

IONC SHPE$-SHEeRL sPle pCREIERY f#ewoxydée erefarred operating
mﬁgyr? Fdh%e F%&Sygé@?g:wa??gr%t \?Imk% Sch@%rg?é)rr@ae pressure

E@\V‘Qﬁﬁlfmmggtméﬂﬂypm oddvési seoorad bydﬂmcarbc&asﬂream containing less
%%Haf% PPim S and less than 50 ppm N and preferably less than 20 ppm S
and less than 20 ppm N, can then be recovered as a fuel or fuel blending
component.

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

The second water extraction step involves contacting the second
hydrocarbon stream with water in order to extract 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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ni trogen-contai ning organic c ound i s oxidized,

e.g., the sulfur atom 15 of a"sul fur-containing

organic nolecule is oxidized to a sul foxide and/ or
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| TE WhIE B BRelRa T Sehbe Tanariiotf 1T aBR PR
oxi di ZAdsutSEthﬂiélebénefﬁ‘Hfrtﬁ‘épﬁféébﬁﬂ iridntioN Q@s“esafme the use of
sul f ones vvlth negligible if any co-oxidation of

neeRlisidin aﬂbm%@atlomonﬁ gvmd tha @x,tfaqhonyzcme t he
OXi dan%nata éﬁ@ *e?d P‘Hbto:alnrﬁ%ﬁ tl'ﬁ??Jelrmﬂ tn&nhﬁgbéﬁnvention to

substi ydro ate earrB
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teghéétwnsgw td @ ednfnbh isdparatiorduAR Guchl BS €a tdigtillation column
%unt of tightly substltut ed 25 sulfides present in a

h

PERIR de @getie @i A8 drahexcesgawater @fe spparated Jgamithe higher
CBBﬁlﬁ %ﬁﬁf—ESﬁ%IrﬁH%'énd/cfﬁjﬁﬁrpﬁén %Hé]ﬁlag hﬁrﬁﬂ}o%@%& The

oxl dafion step, a
nraqougmd eoailcaamdngara:dmrobadecmled do rthétcammnm yone and liquid-

Y3 S0 20bA° SARBRENY. S BRGREoL R BBl St acd can
othsﬂ\apaesedzmkrﬁbame @Xid=Ridnb o6& Idri @ﬁncsm;n | o Bahfdke-up tank.

conti nuous node. Those skilled in the art may
nﬁ’yﬁage& ReTPxideqwalar and aptigpally Pr&t'ctaﬁ?@ g@ agded prior to recycle

t
?Rﬁrtﬁé' ?’)ﬂdé’t“oﬂ"‘ Zo!t ISOER UiaY Rk gf(lagtl&ﬁ‘ %%bo’bfehoperated in

for the cont 1 nuous node opera
careordaaes withtthe presedkinyentiome Frudhge arpmhe:apomohooﬂﬂne acetic

40005, D53 AE057 1108 PR D EAIRE B3 B ne vt conten

Sadjsistpdeptiornt o feltgclextodthti oxidationnzate ingcdvrialade With the present
St eEPtlthe two inmscible phases are separated in a

Qttler or similar decanting unit operation

ut| liz . .
Speci ffgg‘?‘?ﬁ@”é’ %mgﬁggﬁﬁgé%?%@gé R 1) ??&s%nt invention, reference

hstapwd andyo bes tmagiento wid Iemhmﬁmehisylllognﬂét@dnlnagrfe%@é&céé‘tall in the
sul fur 5 content rangi ng from10 to 70% based on the
e

sBPGAIpPRnYIRG figures sead kdesaribed; pglow Hiydmeargfoaxamples of the
Sin/Eafipn.t he lighter phase, is then passed to a
[ 1T qui I|qU|d extraction zone.

DETAILED DESCRIPTION OF FIGURE 1

An embodiment of 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
oxidation zone reactor via conduit (3). The reaction mixture is passed to
separator/settler (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 liquid-liquid extraction is carried out with
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PAGStRy 46d tO BT ﬁch%gs.VD 2004/ 061054 PCT/ US2003/ 036746

23 tenperature range for this second liquid-liquid
extraction ranges from25 to 100C while the preferred
pressure ranges fromO to 300 psig. A substanti al

benefit of the present invention arises fromthe use

of
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i mm sci bl e aqueous acetic acid phase contai ni ng

oxi di zed sul fur and/or nitrogen conpounds. The first
wonberosedi at e hydrocarbon streamis renoved frearius03/036746
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diesel/water weight ratio). The diesel product was then submitted for S and N

20 analyses.

The reaction conditions, desulfurization, denitrogenation, and material
balance results are summarized in Tables I 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

after the oxidation stage, and the latter gives the results after the liquid-liquid
extraction stage.

25



Heat of Combustion (BTU |b) 19424 Hydrocarbon Type
(W% Saturates 61.0 Mnoaromatics 33.7 D aromatics

w6 2004/06105ar omatics 0.2 D86 Distillation (% OPCITBR2003/036746
339.3 5.0 393.3 10.0 412.5 .0 438.2 30.0 461.7
40.0 482.6 50.0 501.2 60.0 522.5 70.0 544.6 80.0
570.5 90.0 608.9 95.0 645.8 FBP 658.5 5 WO
2004/ 061054 PCT/ US2003/ 036746 26 Several batch
experinments were carried out denonstrating the process
of the present invention. sel feed had the

conposition set fort b,d Té’t DQ?E ﬁow gen per oxi de,
acetic acid, water, | esel | ngs were 5

el d constant Tnlall o ,tnese eXPET IMENt ST A react ot
¢onsi stBHB of a fouhd- | botd om|fl dsk,| arf overH5ead 6 7

agitator, rerlux COI’]CIe Ser, a nrtrogenr niet—and

out | éeid dcfarll\@étl ngy tel, was E‘Pf@#‘ged wi th 300 gPhepphoric

( fue (345]p T2 ppm N, 7300 of —gtacial
ac&qeéat b‘oadingo EO%O% abifleoys #ydrlogeh |petBxide?s 5.0
and 25. ( Q) of distilled and dijoni zed ("D&O') watler.

-rl']'-?ed[lgt%ﬁs f.rcg)rrr\] Feed

%

Post-Oxidation Sulfur 25.2 43.5 40.3 48.4 39.4 46.1 45.5
Post-Extraction Sulfur 24.6 46.7 45.2 51.6 41.2 48.4 50.1

Post-Oxidation 53.6 56.3 571 58.0 52.7 50.0 48.2
Nitrogen
Post-Extraction 76.8 78.6 78.6 78.6 759 75.0 76.8
Nitrogen

Balances (%)

Post-Oxidation Diesel 107.2 105.7 105.9 105.8 106.9 105.8 106.7

Post-Oxidation 82.7 86.1 81.8 82.2 78.3 82.2 83.8
Aqueous
HOAc

1st 85% HOAc 108.7 108.4 107.3 107.2 109.1 104.0 106.8
Extraction

2nd 85% HOAc 102.2 102.2 103.0 103.0 102.0 102.8 102.6
Extraction

3rd 85% HOAc 117.0 102.0 101.0 100.2 100.2 101.1 98.6
Extraction

1st Water Extraction 105.9 106.3 105.6 104.5 105.3 105.6 105.6

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 83.8 82.6 84.6 83.3




10 m xture was agitated vigorously and heating was
initiated. Nitrogen was fed through an inlet to sweep
woheosdrdsace of the mxture to prevent a bui |l depTAK2003/036746

oxygen from any peroxi de decomgpsition. Once the
reaction tenperature had reached the targeted |evel,
the m xture was stirred at that tenperature for a
predeterm ned reaction tine. After the oxidation
peri od had el apsed, the 15 di&deli product was cool ed
and decanted, and sa@¥Hatipnfab0°C a§id0 Minatesl yses. The

diesellayer was then extracted with three portions of
85% aquggHs acetic gacid (g:1|di ggel|/ seyvent 4orali qy. 14
The diesel layer follow ng these extiractions was| then

$ubj iRy’ t h”‘eN&?ét ractionsgygfh water (in Phospforic
e

accordance with di esel /water weight| ratio

dlﬁ‘,&ﬁd:atﬂyé?dé&ingmsobb‘m sygm titegsfar Spand Ng 20 55 | 59
anal ysqato)The reaction|conditilons, desulfurizatipn,
deni-t rngnn:\fl on., _and hterial bhalance resiults are

ol

$ UaetadtioAe b Heeﬁa bl es || through V. The desjul furipgation
and deni%) ogenation results arne |istled separatelly for

! 355%‘*8&%3@? dJSHf bt 33“%?:3 cat%?gg%%i i | i

after the OXI on st age, and e | gi t h
I @881l xRiafdnt er tha ba 61Ul d-dgiqqui|d 57 gXtir agt,d on Sstage.
PRG4R61054 PCT/ JS2003] 036746 | 27 Tabead (" REL B | 82

aPosiBrattiof0 M nutssg RUN 283 4 988 1 746 d Glgal ysisg | 703
N§ivegéror m ¢ Phosphori c| Acid Catal ystf Loadijng 0.00 1.0
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45. 5Balpages {EXt racti on Sul fur 24.6 46.7 45.|2 51.6| 41.2
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HOAc

1st 85% HOAc 108.7 108.7 109.3 107.9 105.0 106.9 105.7
Extraction
2nd 85% HOAc 102.2 103.0 102.8 102.4 103.8 102.0 103.0
Extraction
3rd 85% HOAc 101.6 102.4 1024 102.2 99.8 101.6 101.0
Extraction
1st Water Extraction 104.9 105.1 104.9 105.4 105.1 105.1 105.3
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 96.8 100.0 100.1 99.7
Diesel After Extractions N/A 83.1 83.1 84.0 85.4 84.3 84.7




Bal ances (9% Post-Oxidation Diesel 107.2 105.7 105.9

105.8 106.9 105.8 106.7 Post-Oxidation 82.7 86.1 81.8
we20@/068058 82.2 83.8 Aqueous HOAc 1st 85% HOACTARB003/036746

108.4 107.3 107.2 109.1 104.0 §06 8 Extraction 2nd

85% HOAc 102.2 102.2 103.0 10? 0 102.0 102.8 102.6

Extraction 3rd 85% HOAc 117.0 102.0 101.0 100.2 100.2

101.1 98.6 Extraction 1st Water Extraction 105.9

106.3 105.6 104.5 105.3 105.6 105.6 2nd Water

Extraction 100.1 99.4 100. 0 12B1e§y100. 0 100.8 99.9 3rd

Water Extraction 10%ﬁd§tma¥3&%t§0mtés 100. 8 99.7

100.3 Dresel Affer EXtracii ofis 38b. 93,4 383.38
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Post-Extraction Sulfur 42.0 63.8 62.9 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 75.0 777 75.9
Nitrogen

Balances (%)

Post-Oxidation Diesel 106.5 105.4 105.5 104.3 104.4 105.3 106.4
Post-Oxidation 74.4 62.1 77.2 78.5 73.8 771 77.62
Agueous
HOAc
1st 85% HOAc 1111 110.9 110.3 107.4 107.9 107.3 107.1
Extraction
2nd 85% HOAc 103.0 102.8 102.6 102.2 101.2 102.8 103.2
Extraction
3rd 85% HOAc 102.2 101.8 102.0 101.4 100.8 101.4 | 101.2
Extraction
1st Water Extraction 104.9 105.1 104.7 105.1 105.5 105.5 105.7
2nd Water Extraction 99.6 99.9 100.0 99.8 100.1 99.7 100.5 |
3rd Water Extraction 100.8 101.3 100.3 99.9 100.4 100.2 100.2‘

Diesel After Extractions 82.6 81.8 82.3 84.4 83.9 83.5 83.8




Post - Oxi dati on Di esel 106.7 106.2 105.9 105.3 108.2

105.2 106.3 Post-Oxidation 73.7 82.2 81.0 74.6 81.4
wO20&/080058 Aqueous HOAc 1st 85% HOAc 108. 7 108T/1S2003/036746

109.3 107.9 105.0 106.9 105.7 31O'Ext racti on 2nd 85% HOAc

102.2 103.0 102.8 102.4 103.8 102.0 103.0 Extraction

3rd 85% HOAc 101.6 102.4 102.4 102.2 99.8 101.6 101.0

Extraction 1st Water Extraction 104.9 105.1 104.9

105.4 105.1 105.1 105.3 2ndTaide¥r Extraction 100.3

97.3 100.7 99.9 100.xidgipnpt §¢§ af 12GMinutest or

Pdracti-or—0-00—300-7 1000968 100.0 1001 99_7

4.7 - 5 WD 2004/ 061054] PCT/1S2003/ 036746 29 Table |V

gelsel Alher Extraca ops BEA 83. 24 83. 1284.10 8b. 4| 8473 28
il :
| dakid@ataiist 80C| alor@0| M nut espdpiy 15 16 17 1 190008k,

\ei-d—Catalyst Nohe Forfhic Phosphoric Acid |Catalyst

| ot Cegalfst 06ading0| 20805( 0 400 2.56. 0 £t % Reduct bens| sg
{rom Fdette)Post - Oki dation Sul fdr 41.71 56.5 |58.6 62. 3

3 568522 Dost—Ektraction—-Sulflur—42 10 63. 8 629
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Post-Oxndatlon 22.3 56.3 7.1 53.6 56.3 53.6 54.5

Nitrogen

Post-Extraction 63.4 76.8 76.8 741 76.8 75.9 75.9

Nitrogen

Balances (%)
Post-Oxidation Diesel 106.1 104.4 104.8 103.2 102.8 104.2 106.1

Post-Oxidation 70.2 70.1 89.6 62.9 67.2 58.2 729
Aqueous

HOAc
1st 85% HOAc 110.5 107.7 105.7 106.1 105.4 107.3 107.9
Extraction
2nd 85% HOAc 103.2 103.0 102.6 101.6 102.0 102.0 103.2
Extraction .
3rd 85% HOAc 102.0 101.2 101.4 102.8 101.0 102.4 101.6
Extraction
1st Water Extraction 105.0 104.9 105.1 105.2 1054 106.1 104.8

2nd Water Extraction 100.0 99.5 101.0 99.5 100.4 100.4 101.2
3rd Water Extraction 100.3 100.6 100.3 100.9 100.3 99.4 99.6

Diesel After Extractions | 83.1 84.6 85.1 85.8 84.3 84.7 83.6




Post-Oxidation 74.4 62.1 77.2 78.5 73.8 77.1 77.62

Agueous HOAc 1st 85% HOAc 111.1 110.9 110.3 107.4
woQi49610837. 3 107.1 Extraction 2nd 85% HOAc 10BCO/USOD3/836746

102.6 102.2 101.2 102.8 103.2 Extractl on 3rd 85% HOAc

102.2 101.8 102.0 101.4 100. 8:1 1.4 101.2 Extraction

1st Water Extraction 104.9 105.1 104.7 105.1 105.5
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except that the oxidation temperature was increased from 50 to 80°C. The
level of desulfurization was increased slightly under these condltlons.‘ The
addition of an acid catalyst provided a higher level of denitrogenation than in
Run 15 where no acid catalyst was used. Overall, 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 Il 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 permitted 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.



Agqueous HOAc 1st 85% HOAc 110.5 107.7 105.7 106.1
105.4 107.3 107.9 Extraction 2nd 85% HOAc 103.2 103.0

waal4Beld31. 6 102. 0 102.0 103.2 Extraction 3r dP8bUSLDA0D36746
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102.0 101.2 101.4 102.8 101.0 492.4 101.6 Extraction

1st Water Extraction 105.0 104.9 105.1 105.2 105.4

106.1 104.8 2nd Water Extraction 100.0 99.5 101.0
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seondangen wasrcdmevédﬁe It ds ubdlieved athiso material was most likely the
missing acetic acid/water.

The 1% 85% HOAC extraction balance was the highest in comparison to
the subsequent second and third extractions. It 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 extraction had the highest balance
within the water-extraction set. The high balance is due to the removal of
acetic 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 probably
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
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example. The process conditions for the oxidation are summarized in
Table VIL.

Table VIl.  Process Conditions for Hydrogen Peroxide Optimized Study

Parameter B Targeted Level
Protic Acid Phosphoric
Acid Concentration (wt% in Feed) 1
Diesel (g) 300
Glacial HOAc (g) 300
D&D Water (g) 25.5
Temperature (°C and °F) 80, 176
Time (min) 120




di esel | ayer does not account for all of the |osses of
acetic acid fromthe 15 oxidation, however. It is
woebi4msed4t hat the acetic acid and water were ROSHUS2003/036746
likely lost as a result of theggtripping action of the
nitrogen sweep at reaction tenperature. An
accu ion of a colorless |iquid downstreamfromthe
r ef | ux 3Weibéhdaadieg (g)bserved. It i § bell eveRabl S
mat erijal_was nost likely the mssing acetic
acid/water. 20 The 1st 85% HOAC extractiom patamcewas
the highest in conparison to the subsequent second
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 1st 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 ni ng di esel was probably extracted by the
sol vents, which can be recovered by conventiona
means. WD 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
Optimzed Oxidation Conditions Run 29 28: Catal yst
None 5 wt % H3PO4 H202 Conc. 1,463 1,010 in Diese
(ppm Tenperature (C) 100 80 Tinme (mn) 120 Post-Ox S
(ppm 127 129




Post-Ex S (ppm) 96 92 Desul furization (%9 72 73 By
adding 5 w % phosphoric acid and reducing the

woenp@casyure to 10 80C, it is possible to PCT/US2003/036746
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significantly reduce the hydrogen peroxi de usage by

45% to provide a constant |evel of desul furization.
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091 106 094 109 097 112 1 O Ac:| Cat al ysi s~
Yes No Yes Yes |[No,Yeb Oéﬂ N i X 1.5 OX 23X L
3. OX H202R|“(r)1 Dieslel 11, p18 1 515|2%0240 ®. >2§ 8 lof | 9 | 10
( ppnj—Reduction—from Fucu Post—O—Sufur —4-54-.H
58.8/ 66 7 62 6 71.16087. 5080./91082| ©969. 706 St%qe-me 097 | 112 | 100
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85. 7|4 age- 2) terjial Ballances Post-Oxidatijon 106 '
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Post | R2edd®&t i on 70.|12 67 [73.2|75.7/65 79.2 70.7 [77.1/89
0
18-70 ﬁﬂg&?ﬂﬁ? st B0 KX |5tk 1897 108 61191 4 %7 9% 600 | 725 | 687
Post-Ex Sulfur 644 |704 |71.0 | 844 |80.3 |904 |87.5 |936 {916 |942
(Stage-2)
Post-Ox Nitrogen 223 |56.3 |56.3 |58.0 |53.6 |625 |58.9 |652 |652 |696
(Stage-1)
Post-Ex Nitrogen 634 |76.8 |78.6 {804 {536 {813 [80.4 {830 |821 |857
(Stage-2)
Material Balances
(%)
Post-Oxidation 106 102 [ 105 (106 | 105 |105 {105 | 105 | 105 | 105
Diesel
Post-Oxidation 70.2 |67 732 | 75.7 | 65 79.2 | 70.7 | 77.1 | 89 79.0
Aq. HOAc
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 102 101 102 102 101 102 102 101 102 103
1st Water 105 105 106 106 | 106 106 106 | 104 105 106
2nd Water 100 100 | 99 100 |99 98.2 | 99.5 | 99.1 {99.2 | 100
3rd Water 100.3 | 100 [ 100 | 102 |99.1 {101 |99.5 {101 |99.8 | 994
Final Diesel 83.1 | 843 | 851 |80.0 [83.8 [84.2 {84.1 [ 812 | 844 |813
Balance (%)




2nd 85% HOAc 103 102 103 105 102 103 103 104 103 103
3rd 85% HOAc 102 101 102 102 101 102 102 101 102 103
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Water 100 100 99 100 99 98.2 %%5 99.1 99.2 100 3rd
Water 100.3 100 100 102 99.1 1 99.5 101 99.8 99.4
Final Diesel 83.1 84.3 85.1 80.0 83.8 84.2 84.1 81.2
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alegb tladre 05 ppvetif@n i s observed in the sul fur and

nitrogen concentrations. In general, a steeper
reduct ABAr id sequancec ®fic8hta aaqueoliss acetis easidd and tD8&D water

' | oadj S i d. FIGQURE 3 icts a plot,
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Tekseved asdbalppsexide foaslingisinGdaEed. FHGURE 3rdBpicts a plot of the
ur concentration, but the
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~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
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

step sulfur and extraction step sulfur widens substantially as the peroxide
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product contained 29 ppm which " represents a 92%
sul fur reduction. The gap between oxidation. step
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Table IX below.



Tabl e I X. Variable Water Concentration in Acetic Acid
Extractions of Oxidative Desul furization of diesel
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Hydr ogen Peroxi de, 120 m nut €539 80C Run 1 2 3
Oxidation Results Sulfur (ppm~135 N trogen (ppm 55
Agqueous Acetic Acid (wt% 95 85 75 Extracted Diesel
Results Sul fur (ppm 92 112TaBk IXNi trogen (ppn) 12 26
29 Reduction fromFeed Sulfur (%9 73.3 67.5 66.4

Ni trogen (iaBR. Waitd ConéénttatidrrABMARGEE tMUctibior 1
*103 1lOxidbdive iH8aifdridadtidnlérdiddel usifd s v dFoskhéritPleid

Water-1 1Qﬁdm5|ch%emtwmgg&9%mué@kzo\ﬁﬁhﬁ{es:”sd‘@g
98.4 98.7 Final Diesel Balance (%9 71.5 83 84.

4f\
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WO {2004/ 061054RBRT/ U52003/ 0167461 40 1In gerperal 950/03“
aqULele acetic acid: ﬂﬂ\/P tha hi ﬂhPQt earee of

degul furization, but not mudh hi gher than 85 and 75%

cor|c@xidationi Regsults The detri ngnt of the 95% acetic acid
i s lover-extraction. The secadnd and third 95% 5 acetic

aci|dSudfut (mmt)i on nmass bal ancgs are hi gher tisgn the
s eqdittogerd(pphi) r d 55

Aqueous Acetic Acid (wt%) 95 85 75

Extracted Diesel Results

Sulfur (ppm) 92 112 116
Nitrogen (ppm) 12 26 29

Reduction from Feed

Sulfur (%) 73.3 67.5 66.4
Nitrogen (%) 89.3 - 76.8 74.1

Mass Balances (%)

HOAc-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
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acid produced an unusually |ow bal ance for the first
extraction due to insufficient settling of acetic 10

acid | ayer so nore acetic acid remained in diesel.
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ni trogen-containi ng organi ¢ cogpounds; and (d)
recovering the second hydrocarbon stream 2. The
process of Caim1l wherein the stoichionmetric ratio of
Zghﬁ&%@éﬁfﬁ@'{@d@é to sulfur plus nitrogen in the

about 3o 1 10eRAE for SRR @R gn, sedstofl o produce

strefingrly dranspioctatiahifaebdr blepdingoesmpenentsder refirfed) ftdhsportation
edst ock ranges

P, SWhEEH s facgsliekl 550 sulScantamio phiseiss impurities
ol : - A, _ e =
ior?cl uc?elmaré%e gﬁgmdbg%_lréomé?ﬂ?hgﬁh aboﬁltCﬁgggi#ég:. i H'Bn'ses.
process of @Rhi mcpniandingi rihe héeedstoclt i withc@ndiiimissible phase

' ' i [ fromabout 1 m nute -
to- abostREETH e G b8 ot AhciEbeoatbn samerising
42 6. Ttydrqgescpsmxide i@l ai oxidatibrizens a:tftg(id?étﬁiﬂ iorféﬁ]?éhditions to
[ 1e  oxidation zone is present_in an anoul L
?Zﬁgi h@XH?%‘?n atfy Pf-%"f\%{m%toaé\%&& gifrogenszanidiatngon organic
t he weicghipodindshe i nm scibl e phase. 7. The process of
Caiml wherein the solvent used in the liquid- 5
liquid extrd&Rkioeparaingoat deast abpartiono ofitthes inomisoialé phase

92 w . ¢ il h ai m 1 erein .
t he, seggﬁﬁ@gfg@e{r %%ugq¢€°arrﬁn£mﬁ‘§s %’_&@/fgégl'tp@eg %‘?\gﬂﬁ'ﬂﬂ‘g organic
| i qui dchbhypeiundexta otrnoa ﬁrsanTetEﬂrt])bnt bﬁ'leéﬂp;vﬂding a reduced
treamj.s contacted with a sol vent o

ggﬁ{)?ic%ﬁ%?\'}v:tor?otx@ﬁ‘gdﬁ%' rLontaining .aRA/pRHi pirogen  containing
hydr ocgohpousdseam and an extract water stream
containing 10 acetic acid. 9. The process of Claim®6

wher ei n t he (@cet centaetingi at feasteat porioa of ahge ficst hydnocarbon

about 9Bedn Whth @&véﬁtﬁngﬂ?gsri%i Ié‘é?ﬁcf ﬁgﬁsgch{q@ga‘r% rg: Eq}prq-liquid

wherein the aceti c aci

about 8Blragtion Zonebtouprédliost at edivactlstrddra posteRify oft least a
at dr ocar bon

e, BOURAL 4" 2L “4PR) beBliShe! Ao okeasmaontaing
petrol erganic compounds and a raffinate second hydrocarbon stream
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
hydrogen peroxide to sulfur plus nitrogen in the hydrocarbon feedstock ranges
from about 1 to 1 to about 3 to 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.

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.
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C 18. 11Dhe ﬂ'hecpmesé oﬂcaaigm %mﬂvﬁﬁlﬁltﬁetd&tlﬁﬁ&mé PFesent in a
condi tio resi de tige rangi ng from
aB%nLﬂe rll?”tl%% “éﬁ@%’tt 1%?9%1%50’1’%4’ 5 19. The process
15 of O anm 13T‘hﬁe'b?d>éés*sh%f ACRirh C 12Ghdrdifcdt '18adihg . portion of the
oxi dation zone Is present in an anpunt ranging from

abyatocardan fegdstoctvisua produeitofa hydeatreatingherosess fior pétroleum
mgs;ugé‘%' ?\ﬁfé&lsﬁ Stméﬁr clé@?wiélﬁ?%i Oftlln%ﬁga éoe%roleum distillate

exftha tsovincez oﬁehydmgau as hydimgtenﬁﬁo%o%tt@n@bﬁUthegﬁesence of a
rocess . of Caiml

acet .C_aci
WheToBfRetin 2etelit f aesist BioRVGGRaa Jopyabar ssifr andlor
20 sanmg@nlfr@mltﬁeIp@%@m@mspuﬂ%l on zone wherein the
second hydrocarbon streamis contacted with a sol vent
conpri 42ng VAeeprocespohdilain 4 wherein the immiscible phase and the

extract stream are passed to 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 an 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 to 1.
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hydrocarbon feedstock is a proggict of a hydrotreating
process for petroleum distillate, which hydrotreating
process i ncl udes reacting the petroleumdistillate
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23.  The process of Claim 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.

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
90° 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
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 and/or
nitrogen from the petroleum distillate.



