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Thi s i nv&ft 18¥31%l ates to a process for the renoval of or §&AVEsesmiTDar
conpounds by oxidation from hydrocarbon fuels which have relatively | ow
amounts of sulfur present, such as in fuels which have been through a
hydr ogenation step to renpbve organic sul fur conpounds. The presence of
sul fur in hydrocarbons has | ong been a significant problemfromthe
exploration, production, transportation, and refining all the way to the
consunption of hydrocarbons as a fuel, especially to power autonobiles
and trucks. Now, it has becone an environnental objective to rid fuels
such as diesel fuel, gasoline, fuel oils, jet fuel, kerosine, and the

like of the troublesegkLPbARBIONGATW ADMHE o fﬁg&% in such

hydrocarbons, even though og, @, f fF-4h ,.Q@ﬁjb%ngr&l anount present to
begin with is small such as,, ?or exa e, in diesel fuel the sulfur

content may be about 500 parts per mllion by weight, or |ess.. However,
under the present reginme even this anount has becone too nuch with

ext ant Batkbriohngd o€ tid meerittgiil ati on of sul fur em ssions from many sources
becom ng increasingly strict. The prior art is replete wwth attenpts to

reduce the SBISfRHENEOHEIIS 1D PIYHT SEhBET B! Biotraanis sdfie comnounds by axidatiqion
of or gaBinhyakdchibon RBSHRIEh hBMHCRIANel v aRbinits oagﬂlﬁfrgk&tzh@gmﬁ%s B fuSR L,

has taught the use of various peroxides in conjunction wth a carboxylic
aci d ahrye bepethréughad iydrogenatiopsterf rremdve preghissuifavedmpehnds. t he practice
of this invention; i.e., hydrogen peroxide and formc acid. For exanple,
U S. Patent 5,310,479 teaches the use of formic acid and hydrogen

per oxi de t OTRXbeHs&fe T sulfut Uh hSORRABBAL hhd IdngUbken0d kignlfidint bihlérh€rom the
application of the technology only tq aliphatic sulfur conpounds. There
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i ndi scobjedtivateriy foeleadchaasdditsel fusd, gasolires Ggphiode, jehfiel denmines and Swdikarnfalges
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to the successful operation. ) ' ) o
be about 500 parts per million by weight, or less.. However, under the present regime even this
amount has become too much with extant and prospective regulation of sulfur emissions from many ‘

sources becoming increasingly strict.

The prior art is replete with attempts to reduce the sulfur content of hydrocarbon by both
reduction and oxidation of organic sulfur present. Much of this prior art re[aﬁng to oxidation has
taught the use of various peroxides in conjunction with a carboxylic acid and, specifically, the
preferred species involved in the practice of this invention; i.., hydrogen’peroxide and formic acid.

- Forexample, U.S. Patent 5,3 10,479 teaches the use of formic acid and hydrogen peroxide to oxidize

20 sulfur compbunds in crude oil, limiting the application of the techndlogy only to aliphatic sulfur
compounds. There was no hint ofthe removal of arorﬁzitic sulfur compounds. This patent discussion

is directed to the removal of sulfur from crude oil rich (about 1 - 4 %) in sulfur compounds. The

acid to peroxide ratio was indiscriminately broad and failed to recognize the economic disadvantages-



Water was used to extract the sulfones fromthe treated hydroc?qggg wﬁ.a
separate wash step. Further, the prior art also fails to recognize e
benefi ci¥4P %ef$det of Ilnltlng t he peroxi de concentrati onPES/USHAANE ues
W t hout conpromi sing either the rate %r extent of oxidation of the sulfur
5 conmpounds. A recent study entitled "Oxidated EEsquurlzatlon of Qls by
Hydr ogen Peroxi de and Heteropolyanion Catalyst,' Collins, et al.
publ i shed Journal of Mbdlecular Catalysis A: Chemcal, 117 (1997) 397 -
403, discusses other studies to oxidatively renove sulfur fromfuel oil
but |arge 10 quantities of hydrogen peroxi de were required. However, the
experimental work did show that unacceptable anounts of hydrogen
per oxi de wer onsuned thus s esting the cost of gxidative reduction
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adsor b&HH ?iﬁ‘(dé'rl als. The treatnents described are characterized by use of
alow 20 ratio of formc acid to the hydrogen peroxide. Wiile this and
other prior art recognize the reaction kinetics and nmechani sm of hydrogen
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WO 02/ 1851 e denonstrates e ect ve renova

7000 prsduaionsaflsiilfor sufebdstdriks fordiessl dsed it bé muyeeminissibly sighappl i cabl e to
hi gher |l evels of sulfur. O course in sone instances, the practice of
this invention may be economically and technically applicable to the:
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has been found in the practice of this invention that the sulfur content
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of ten a ow as bet we i dation al ane
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oxidants, one of which is disclosed as a mixture of formic acid and peroxide. The distillation
products, the organic sulfones, are removed by a number of methods including absorption on
alumina or silica adsorbent materials. The treatments described are characterized by use of a low -

20 ratio of formic acid to the hydrogén peroxide.

While this and'._other prior art recognize fﬁe reaction kinetics and mechanism of hydrogen
peroxide and other peroxidesiwith organic sulfur compounds present in various fuels, none recognize
the combination of factors necessary to succéssfuily and economically remove relétively small

25 - amounts of sulfur present in fuels such as diesel oi}, kerosine, gasoline, and light oils down to
| residual ievels'approaching zero. While low amounts of sulfur will be construed to mean in the

context of this invention, those amounts which are less than about 1500 parts per million, an



residual sulfur values since some of the oxidized sul fur speci%$ Adp pgve
a non-zero solubility in the fuel, and a partition coefficient that

defi nes WR&M8YBstribution in the oil phase in contact wiREVHS01/41554
substantial ly i miscible solvent phase, whether it is an organic sol vent
as in prior art, or the high acid aqueous phase of this invention. In
addition to the substantially conplete and rapid oxidation 10 of the
relatively | ow amounts of sulfur in the fuel feed, the present invention
al so teaches the substantially conplete renoval of the oxidized sul fur
to residual |evels approaching zero, and the recovery of the oxidized
sul fur conpounds in a formsuitable for their practical further
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t he suedovercafitheotidized anlfiarourtounds inraoforalsaitdbléfot thearpparticibiupthen dispositione
i nstances. even less. In practicing the process of the present invention
t he h%?“b&%‘flﬁm‘ln‘?%?y%fﬁ‘avywng | ow amounts 5 of organic sul fur
conpounds, i.e., up to about 1500 ppm is treated by contacting the

sul fur- containing fuel- with an oxidizing sol ution containing hydrogen
I¥er oxi de, flhemubfuninpouadeivhichiard mostaiffigulieximans by hyalbegenatien sppeagnbe the
wat er

e T e Y PRERAREL Behu R aP ! o0
necessaicye, MestBagiatintbh Selective Oxidation and Extraction of Sulfur-Containing Compounds to
| Economically Achieve Ultra-Low Proposed Dieselvl.-_'uel Sulfur Requiremenfs (Chapados, et al.,
NPRA Presentation, March 26 - 28, 2000) the oxidation step involved the reaction of the sulfur in

20 a model compound using dibenzothiophene \;/ith a peroxyacetic acid catalyst made from acetic acid
and hydrogen pcro;(idc. “The reaction with the peroxyacid was conducted at less than 100°C at
atmospheric pressure and in less than 25V'minutes. After extraction, the process. resulted in a

reduction of the sulfur content in the diesel fuel. Still, the cost was indicated to be high with the -
hydrogen peroxide being the biggest cost item and consumed in the process due in large part to the

25 lack of recognition of the part excessive water-plays' in the efficient utilization of low amounts of -

hydrogen peroxide.



the sulfur in the fuel. The oxidizing solution used contains hydydash
peroxide at | ow concentration, 10 the concentration, in its broadest
sense, b¥OHYIBF8m about 0.5 wt % to about 4 wt % The rea®ClgHol#Ss+
carried out at a tenperature of from*about 50C to about 130C for |ess

t han about 15 mnutes contact tinme at close to, or slightly higher than
at nospheric pressure at opti num conditions. The oxidizing solution of
the invention has, not only a | ow amount of water, but snmall amounts of
hydr ogen peroxide with the acid with the formc acid being the |argest
constituent. The oxidation 15 products, usually the correspondi ng organic
sul fones, becone soluble in the oxidizing solution and, therefore, nmay
be renBuagnifomihbEnlesiahf uri zed fuel by an al nost sinple sinultaneous
extraction _and a subsequent phase separation step. The aqueous phase is
removed fro ﬁﬁmﬁheenyﬂmcowccbkhat tlapdls suaktab dhsd&wlﬂmoam,eddum tueg,uhdugh meeting
conten su fu con ni n onstlt nts of the fuel
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- which now hasareduced sulfur content. While all sulfur-containing constituents of the fuel may not

be removed to the desired very low residual sulfur levels by the extraction step into the now spent .
20 oxidizersolution, the conversion and concentration reduction of sulfur in such fuels in the oxidation
step provide a more easily accomplished extraction and removal to almiost completely dgsulfurize .
the resulting liquid hydrocarbons; such as fuel oils, diesel fuel, jet fuel, gasoline, coal liquids, and
the like to levels of about 5 to 15 ppm sulfur, and often approaching zero. Where there is a residual
amount of oxidized sulfur compounds, usually sulfones, in the fuel, this invention enables the

the res idual sulfur by
practical and economlc use of additional separanon steps to remove/selected solid adsorbarits such

[ O]
w

as, for example in a cyclic adsorption-desorption operation to achleve a sulfur-free fuel product,:

and recover the oxidized sulfur compounds in a concentrated form and in a way practical for their



stream such as for exanple, a gasoil, and flash distilled to renpyehhe
wat er and _aci d overhead while 10 transferrlng and | eaving the

sul fur - cOYP APy compounds into the gasoil stream exiti n®@CAUINEIFSt t om
of the distillation colum. The overhtad stream containing acid and water
fromthe flash distillation and sulfone transfer colum is further
distilled in a separate colum to renove portion of its water for

di sposal. The acid recovered can then be returned to the oxidizing

sol ution makeup tank where it is conbined with the hydrogen peroxide to
formthe oxidizing solution and again contact the 15 sul fur-containing
fuel feed This preservation of the acid enhances the econom cs of the
process this i ntion. After. separation the fuel maybe further

heat ed gﬂ% TVHSHE q?ﬁyﬁ gﬁQﬂ§n9%¥ﬁﬁﬂ ‘egﬁﬁafmater azeotrope, which
can be recycled to the liquid-liquid separation step, or el sewhere in the
" process. 20 Then the fuel may be contacted with a-caustic solution, or

Wi th anhydr oOscetkd @itrant cortaiteing the exidized subfur clnhpouniis Bsepapatepiromele ddsnifurgied
fiLteraggbdeV|§es t neutralize any trace acid remajning and_to make, a
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After separation the fuel may be further heated and flashed to remove any residual acid/water
azeotrope which can be recycled to the lxqu1d -liquid separation step, or elsewhere in the process..
20 - Then the fuel may be contacted with a caustic solution, or with anhydrous calcium oxide (i.e.,
quicklime) and/or passed through ﬁltenng devxce; to neutralize any trace acid remaining and to make
a final dehydration of the fuel. | The fuel stream méy be then passed over a solid alumina bed, at .
ambient Lemperature to adsorb the residual oxidized sulfur compounds soluble in fuel, if any are’ |

present. The product 1s now thorough]y desulfunzcd neutralized, and dry.

The oxidized sulfur compounds adsorbed on alumina may be removed by desorption and

solubilization into a suitable hot polar solvént, methanol being the preferred solvent. Other suitable



avoi d the dangers connected with handling a 70 % hydrogen peroxi de
solution in a refinery environnment. The solutions are m xed Hqﬂ{ @

an oxidizing material containing fromabout 0.5 to about 4 at Gﬁ@ rogen
per oxi de, Iess than 25 wt % water with the bal ance bein fornlc aC|d The
15 wat er i WOOHESYki di zer/ extractor solutlon normal |y coﬁﬁ

sources, the dilution water in the peroxide and acid solutlons used and
the water in the recycled formc acid, when the process operates in the
recycl e node. On occasion, additional water could be added w t hout being
detrinmental to the practice of this invention as long as the criteria
expl ai ned herein are considered, but it is inportant to an econom cal
process to keep the water content |ow as set forth herein. The 20
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02/ 18518 $PEBHOPERAUPR; s wi | |- acconplish a rapid and conpl ete
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from about 20 w%aatsolfseoofpfamemtmﬁs %fﬁ raRh| ﬁ°“’b"é1 ORPHIS QEYRSFERYY- t o

OXi i & ANGIaB% b8 8 by UeQBDIfSRe &4 olikioPWAR 8 0bminBrofalifhSailable 4@ 8deR heroxide
concentrations. Since the noles of hydrogen peroxide to be used is

propor t i éeftion; pormaly HecAfrie. B and F0uvt °p carcapiration gommersislly Availplle Hxerder tps.
consuied 4, i eeCR ber®lcofdttRd »\mt Bhbdly £39 ).?w&ogefn ideVS18lhasta RAntHE

econoni cs of the eration if the anount of present is excesSive,
or if them@roameﬂtoti" Iipeis eean@drterewegempxxﬁhm@h@tmt@mammgfem@wt@ét ed

whi ch ‘M vﬁ% }wggoeggn ﬁé‘%ﬁe. fe§s th;.n S vﬁx/amlsﬁwtﬂ Jﬂe t?a'idﬂg@oe fomg ackd l’trh €

hydrogen perOX| atural tendency econpose o wat er
nonkSr eactwmnmd)qumzqn/ndeactqrh@steonmomhllmcomss frdmevceefomces, tltemlannrmemm tbm is

proper|y e”E’)?E% aRCdch I sol{i’t”o%gé%ésdh'arﬁ‘ogtﬁ% dr ;ﬁﬂg%é e ffoﬁrw: bl wﬁe‘dgﬂe E»‘%cis?r

exanpl e Pess ppm from uél's Yea

mar ket t bysematdsoin tlherrmyale mbdes UDif uccaimronaddnmd:d oatbr oot e ndded vgn}mxs baimgunt s

of sulf Yletrimental to the practice of this invention as long as the cntena cxplamcd herein are considered,

but it is important to an economical process to keep the water content low as set forth herein. The

20 ~ preferable concentration of hydrogen peroxide, which is consumed in the reaction, in the oxidizer |
soludon would be from about 1% to about 3% by weight and most preferably from 2 to 3 wt %. The
water content would be limited to less than about 25 wt %, but preferably between about 8 and about
20 %, and most preferably from about 8 to about 14 wt %. The oxidation/extraction solution used
in the practice of this invention will contain from about 75 wt % to about 92 wt % of carboxyhc acid, -

25 preferably formic acid, and preferably 79 wt % to about 89 wt % formlc acid. The molar ratio of‘
acid, preferably formic acid, to hydrogen peroxide useful in the practlce of this invention is at least
about 11 to 1 and from about 12 to 1 to about 70 to 1in the broad sense, preferably from about 20,
to 1 to abbut 60 to 1.



15 I'n the oxidation of organic sulfur conpounds using hydrogen peravgizgs.
the stochionetric reaction ratio is two noles of the hydrogen peroxide
consumedVpdrR/1%dBe of sulfur reacted. In the practice of REI/YSYIMIENRY i on

t he anmount of oxidizing solution used should be such that it contains at

| east about two tinmes the stochionetric anmount to react the sul fur
present in the fuel, preferably fromabout two to about four tines.
Greater anounts could be used, but only at increased cost since it has 20
been found that inprovenent of sulfur oxidation is marginal at best when
the amount is greater than four tinmes the anount needed. Furthernore, to
m ni mze peroxide | osses by deconposition side reactions, the hydrogen
per oxi de concentrations in the oxidizer conposition of this invention are
preferably adjusted at |low | evels about 0,5 wt %to. about 4 Wt % At
these |l evels and the reaction tenperature of about 95 C, it has been
surprisingly discovered that the rapid and conpl ete oxidation, 25 and
extraction ounds rom h roc rbon feeds of relatively.
| ow sul f urTESH”f‘hrﬁccomB’(’#‘p"e %‘%“r%lf/te\ﬁxl‘% ‘Pﬂé)?éli‘ed@d;"éar@f‘}pdﬁ“‘%sr aﬁ‘i i de
deconp@giahiiQlextrh@ial ftdh QudH‘reﬁn&fl\%GéﬁcQ@és AELd] AR, ?Em&lcopéz%ﬁﬁuswﬁﬁh contain
desul furization of such fuels the su resent woul d be

cal cuframadoutR0 627bpgs 150 0ppm allﬁxt@dzmehcmp@%qnwbs@@xmzqm el H8stoTRANIG t
f | f |
Be' ”gflﬁfuﬁv P%@Bﬁ?ﬁ‘ opzﬂ étvc%er ch Cﬁ?&lt}&h%g éﬂ& tﬁzle%rﬂﬁé MVEPJEFQPD ned; de”co‘b@%s{]due

i's al enzot ne or ene su fromt
oxi datsipmﬁoetxdrraaai memnmfsaﬁuﬁlﬁmht and sindeghs pérbaide abaisurhed, phm:mnbf thns in
the treat.ed f  her | f ur-containin 0 ounds ouI d, eve tho
oxi di Fa%2kean 8V“a%|‘&ﬁgﬁ%en%f cckon ‘ihaé‘fqn&H“%%%‘ jondf ﬁgﬂlﬂ}m@és fpé'?

depengdicRgestiReRr tfifere ta}’d)@th@rf hy'ii%cfawons gyeeémqﬂ e hatdh@] SQhs Rbdtkd Whidh mﬁbe
fuel being treated. 5 Surpri'singly, limting the water and hydrogen

per ox9ddizesh sudas, fongxarnplerisaidesi. £ ﬁewrﬁ@ bydrogert pargiide hanagrturakiendencyto - .
1@r ?Ct de%@xlnpggeQB e’ B8 Yoh FedMibh o%%ﬁ%d%oﬂ@ieegoﬁdﬁﬁhg a&‘h&@fo% ?r gﬁv@nﬁo? is

fur conpounds at high rates ow per oxl de concent rati ons
r el atirordrly ngpsibefpldo omldlaueﬁmﬁsmgueus of Métrsmgﬁl ahfooenstile lesetan atene hQ0

and g ng i h r%par{)grl f‘x‘;ess r@a%f tlopx%(ﬁé(lé t forqg&goe%lof lkur(go tl&%ﬁgoélgontammg

ondr I ons being recognize e ar ica unf avor a
condnyosn@nodnmtadduhron to this unexpected result, |t i's acconpli shed
with little |loss of the expensive hydrogen peroxide to expected side
reacti ons of self deconposition, or wi.th other hydrocarbon species. Wile

1$he fol | owhABe bxdatidid @moﬂg§mel@§rﬁm c@%ohﬂd§@§fﬁ% % n pdrbxidbSthe B®chiometric
understood by those 15 skilled in the art at there is no intention on

t he partiopfatiis twwmi%@éthﬁéwé@ﬁert peraslg donsuamsd pramolepf sulfur reacted. In the

practice of this invention the amount of oxidizing solution used should be such that it contains at
least about two times the stochiometric amount to react the sulfur present in the fuel, preferably from
about two to about four times. Greater amounts could be used, but only at increased cost since it has
20 been found that improvement of sulfur oxidation is marginal at best when the amount is greater than
’ fo-ur times thevamount needed. Furthermore, to minimize peroxide losses by decomposition side
~ reactions, the hydrogen peroxide concentrations in the oxidizer composition of this‘invention are
preferably adjusted at low levels about 0.5 wt % to.about 4 wt %. At these levels and the reaction - .

' temperature of about 95°C, it has been surprisingly discovered that the rapid and complete oxidation, '

to
wn

and éxtr'actipn, of the sulfur compounds from hydrocarbon feeds of relatively low sulfur content,
compete favorably with the side reaction of peroxide decomposition, resulting in a practical and

. economic process for desulfurization of such fuels: Normally, the sulfur present would be calculated. -



1

the concepts of this invention with respect to the reduction dof1H4bg 2005
organic sulfur_in fuels and light oils. Brief Description of the -

Dr awi ngsS¥YO823Y8 | shows a schematic flow sheet of the prBFEUSEH*HFbcess
of the instant invention wherein thé sulfur renoval is acconpl i shed by
the oxi dation/extraction step alone. Fig. 2 is an alternative schematic
fl ow sheet showing a preferred processing sequence for the . additional
renoval of sulfur oxidation products which are soluble in the hydrocarbon
fuel, 25 Fig. 3 shows the results obtained by plotting the residual
sulfur in the fuel against the change in formc acid concentration in
the oxidi zing/extracting solution of this invention using the 3 1 AUG
2005 ) .+ PG - 4 h J. I 0.
epor R R e TP B BRI Lt
pl ot tdihenzotivophese duthiophahd sui fur,nhdntbe femelvabjemnistoxidationfeamgeaionktep paekanr ed -

hydr ogen peroxi de concentration in th i di zi_ngl extracting sqQl ution of
thi s PIGERngRoY RRgP BHET R raler - ﬁﬁzféﬁﬁ&wep@ﬁg%s R pfizcould) even
exper Bt Sxidlihd, icAudendilofallex kb ithn andsEABGal ks fo%%%ﬁ@m%?f‘&b@xﬁﬂn@&bon_the

plotting the residual sulfur in the fuel against t hydrogen peroxide
st oi dbPoebsulipr fnvolvad aad the sqlebilint infthe fiekbelpg drestedicent rations in the
oxi di zi ng/ extracting solution of this invention using the mathematical
nodel devel oped fromthe experinments described in Exanple 1. 10 Fig. 6.
shows t he Afrbasihglyf byt lheitimgltiee watkrt anddfydiogemperogide frekent Aydthogadtigpeoaditides at
different stoichionetric factors on the sulfur oxidation based upon the
dat a Vsl BeRfiomha Prasud pareerhraskiamiil almoss complete7oxifalign eherspaismifyr -
obt ai dagthoRYidd 41 EaRes] WRIN0 pdrERdk ESndddtrRidhis! dtRdatt Ry el sheliaSel W ovet
the fuel against the formc acid concentration at a fixed stoichionetric,
( St . Rhe fstrdctopmamit tequiroment, apérax fatds vt eelativaly hew t utfudi apatentataliep £ thefe om
he experi ne descri.bed i ample. 2. .Det ai | Descr.ipti ..Lh .
et REfTE B BRok i on U Ml it apd Sb Ao AR TN 3R sl o wis
descrunbegkcasi reatlt, itas ideohplisiadafitielitile Idshef ieeepasivethytdogsan pervane tagxpected
surprisingly oxidizes, alnmst quantitatively, organic sulfur conpounds
when sﬁfﬂ‘isg‘?ﬁ%ﬁéoééﬂfz'r‘g? mpcs§icds |wrft%8fh,erb§¢§r8¥?rhgr} gﬂféfe&sene, and ot her

| i ght hydrocarbons which have been refined, nornmally after a

“ hydrogenat.i on stepli n a hydrotreater where sul fur conpounds_are
o

While the 1ollowing invention is described in some detail, it must be understood by those

1S skilled in the art that there is no intention on the part of the inventors hereof to abandon any part of

the concepts of this invention with respect to the reduction of the organic sulfur in fuels and light

otls.

Brief Description of the Drawings

20 Fig. 1 shows a schematic flow sheet of the preferred process of the instant invention wherein

the sulfur removal is accomplished by the oxidation/extraction step alone.

Fig. 2is an alternative schematic flow sheet showing a preferred processing sequence for the | '

additional removal-of sulfur oxidation products which are soluble in the hydrocarbon fuel.

Fig. 3 shows the results obtained by plotting the residual sulfur in the fuel against the change

in formic acid concentration in the oxidizing/extracting solution of this invention using the -



reduced and renoved | eaving a small nunber of sul fur species whgdmugrens
hydr ogenated only with 25 considerable difficulty. Wile the oxidation
reacti orWOf024B%4&ni ¢ sul fur conpounds with hydrogen per oxi BET/HR/H1dni ¢
acid itself is well-known, it is surptising that such conplete, al npbst
guantitative, oxidation occurs in hydrocarbons containing a small anount
of organic sulfur, up to 3 1 AUG 2005 WD 02/18518 PCT/ US0O1/ 41554 10
about 1500 ppm preferably from about 200 to about 1000 ppm by reaction
with an oxidizing/extraction solution having a | ow concentration of

hydr ogen peroxi de, generally fromabout 0.5 to about 4 wt % but
preferably 0.5 to 3.5 w % or about 2 %to about 3 wt % in the presence
of a small anount of water, |ess than about 25 Wt % preferably |ess
than awdhamaizahmods! dsyelopedofremabt yxparmeatsmnireEtaptedbout 8 wt %t o about
20wt % but nost preferably fromabout. 8 ww % to about 14 5 W % The
rest of the oxidizing solutionis farmc acid. The oxidation/extraction
sol ution uw% msnowgh@regmbb@ﬁmefbytpmtﬁng tRY B3 fdudIbuyidt ih tl?éjfﬂéladgﬂmfstrtﬂémﬁﬁgé’t .
75 W %to out 92 wt % of carboxylic acid, preferably formc acid, and
pr ef efbprefereg hydrogen pewpisigtcogoentiation {rotaioxidizinglextmetingsslation eftthis infention

of - ¢ hiBF HFRR b RETafo Lo e B BFReBRRETL G &R 8IS ' om Bbout 12

51 to about 70:1 in the broadest sense, preferably from 10 about 20:1 to

about. 60: 1. This oxidizing solutionis mxed with the hydrocarbon in an
amount suchig-thahowhihesegdti Sreined byfrieiting thesregdualxadiys nthe sl agains théie

anmoun p e t a t S | .

Ul fontbech hoGRR: PROOHI AR 968 & i85 Bibile; Mg e, fn e
gr eat exidizwegieabatihg kolutionof eds afvehyel Ogﬁgltmeﬁﬂherﬁtﬁxcﬁbmo@acdevﬂﬁbﬁi fibm the -
sul fur in the %uel The reaction staichionetry requires 2 noles peroxide
for eHEWTHANE %F%‘b@e‘ﬁl}?@‘a t§ br . Thus, a stoichionetric 15 factor (StF)
10f 2 woul d require 4 noles peroxide per nole sulfur. O course, a higher
factor can be used, but it gives no practical advantage. It is a

surpri si ngFém@ shapsthaeffecdiof tovmple mbiatf fémemip a@'dé@bydxbgetrhp@oxmvehdiiﬁ@mnt
does el C su fur.so effective : S,_an

conpl B0 omé ¥ q%%o%l Th 1'1@0%}(}1 5r°6(§§ né’fgeéjsglgqn tgg da%odfal ggﬁé ‘idﬁ%‘iﬁ ed in
hydr ogeqmplerioxi de concentration in the oxidizer/extractor solution and
fuel feeds with |ow concentrations of sulfur. Those skilled in the art,
Wil .appreci ate that for proper mxing of two substanti ally inmscible

131 quids, P%a‘?léﬁl)w?lrle r?%ﬁitsto'ﬂﬁa M‘cf‘)pt% egﬁqnt W2 v EX 1 tE r%“\hé‘? sfilal éuh

vol unetric tioo to water Tor t hases ower t

" aboutin tige ﬂ.zebazgaxm;mtherfemutasuddmnad:mmttmﬁﬁt a‘lﬁxeﬂhancmmama(&%‘taﬁ) fademﬂtfgdmgxm ng
can be achi eved for exanpl e 100 ml fue 10 m of
~an adifEOtEC SBNGRS HHe %aggﬁatga\s%tﬁr%fra@ té&?%ﬁ@}% Gl?éeq%ee.l%kwelea&t enpt to.

mx in 0.5

Detailed Description of the Invention

20 The invention summarized above will be more completely described as set forth heremafter

(R

The process of this invention surprisingly OdelZCS, a!most quantjtatively, organic sulfur compounds
- when polishing commercial diesel fuel, gasoline, kerosene, and other light hydrocarbons which have
been refined, normally after a hydrogenation step ina hydrotreater. where sulfur compounds are -

reduced and removed leaving a small number of sulfur species which are hydrogenated only with

wn

con51derable dlff'culty While the oxidation reaction of organic sulfur compounds with hydrogen .
| peroxide and formic acid itself is well-known, it is surprising that such complete, almost

quantitative, oxidation occurs in hydrocarbons containing a small amount of organic sulfur, up to



to |l m of an aqueous solution (corresponding to a high concentratlon
peroxi de case) with 100 M of a fuel. If the process required h Q&é%5
per oxi de concentrations to work efficiently, as for some 3 1 AUG 2

02/ 18518VPEHIY¥I1/ 41554 ii prior art processes, this conHF?ﬂﬁﬂ”ﬁ6?‘the
volunetric ratio would result in ver?’large anounts of peroxide at the
end of the oxidation process not being used to oxidize the sulfur and

t hus avail abl e to deconpose by side reactions. Such solutions woul d need
to be recycled to increase the peroxide wutilization. Before recycle,
wat er woul d need to be renoved to nmaintain a nmass bal ance, and any
further handling of unstable and unpredictable and unsafe peroxide
solutions would be inpractical. Dealing with such problenms woul d be
futi| eabduen: SOOMppme dorefetdblyt HRnPraout CGI0I ty abbgk Ne0efpgs, o tréRtioPrwite s
of the present Inventjgn. In preparing the oxidizing solution, hydrogen
per oxi ALz etrachonsalufign has,vn@gpdpw&sn@ﬂfrﬁtlora%ﬁbééi%e%mrexnd@rgcnatally om about

conceng 54 %4Wt 8%y %ﬁ?@rab?fgo\ytto E{t%ép% a%’oWéetrg aRbur® A) in tﬁ(enéi Wt Do A0

formc aci i'¢h "8l sof has about r esi ent wa presen aci
i s -noraahdlyaramait bawher, |1<ﬂ;s thaf Gbont 2%0vaCh,brefembity landhari dheuei@we%, vattpeefetadly
introduced into the s m when _t he r%élct ant s m xed. On occasion

t her e 'Héyfapge ‘Pf“lah?‘& ‘g't ojte) ABQ1 P B 7t weet 08 OS! Rrﬁfgr@%f’%ab@}é%wﬁ F(bi?g’lk?"l“tml s
of capsidenghts of M fx‘?tﬁim% @olhh gﬁﬁﬁé%&a‘ ﬂﬁ@x?&a‘ﬂ@ﬁ/e?%&&'io% doMHRANsORin ©

mnimze the anpbunt o and storin concentrati ons
of - hydhogmtlpmﬁjhlsdevansos m]@;pmamafrcsmﬁmw Thaz &6 tb abrmua915t Pebf mquylxh atid,

t he pref d commer.ci al,| bl e concentrati woul db % .

bor o IR T GH SCib Rt PHITERYY BOH R PO ot ot S b B ftio of
er oxi i t I i

Col 1R ﬁ‘é‘ﬁ?ﬁ"@@%g?ﬁa@ R ghe PSR TE mebiab I S Bt *9‘“’3?’,':@9 st lgest

a det abbed] Ui stdsgireferably pomafaboutel® @ndebiurgOtisinahe bivagdest semese; pr@fﬁ,rably?tﬁotrt

w || be understood fhat this detailed di.scussion for points of exanple
Bhiy 256t 4151 1 %boghém T hisexigiepegediiands paxed wéaiheivﬂ@ﬁwnm%ﬁow sgfﬁ\/
ot her r

nacndTEhE LEPULARRIC ) 55 2L ape s S BERRESH MR et

t ur ni mepct @vxt}héxepnmes:sa sulfdme, mfa‘rmlycfmm abanit 2gtofabehit #sthants mdsagehhttmmeungh

line 10. If diesel fuel is _the feed, r exanple, the_ curren :
r ef i nSFSAIGhRTE? ebepb@érmplfép f@fda%ﬁfetpefpa%c?eafomahm# ofifulfiv I%H}ﬁfé?ft Th¢ raggfien

ppm. B&R@r%m%éy {ﬂ%ﬂ%‘ QW&?@*‘S%%‘S@"& Wé*ﬁg&?rlen?é&ﬁf?ﬁ' EI'h‘i“x% d Qgicﬁx%‘f‘emc

that this all e max| nu rastical |y reduced. However,
I5ower ambxf(ﬁrtF)l dfgivauld requive 4fmuets p rekitg per matestlfehoOf counse, aéxmeefacaaln kcyn be

change t successf ul ctice of this invention. The feed enters through
line féegﬁ?am.grveﬁéam%aﬁ airreo8e1 8518 |

Itis a sprprising and important discovery that the process of this invention does remove
organic sulfurso effectively (i.e., at highrates and complete oxidation with low peroxide excess loss)
20 giventhe low hydrogen peroxide concentration in the ox1dxzer/extractor solunon and fuel feeds with |
low concentrations of sulfur. Those skilled in the art will appreciate that for proper mixing of two .
substantially immiscible liquids, the fuel oil and' the aqueous oxidizer-extractor solution, the -
volumetﬁc ratio of oil to water for the two phases sho‘uld be lower than about 10:1 or, on the outside
about 20:1. That means that adequate mixing can be' achieved for example by mixing 100 ml fuel
25  with 5 - 10 mlofan aqueous solution, but it wo'uld be extremely inefficient to attempt to'mix in 0.5
to 1 ml of an aqueous solution (corresponding to a high concentration peroxide casé) with 100 ml’

.of a fuel. If the process required higher peroxide concentrations to work efficiently, as for some -



12 31 AUG 2005 PCT/ USOL/ 41554 passes through heat exchanger 123 wisngsi t
is brought to a tenperature slightly above the desired reactlon

t enper atWiPd2/18518 t he feed conmes froma storage tank it mayPGREEN{HBSHe
heated, but if it conmes from anothe¥ dperation in the refinery it may be
hot enough to be used as it is or even cooled. In the practice of this

i nvention the oxidation and extraction is carried out at a tenperature of
fromabout 50C to about 130C, preferably from about 65C to about 110C,
and nost preferably fromabout 5 90C to about 105 C. The feed is heated
to a higher tenperature so that, after passing through line 14 into line
16, where it is mxed with the oxidizing solution, the resulting reaction
m Xt upaonitt prasesses, dbiarcotdition fod thhi -m‘urhﬁ"ic eatit mmdtresmerrawry éargcﬁﬂmeunta' be

hydr o en roxi de ers he m xin 18thro h lin ere

j oi ne F‘ﬁ a?ﬁxg gh§t°|x PP PICHSY ‘PEESWP&" %‘bthESP &‘IlFtbll
conbi n@&’ec’oﬂ:pbéeﬂ% 51&* fédaétfbn'fs hgudieahffbnk aRdidiegtd %e%?b’ %hnér’e% tﬁélperoxxde
Recovered acid nmay al so be 10 added to the m xing 18 f.or reuse. The:
f eed anbization. Bzfodé richejeswatenmoelitreed tebe teproved tmmreamhen@ssmdamp@mnaaw ‘
extraction urs all.y within,about 5.to ab ut .15 m nu scont ,
Co. saf FrUABTERNE §f WSl A RBrhhlE ISR PSP CeAmutiOm ol PGPt ienL
gxi di b%glxﬁ@mma errlé?ﬁ@ WhSld ol Bltile WB@n& g&@a witesh a@cmmﬁn@%eﬁémwtﬁ@t
agitation 15 of the fuel and oxidizing/extracting solutlon shoul d cause
good processopftie peeut invartioras with in-line mxers or stirred reactors,

for exanple, operated in series. It-is preferable that the contact
residence tine be from about 5to 7 mnutes, with no nore than about 15
m nut es bej d e R r

ot ochi omet £} rep ARt HRCol Bl B nyGRT R et BErRRPE avattble in
when @@Jdoﬁ@kdl@tlcﬁasfdﬂ%bné‘dﬁ&hﬁbrm S0 @vved, 88l s% 50 il Folihd WO U 6s inicddobitias
a commercial diesel fuel. 20 Greater times may be enpl oyed Wi t hout

18epar farmde md)whtch@l@dupeb@ft 4 resident/ waiet mqserparFDWm aid i nm@nlly Peppleple in
concen rat| ns. of for ac used act ar th| t

are a® ?gl’l % 454 grég%?ﬁ%‘&qufog?lvyﬁgdls ‘838‘?‘5?@ "ﬂt }‘?ﬁ)sys eln é‘f C?én ral%e)s'
Cof 2 gifixcd. r@p6deasisn bk fb%éh%tx%ﬁzsml éﬁﬂmg‘"@h‘t'eﬁltopﬂh@\éyﬂ@npm@ﬁihdﬂgﬁlltﬁg off

t he oxi di zi ng sol ution vvl%,h t he hydrocarbon are known to the skilled

engi n@@ﬁldambImatprdsexmbewcczﬁfﬂfopenatmhef hionmentivndo oxnigize bh@ ameaet ¢fovater,
occur he ul fur anlc conpounds econe

ot o BAPE o EaRE e FeienRlRR AT SRETERGST R i o et Ao fpuPuif oh
197 3lrefbery20Rhe YR O I BeR fally 9Pl felcondentration would be the 35 % peroxide solution

even though technically, any source of hydrogen peroxide would be satisfactory as long as the

ultimate oxidi«ing solution criteria detailed herein is followed.

- Tumning now to Fig. 1 for a detailed discussion of preferred embodiments of this invention,
20 - it will be understood that this'detailed discussion is for points of example only and that it should not

- betaken to be a dedication or waiver of any other modifications or alterations of the process which
remain insubstantially different from that as described here or claimed. Now turning to the process,

the sulfur-containing fuel is introduced through line 10. If diesel fuel is the feed, for example, the _
current refinery-grade diesel fuel product has a maximum sulfur content of 500 ppm. Recent

pronouncements from environmental authorities indicate that this allowable maximum is going to

B8]
w

bedrastically reduced. However, lower sulfur Jimits in the fuels being treated should not appreciably

change the'succes_sful practice of this invention. The feed enters through line 10 and, if required, -



13 aqueous solution and, thus, the solution not only causes the oxidation
of the sulfur conpounds in the hydrocarbon fuel, but serves tD|eyfngst a
substant @ ﬁgrt of these oxidized materials fromthe hydrocarbon_ hase
into t he"ox? ng sol ution aqueous phase. The reaction pF&diEY1Feaves
the oxidation reactor 24 through lirdé 26 as a hot two- phase m xture and
proceeds to a settling tank 28 where the phases are allowed to separate
wi th the hydrocarbon fuel phase having | owered sulfur 5 content |eaving

t he separator 28 through Iine 30. It is further heated in heat exchanger
32 and conveyed by line 34 to a flash drum 36 where the fuel is flashed
to separate residual acid and water. An azeotropic solution of water and
formc acid exits flash drum 36 through |ine 39 to be recycled and
beconpaas thréifgh td%ﬁr %ngbgerrsg FALAGH RbrsugdhBbPa Hin atméglf;?tl% et desired
Alternatlvely, the water  and aC|d may require roce55|ng
shownyeachootegipermtutesifithe feil oomss ﬁpm aStmpge: tanloiy imay nietd tode htethdanifit comes

oo okior Sekte prera RS ARG 1 iy R heheag ea%tbéé‘z%%cz%x?éiog's%weleph@the
added gpa%neéaﬁmefnm\abﬂ%@oﬂaﬁrbﬁraﬂ%&{@&fomgc&ﬁe@emt%g ft?‘fm%rﬁ m@éwﬁed-
th s the rum .

oxl dat1on reaction e fuel product exit _
t hr ougb°¢ tobodBl 3, pmferahlqvﬂ“orm bt §5° A to dbsutbidl°ey andLEnostrpréfeablyém@ﬁcger
40 for subsequent filter] or treatiment in holding tank 41 to éfnnve any

Pesi dg&fC %’tb@Pt 10, T}kﬁrfe% ’éé‘éa@@ﬂof%@%gﬁ?mﬁ?fa%“m that AHSr PREHRS Ct“ﬂﬁﬂm%lr e
subj e¢l mttc? ln #Gt (N%TE{ ns';rﬁ %th t%}%@zﬁ (?Ihhﬁn Q{ije l%?llll@ g{? %xﬂﬁxxﬁﬁx ?c

added’'to uel roug |ne neu |ze

resi dgedn arbdwithin thé Qeécrn@ﬁtt@ﬁpérﬂ@l'e ra Wgé I Eh@mwrsgant;ﬁéabﬂdéraitarsltﬁd miAthxthlhnk
woul d neutralize the acid gﬁ be use use of dry cal ci um oxi de
(qui ck8 threyehienel 20 where dtris joinediwiththerasid sesamn 2l tosfoimd thoaridizmasolutian avkieh

angl riscenoed e 5AaN 6 eRe SaR SREne Xt Re BB T AR ket B ve

10ennvgkm9ﬁthQ§ﬁhl LRk 1 RitbAlefse. Of resi dual oxidized sul fur conpounds by
seeding and filtration. Only a snmall anount is needed and can be easily

determ ned by the skilled engi neer froman analysis of the fuel in the

hyd b Kl S, t h f dt
et rar 1 2ol ORCRg e igif Hhr Al restioh LA Bte P B By Sciefopeeurs,
dryi nghailP&ithin@boatoapbutd 5%h§!eb'ﬁﬂr§é’dttt§ szﬁﬁ?&'ﬁorﬂ?%hd‘ii&ﬁé dreftlic Mﬂﬁﬁ Slesdr

whi ch can” be any appropriate solids-liquids separator. Fromt
post -dmdeatmetnbe exddwel cd@potinds ffame Ithepizeld d&e reactarsiesiign chmild bé mhzﬂl&t agitadion

LT a8 ARl L e e, Seydfon and, L ngl L <o, el L0, el g
mixers or stirred reactors, for example, operated in series. It is preferable th;at‘t'he contact residence
time be ffom about 5 to 7 minutes, with no more thah about 15 minutes being required for complete
conversion with the proper stochiometric factor and concentration within the oxidation solution
when polishiﬁg a fuel containing low Ievels.ofsulfur compounds; such as a commercial diesel fuel.

20 Greater times may be employed without deparﬁng from the scope of this invention, particularly when
lower concentrations of formié acid are used. Suitable reactors for this step are a series of -
continuous stirred reactors (CSTR), preferably a series of 2 or 3 reactors. Other reactors which
would provide prdper mixing of the oxidizing solution with the hydrocarbon are known to the skilled

engineer and may be used.

After the exothermic oxidation reaction occurs, the oxidized sulfur organic compounds -

become soluble in the oxidizing solution to the extent of their solubility in the hydrocarbon or -



many ways known in the art, the foregoing is satisfactory for Zhays 2005
practice of this invention. Any solids present exit post treatnent
vessel 4YQQR18UEh |ine 43 for appropriate use or di sposal PCTHE01/HEHai | s
of such an operation would be well-kddwn to the process engineer. The
aqueous oxi dation/extraction solution now carrying the oxidized sul fur
conpounds is 5 renoved fromthe separation vessel 28 through [ine 50,
where it is preferably mxed with a hot gasoil from stream 51 and
conveyed through line 54 through a flash distillation vessel 56 to strip
the acid and water fromthe oxidized sul fur conpounds, nostly in the
formof sulfones, which are transferred by solubilities or fine
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di spersion there si nce t'he -envi ronment, 20 wi t hi n, whi Eh t.he
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to.enhance the flashing step in flash tank . course, those ski'l Ied
in théUEQQCS\fPMedrIEc@gmxz@tlpha@a@lfmthe terrperature is too high, the*
aqueous rmaterials could prematurely flash and, therefore, there nmust be a
bal anci ng of tenperature and pressure at this point. It is an advantage,
however, tMak fe¢lgpRoducs lekiRathedash drine 36 steduglolinad$ end, e sttwit @Fderiatsuoeledf
the materlal and thergﬁ%} enhance t he se arat|on i.n flash tank -56. Th ggs
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distillation tank 56 exits through |ine”s59 and thence 1nto azeotropic
col umdoBe cawvstieros ctlteimatx gie may tteadddnd m‘mecﬁumm&rea@ tie dughentdr heldgy, taindll tohe
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acid may be used, use of dry calcium oxide (quicklime) would not only neutralize residual acid, but

20 . would also serve to dehydrate the fuel as can easily be determined by a skilled engineer. The
~ presence of the solid calcxum oxide provides facile removal oflatent precipitates of residual oxidized -

sutfur compounds by seeding and filtration. Only a small amount is needed and can be easily

determined _by the skilled engineer from an analysis of the fuel in the hydrocarbon phase. Use of_
quicklimeis techniballypreferred to neutralization by washing with caustic solution followed by salt )

25 | drying. The fuel and solid calcium salts enter p(')st.treatment vessel 42 which can be any appropriatg
’ solids-liquids separator. From the post-treatment vessel 42, the fuel product exits through line 46

- to storage tank 48. While the dehydration and final cleaning of the fuel can be acéomplished in



to the mxing vessel 18 for reuse. In the event the formc aciﬂ1 h@
39 requires additional separation fromwater, it too can be i tr‘W@J d

i nto di sWl4288318n col um 60 along with the overhead 5 stPEHRWSIMIFINe 59.
As one way of treating the sulfur-cohtaining conpounds, Fig. | shows such
conpounds | eaving vessel 56 through line 58 with the gasoil, when used,
for further disposal into a coker (for exanple). Another disposal schene
is to transfer and incorporate the sulfones into hot asphalt 10 streans.
Another way is to distill off nost of the acid and water for recycle,

| eaving at the bottom a nore concentrated sul fone sol ution which can be
chilled to precipitate and recover the solid sulfones by filtration.

Q her ways of acceptable disposal will be apparent to those skilled in
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sul fone oxidation reaction product.  Stream 46 exifing the
neutralization-dehydr. at| on and filtering vessel 42 may still contain
sonme oxi di e
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acetonitrile, dimethylsulfoxide, furans, chlorinated hydrocarbons as wel |
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way to achieve substantially conplete renoval of resi dual oxidized

sul f unifgoffipoutdsfukbdodsern ciiasrawgice dazardoisr sty stream ey cbffiyaéts@wmsat hilse -
inventj e neu .zed. drye e :
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~usged in nultiple adsorption-désorption cycles wthout significant |oss of.
acti \ﬂlxt:t;»gt thattit reod¢sirable that all of the sulfur compounds accompanying the aqueous stream be
brqught into the gasoil stream either by solution or dispersion therein. Also, since the environment
20 . within which the instant process is to be practiced will normally have streams of a gasoil at elevated
temperature , '%ubh elevated temperature material can be used to enhance the flashing step in flash
tank 56. Ofbo‘urse, those skilled in the art will recognize that if the temperature is too high, the’
* - aqueous materials could prematurely flash and, therefore, there must be a balancing of temperature
- : and pressure at this poinf. It is an advantage, ﬁowever, that such a stream could be used to raise the

25 - temperature of the material and thereby enhance the separation in flash tank 56. These are

parameters that are familiar to the skilled engineer.



inportantly without the need to reactivate by high tenperaturd 1tAalltfent,
such as calcination, which is conventionally enployed in sone industri al
practi ce¥OBgdi8i ng t he use of activated alum na. Wien sBETASO1/H1SS
breakt hrough into the outl et stream & the colum occurs at the sel ected
concentration 10 value in stream 74, stream46 is diverted to a second
colum 72 operating in parallel. Colum 70 is now ready for the
desorption cycle to renove the adsorbed oxidized sulfur, and regenerate
the columm for use again in the next adsorption cycle. The breakthrough
concentration could be considered to be any sul fur concentration
acceptable to the market, for exanple from30 15 to about 40 ppm sul fur.
The occurrence of a breakthrough i s dependant on the volunme of feed and
di mensi on ofhadnerkest atrerm Ebmtthe/Bash distibletion tapk 66 e:htnethmgk ling59 ad thehdetito

t he abj | i
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course, CO?%{tIOHS may be used as convenien orpﬁlon cycl e
in cobUﬁnnﬂmhstéﬁts by draining the fuel fromthe colum 70 at the end
of the adsorption cycle. The colum 70 is washed with a lighter
hydrocarbon stream such 25 as, for exanpl e, a light naphtha, to displace.
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bed vol ume of naphtha is sufficient for this purpose. Steamor hot gas is

passedeaving vseH Sorbroush liny 5§ withgheigased, when used, foaStnties dispdsal énto a coker (for .
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flow through the bed, while preventing flashing o t hanol through the
bed. This extraction can be achieved efficiently by eitherco-current, or
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Part of the nmethanol extract can be recycl ed the columm to provide
ISuf fi ol eist | presiudeheeed asiimEig & fercionesigerteghiesy Itlfednel ic oPrs eminatad witls thieplaves d
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“has beentigeperdrcnSdeirhadt eabmlgtth@mttbﬁdatml-dmi@dmhon and filtering vessel 42 may still
" contain some oxidized sulfur compounds dissolved in the fuel. The presence of aresidual oxidized
sulfur level in the hydrocarbon indicates that an ecllu'ili_bn'um solubility of these compounds exists in
20 both the fuel oil and the aqueous acidic phase.' This residual oxidized sulfur compound in the treated
fuel can be removed by known liquid-liquid extraction techniques with suitable polar solvents such

as, for exarﬁple, mc;tha,nol, acetontitrile, dimethylsulfdxide, furans, chlorinated hydrocarbons as well . o
as with additional volumes of the aqueous acidic compositions of this invention. However, the
solvent extraction approach for achie\ring low sulfur limits abproaching zero Is quite cumbersome,

25 ineffective, impractical and expensive, especiaily when applied to fuel with such low starting sulfur

~ contents which result from the initial oxidation/extraction step in the practice of this invention.



" subst antYI%43HYésorb all the sul fones

met hanol will extract about 95% of the total sulfone adsorbed SWAMGQWS
alum na. One or two additional bed volunes of nethanol be use

) al though this is n8¥Tﬂﬁgﬁé%§hry
for the cyclical process with the reé@neratlon procedure taught in the
practice of this invention. Before switching to the adsorption cycle,
the nmethanol is drained off the colum, clean. 15 nethanol is passed
through to ensure renoval of the trapped nethanol extract. It is
preferably allowed to flash through the colum by reducing the back
pressure, and then the remaining nethanol wetting the solid bed is
driven off by steamor hot gas stripping. The colum is now ready to be
returned to the adsorption cycle without significant loss in 20 its
adsor pti on @Pﬂmgéhéweféﬁmve\mdrm@twtahwam@dhnem mamnxdatoemmetbyemnvgmfthe

tenpe n r .chem cal |y bound
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met hanol * transfers the oxidized sul fur conpounds, e.g., sulfones, into
the gasoil at the bottomstream 84 for their further disposition such

as, for exaqmhe 70ifhdw fea@Pbine dR864HHBH e;mé @ rEnBve the 2d R0 AVAEALS AXLEBRd ON-
naterlal nom1carry|n? the oxidized sulfur is 10 renoved fromthe
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streaniedomtenet.fl ash distillation tank 56 exits t hrough line .

The adsorption-desorption operations can be carried out in packed bed columns, circulating

0 countercurrent fluidized alumina, mixer-settler combinations, and the like, as known to the skilled

)5

engineer. The adsorption éycle can be accomplished at ambient temperature, and at pressures to
ensure reasonable flow rates threugh the packed column. Of course, other conditions may be used
as convenient. ‘“I;he desorption cycle in column 70 starts by draining the fuel from the column 70 at
the end of the adsorption cycle. The column 70 is washed with a lighter hydrecarbon stream such
as, for example, a light naphtha, to displace réfnainihg fuel wetting the solid adsorbent surfaces.
Usually about one bed volume of naphtha is sufficient for this purpose. Steam or hot gas is passed ’

through the column 70 1o drive off the naphtha and to substantially dry the bed. The recovered fuel,



15 59 and thence into azeotropic distillation colum 60, where the water
is taken off overhead through 1line 64, and the recovered formZi ab[ﬁ @05

cont ai ni ogre residual water is recycl ed through line 62 coded in
exchange 18Y8ck to the mixing vess ? 18 for reuse. ThePGUEPHEF n
stream 39 coul d also be directed to'the azeotropic distillation colum

60 to make a further separation of the formc acid if desired. 20 There
are many nodifications avail able on the above descri bed process,
particularly after the separation of the oxidation/extraction solution
containing the extract oxidized sulfur conpounds, wusually in the form of
sul fones, fromthe treated hydrocarbon fuel. This treated fuel may have a
sul fur concentration after the oxidation-extraction step of this

inven I t f
compoce Gk b A it 18R e BAM el r I VAR MU AE B e
ori gi nedovawtleri al . The sulfur may be totally oxidized, but the resulting
oxi.di zed speci es may have "a non-zero, variable squbiIity in the fuel
and, therefore' not be totally extracted into the oxidizing 3 1 AUG 2005
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effectively on the exact sulfur species, 1i.e., substituted,, sterically
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content of fuels, such as diesel fuel, to.,10 to 15 ppm or |ess,
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wetting the solid bed is driven cff by steam or hot gas stripping.

The column is now ready to be retumed to the adsorption cycle without significant loss in -
20 its adsorption efficiency and without the need tol reactivate it by high temperature t.reatmem. Any -
amount of water themically bound on the alumina as a result of the procedures in this invention do |
not have a negative effect on the adsorption/desorption cyclié operation. Chemically bound water
on alumina would otherwise disqualify it as an activated alumina adsorber. The final treated fuetl_ '
oil product exits in stream 74 to product tank 48 with typically residual sulfur levels of less than
25 about 10 ppm, approaching zero. The actual low level of residual sulfur can be decided by
preseiecting the breakthrough point of columns 70 and 72 taking into account cost considerations.

Fewer bed volumes of feed through coiumns 70 and 72 during the adsorption portion of the cycle



The foregoing exciting results are further denonstrated by the3floAUbc8iing
exanpl es,. whi ch are offered for purposes of illustration ofthe practice
of this PMRSMEh and for the understanding; not for thePCTHSPHEISH

t hereof . 20 Exanples Unless otherw d8 stated, the foll owi ng gener aj
experinmental procedure applies to all of the exanples. The feed is a

sul fur-containing liquid hydrocarbon. Different feeds tested in these
non- limting exanples were: 25 a. Kerosene (specific gravity 0.800)

spi ked with di benzot hi ophene (DBT) to yield approximately 500 ng sul fur
per kilogramb. Diesel fuel (specific gravity 0,8052) containing 400 ppm
(i.e., ng/kg) total sulfur 3 1 AUG 2005 WD 02/18518 PCT/ US01/ 41554 20 c.
Di esel fuel (specific gravity 0.8052) spiked with DBT to yield,

appr oxVHhpemRlly 1588t plomier silir eqpcenifatigns in the epdigeodupt Thpetidetien gf suifury
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of hepadiddane wi th 300 grans of phenyl hexane and dissolving into it I1
nodel sul fur conpounds to yield a feed with about 1,000 ppmtotal sulfur

and 6 nonsul fur- containing conpounds to test their stability versus
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el ectrical heating mantle, addition port, at a back pressure of about %

inch water. The oxidizer-extractor solution prepared at roomtenperature
was then a d and the reaction initiated. 15 The tenperature draqgp .
after additRORTHTE (i Jofth FOROW PHURITE TPERdEDE RIBLE bR L e AHathe
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desired operating tenperature., The actual tenperature varied by about
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the hot gasoil and removed from the flash tank 56 through line 58 for ultimate treatment or disposal - -

into a coker, for example. The overhead stream from the flash distillation tank 56 exits through line

15 59 and thence into azebtropic distillation column 60, where the water is taken off overhead through
line 64, and the recovered formic acid centaining some residual water is recycled through line 62,

cocled in exchanger 52, back to the mixing vessel 18 for reuse. The overhead in stream 39 could

also be directed to the azeotropic distillation column 60 to make a further separation of the formic

acid if desired.

20
| There are many modifications available on the above described process, particularly afterthe -
separation of the oxidation/extréctior; solution co‘mahining the extract oxidized §ulfu_r compounds,
usually in the form of sulfones, from the treated hydrocarbon fuel. This treated fuei may have a’
sulfur concentration after the oxidation-extraction step of this invention of from about 120 to about
25 150 ppm in oxidized sulfur compounds depending upon the sulfur species that are present in the

original material. The sulfur may be totally oxidized, but the resulting oxidized species may have-

a non-zero, variable solubility in the fuel and, therefore, not be totally extracted into the oxidizing -



needed, in exanples using the higher sulfur feed.. In general, ﬁtAU%ﬂWS
about three m nutes for the 20 tenperature to rlse to the_ o Qerat

t enper at WOP24PE 8, addition of oxidizipg-extractor sol utiofk§ ﬂ§°yﬁ@”‘tests
operated at, 95C. Phase separation o¢turred and sanpl es were taken from

t he oil phase at different tinme intervals of about 15 mnutes and 1.5
hours after allowing the two |iquid phases to disengage for from about 2
to about 10 m nutes. 25 The oxi di zer-extractor conpositions in the
preferred enbodi nent of this invention were prepared at roomtenperature
by the procedure of adding: hydrogen peroxide to formc acid reagent

(96% by wt. formc acid) in a beaker. The nmeasured anount of 30 wt %

hydr Ogﬂﬂu‘ﬁlﬁf Cﬁﬂbdﬁtu‘iﬁistnﬁ)pheﬁé@sﬁﬁg5amaf}a/@‘?@z&:?@;,/ M&?&t&kﬁ&ﬂmpﬁém@d»d% '

and nlxeg Qto the fomc acid. Then, a neasured anount of water, if
appl i c8BFE? W&L“raa’d’é‘?j“g%fﬂ!dlsrﬁtnﬁéﬂttchﬂlq%h%ﬁ%BEF?q‘@Puﬂé%asﬂéWeﬁ6‘?0"19%611 |
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to evaluate the effect of the hydrogen peroxide s act or
(StF), l'tvs'rur@g descpeedyabdee oo rmuenaqrvantagm)us emcfefr@d rtﬁmnamedmromvmmneo alkgh

oxi dat | tract n of sul fur.,fr I 0Sen s i ked

o oy BPRGR eI AR troftar ! Tk BPLe FEORRAT PPt or it huventionavben
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the. oxidizer-extractor conposition surprisingly dlscovered to provide

| ow cosantansmpgratesst reldiyelihesign| tempareiuiss sedpressurdss and mdwmt@mxyelwnmppmge

the water,_content of. the utlonvva | scaver d t

mpor st ARt Sfo ot ifiearuRRoniiet T AhrerBuily R ERER P g,
and dieep%ﬂgﬁlt@t@d tsh&tc\éﬂ& HRRlefRRRNzRIophdiRs GV HIEN ard?k ATERT &5 &dueréwseveh bévere
total volunme of the aqueous sol ution used to treat the fuel depends on

StF, hydraggestiqecanditibsms and ateotemm aamlaulemmmtmhducwt duels ahigvelhef aditdd less
rog er oxj{ de anmun turn, ont total anmpunt of sul fur -
4t e BE e lagery Bt o0 3bRr Hhip e “‘reBERIPtP&C‘f et SRS MO
St ol CAIELdrEn (REIA, sl le%tbgftrem&to PbifIy 180Gne bR Eoftilsdnvention is
concentrations are shown 1n Table 1. lzer ext actant sol ution

used ivert benefies, if netrrecpaseryaréds b}pamcxlarlg saﬁ)ﬁ/wa:q,uefmhs cbmﬁm@amvpelsomt thav -
W th fornlc aci d (avai ]l able as 96 % i.n grtlons as set forth in
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The foregoing exciting results are further demonstrated by the following exah‘tples, which
are offered for purposes of illustration of the practice of this invention and for the understanding; not”

for the limitation thereof,

Examples E :
Unless otherwise stated, the following general experimental procedure applies to all of the '

examples. The feed is a sulfur-containing liquid hydrocarbon. Different feeds tested in these non-
~ limiting examples were:

25 a.  Kerosene (specific gravity 0. 800) spiked with dibenzothiophene (DBT) to yield
- approximately 500 mg sulfur per kllogram |
b. = Diesel fuel (specific gravity 0.8052) containing 400 ppm (i.e., mg/kg) total sulfur
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i

reaction. Additional sanples taken at later tine intervals, ip é ?ﬂﬂ
hours, showed by analysis that |I|ittle change occurs after the IA Q ‘rS
m nut es 52005 10 15 20 25 WO 02/18518 . 22 Table 1y 1554
Sanpl e t‘géé)%ﬁg? 15 minutes @95C set ,§enperature OrderSi ftg%gg?ﬁfcl
Wat er 30% Form c Acid WaterTot. Vol . %5 AcidH. O (96% Oxi di zed w %m %
%imM [2.02.072.026. 00, 515, 211. 567. 2844. 7

21.01. 057.641. 40. 254.173. 117.5310.8 31.0 '1.086.412. 60. 256. 260. 577. 0841. 8
41.01.057.641.40.25 .4.173,117.5315.5 51. 03. 057. 639. 40. 251. 390. 852. 4924. 8
63. 01. 057. 641. 40. 7612, 529. 3322. 6125. 0 72. 02. 072. 026. 00. 515, 211. 567. 2856. 5
81. 03. 086. 410. 60. 252. 090. 002. 3441. 1 93.01. 086.412. 60. 7618. 771. 7021. 2393. 3
101. 03. 057. 639. 40. 251. 390. 852. 4933.

113. 01. 086412, Qje gl fspfcxﬁgglavggg);ﬁoﬁ) spiked with DBT to yield approxxmately? 000

33, 01, 057, 641, HOP7RTS SBBY 3322, 6158 0
1142, 02. 072d026.-00crnd® oid {8pebiiit. g2841.009402), with 0.7 wt% S, diluted by ¥4 its volume with
kerosene L
e. - Synthetic diesel fuel (specific gravity 0.7979) made by mixing 700 grams of :
5 hexadecane with 300 grams of phenylhexane and dissolving into it 11 rﬁodel sulfur
. compounds to yield a feed with about 1,000 ppm total sulfur and 6 nonsulfur-

containing compounds to test their stability versus oxidation

Each different batch of feed was analyzed by gas chromatography/mass spectroscopy -
10 (GC/MS). The oxidized fuel products were analyzed by the same technique, and the results were
~ reported relative to the feed compositions. In general, 100 m! of feed was preﬁeated to about 100°
. 10105°Cin a glass reactor equipped with: a mechanical stirrer, refluxing condenser, thermecouple
thermostated electncal heating mantle, addition port, at a back pressure of about %2 inch water. The
oxxd:zer-extractor solution prepared at room temperature was then added and the reaction initiated.
IS The temperature dropped after addition of this solution with the drop dependant upon the amount -
added. Withina short time the temperature in the reactor reached the desired operating temperature.
The actual temperature varied by about +/- 3°C from the desired set operating temperature of about
95°C. Sulfur oxidation is an exothermic reaction, and the heating rate was adjusted manually, as
needed, in ekamples using the higher sulfur feed. In general, it took about three minutes for the
20 temperature to rise to the operating temperatux.-e after addition of oxidizing-extractor solutions in the
_ tests operated at 95°C, Phase separation occurred and samples were taken from the oil phase at )
different time intervals of about 15 minutes end 1.5 hours after allowing the two liquid phases to -

disengage for from about 2 to about 10 minutes.

The oxidizer-extractor compositions in the preferred embodiment of this invention were
prepared at room temperature by the procedure of adding: hydrogen peroxide to formic acid reagent -

(96% by wt. formic acid) in a beaker. The measured amount of 30 wt% hydrogen peroxide was



153. 03. 057. 639. 40. 764. 172. 547. 4750. 6 163. 03, 086. 410. 60. 766. 2603 006ARB1. 6
171. 03. 086. 410. 60. 252. 090. 002. 3446. 1 _

| S3. 03. OB IBEGIN0. 76. 4. 172. 547. 4728. 2 PCT/USO1H41554

| 93. 03. 086. 410. 60. 766. 260. 007. 0294. 92¥0| '
.02.072. 026. 00. 515, 211. 567. 2848. 5 The experinental results of Table I

were used to prepare a predictability nodel of the sulfur

oxi dation-extraction process in the relatively narrow preferred range for

the key paraneters. It has been determ ned that the foll ow ng nodel can

be used to project the residual un-oxidized sulfur in 31 AUG 2005 WO

02/ 18518 PCT/ USOL/ 41554 23 the oil phase when the sulfur is present as

the | eddedraeantikadinkBTe feliienaal Thenhengsuryd mn%u&%[f'd?a@e% fﬁfﬁlcam@ @a‘é[aﬁaéﬂ
[FA] -4, 81[FA] - 183.97[8202] + 127.11[ StF] + 843.42 ere: i's

resi dendl mixeddki Fhesampgsition was reasy foi vsepyigdn thret to Ypmirutesl kg) . 5 [H2021
is the concentration of hydrogen peroxide in the oxidizer-extractor

conposition in weight percent. [FA] is.the concentration of fornmic acid
in thexoxmpli zer-extractor conposition in weight percent. The percent

sul fur oxidation relative to the feed's 500 ppm sul fur can be cal cul ated
10 from t ha sitigsed tdstsvasalld cane:evil(ate the adfect afithe hydtOgenpefoxi @BMidl @hetry
hus, . for = 30 X .S 94% oxj.dat i For Y. = 8 m X is 98.4%
ul f ufRCiek (g Mrgé)%‘l REGO¥ IS c%@gframla\gg&owl&ﬁqq..gow 3@‘1"”%?1‘% gxngtthrh?rgd

ex a”péx‘%pac&&?of s‘%ﬁﬂllr Rk &oRls Fa?(@d At Béhzotio thle 1 ér@ﬁ ted rHATBASIAR Sdut

that for good kinetics and sulfur oxidation e concentration of
15 f o¥(f pzpnamtd shifue. The ieni teswiep delrlmnamm rbl1te prfefamtlem)gel of thesk @yranseans fdrithe
parangter. can be readily seen, as,the conceptratlon of fotg%c .

of

It
aci d THUPEAERCIHEOTBRISHAT SHPSEINERe désﬁPYfiEFd tRPOX s Q£ { ROV P
oxi dapdybieshbimR Gt dtic Qﬁfﬁ%o%’%ﬁﬂ&amlﬂmtﬂeQ@atétcoﬁtéﬁgﬁf e dxiditifg sAu§&PW§s :

that oxidation is relatively 1nsensitive to the concentration of hydrogen
1Per oxdx@lwveﬁc torbet impostanpohe ivohenen f the loxpdizereeximacton composithtreis \(anable aid gh

o g RSB e T e R SR b o

(i.e. soldt@\mrse@cd HeRORE R ASidn@NE) StEB lmlyawgemsa@atdemdIf@@rﬂleasxa&ometnhanons

i ncreasi ng hydrogen peroxi de
. and the totdl hydrogen peroxide amount depends, in turn, on the totai amount of sulfur in the fuel

feed and the StF.

15
| - The results for several values for the stoichiometric factor (StF), hydrogen peroxide, and -
formic acid concentrations are shown in Table 1. The oxidizer/extractant solution used in the tes! ‘
were prepared by mixing 30% aqueous hydrogen peroxide with formic acid (available as 96 wt%)
in proportions as set forth in Table 1. The water weight percent concentration is obtained by
20 difference. The kerosene was heated to 95°C., and the amount of solution was added to give the

target StF. Samples were taken at 15 minutes after addition of these compositions to initiate the -
reaction. Additional samples taken at later time intervals, up to 1.5 hours, showed by analysis that °

little change occurs after the first 15 minutes. '



concentrations, clearly a disadvantage to operating a process i 5486 2005
environnents. The sulfur, oxidation insensitivity to changes i n hydrogen
per oxi deWERSAt ation in the | ow range of i to about 25 BCRUHHIS4
ofthis invention for the preferred sdution with high formc acid
concentration is a clear advantage over the prior art. The advantage of

| ower peroxide conpositions with undi mnished performance results in
reduced | osses by side reactions when recycl es are contenpl at ed,
efficiency 31 AUG 2005 WD 02/18518 PCT/ USOL/ 41554 2, of mxing of the
two substantially inmscible liquid phases in the reactor and phase
separation at the end of the reaction, and the feasibility of doing the
oxidation in two countercurrent stages,to nmaximnm ze peroxide utilization.
Fig. 5 shows that for favorable sul erab,E?xli dation | evels at fast reaction
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14 2.0 2.0 72.0 260 ) osv 521 1.56 728 §  64.0

15 3.0 3.0 57.6 39.4 0.76 4.17 2.54 7.47 50.6

16 3.0 3.0 86.4 10.6 0.76 6.26 000 | 7.02 91.6
20 17 1.0 3.0 86.4 106 § 025 | 209 0.00 2.34 46.1

18 3.0 3.0 57.6 394 ° 0.76. 4.17 . 254 7.47 28.2

19 3.0 3.0 86.4 10.6 0.76 6.26 0.00 7.02 94.9

200 | 2.0 2.0 72.0 260 -} o051 5.21 1.56 7.28 48.5

The experimental resuits of Table 1 were used to prepare a predictability model of the sulfur
~ oxidation-extraction process in the relatively narrow preferred range for the key parameters. It has

been determined that the following model can be used to project the residual un-oxidized sulfurin -



25 31 AUG 2005 PCT/ USO1/41554 Exanple 2. Another series of exp@ri A6 1085
run as descri bed above was carried out to denonstrate the efficient

si ngl e- sW@P28%at i on/ extraction of sulfur froma ker osenBCTAEH/SpHked
with DBT to about 500 ppmtotal sul #lir. Sanples were taken at 15 mi nutes
and after 1.5 hours fromthe organic phase after allowng the two liquid
phases to di sengage at the operating tenperature. The sanples were 5 not
further washed or otherw se treated before analysis. The results are
shown in Table 2. It can be seen that oxidation in excess of 92%is
easily achievable. It can also be seen that there is practically no
further change in the residual sulfur concentration after the first 15

m nutes of reaction for the conpositions high in acid. It can also be
seen Rl piase whep fressulfdf ipressrbasthe ileshEeagiiyhDRTgfibergothioplsnnt ent ar e
more variable and | ess reproduci ble. The reaction-extraction was
conpleted within the 10 .. first 15 ninutes, in contrast with results at -

the hi gher YwaRe7[HaiBAT i2005§SH)EFR] N8 HOAR - |1&59am§@§]+utrﬁnqsmdm642
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oxi datjon occurring after the 15-mnute tinme per Fig. 6 again :
denon }Peé?es very clearly the inportance of limting the amount of water

in the oxidati oy gQhdHesanin- 6{!8&&1 @“!ﬁnﬂlxh% sy roHﬁétQQPP ﬁt%ﬁ&%y dr ogen

concentrations at constant, relatively |ow concentra
feroxi de. 31 AUGHZRI0 515 Wbe0 29 1cg Bt 8iors orﬁdwansm/ HeRZEide in Ghe ' oxidizer-extractor

0nocM ¢~~CELslififin WhibnYeRen?

[FA] is the concentration of formic acid in the oxidizer-extractor composition in
weight percent.
The percent sulfur oxida.tioﬁ relati'\_.;e_ to the feed’s 500 ppm sulfur can be calculated
10 from the Y results as follows: X(% o'xidation) =100 - (Y/500)/100. Thus, for Y =30 ppm, -
a X is 94% oxidation. For Y =8 ppm, X is 98.4% sulfur oxidation.

Using the model derived from the experiments of this example, the results are plotted in Figs.
3 - 6. Fig. 3 demonstrates that for good kinetics -and sulfur oxidation yields, the concentration of
15 formic acid (i.e., limiting the amount of watei) is a key, sensitive parameter. It canbe readily seen,
that as the concentration of formic acid increased, the oxidation of the sulfur increased with the

volume of oxidant/extractant being dependant upon the St.F desired.

Fig. 4 shows that oxidation isrelatively insensitive to the concentration of hydrogen peroxide
20 ~in the compositions with limited amount of'wat'ér'(i.e., high formic acid concentrations). This is
- surprising discovery in view of prior art. However, Fig. 4 shows that at higher water concentrations
(i.e.. lower acid concentrations), sulfur oxidation' increases with increasing hydrogen peroxide
concentrations, clearly a disadvantage to operating a process in such environments. The sulfur
oxidation insensitivity to changes in hydrogen peroxide concentration in the low range of 1 1o about.

4 wt% H,0, of this invention for the preferred solution with high formic acid concentration isaclear

[
wn

advantage over the prior art. The advantage of lower péroxide compositions with undiminished

performance results in reduced losses by side reactions when recycles are contemplated, efficiency
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of mixing of the two substantially immiscible liquid phases in the reactor and phase separation at the

end of the reaction, and the feasibility of doing the oxidation in two countercurrent stages to

maximize peroxide utilization.

Fig. 5 shows that for favorable sulfur oxidation levels at fast reaction rates, the preferred

‘ stoichiometry factor falls in the range of from 2.5 to 3.5, and most preferred from 3 to 3.3 for this

system with DBT as the sole thiophenic sulfur coinpound. The stoichiometric requirement is two
moles of hydrogen peroxid.e to oxidize one molé of thiophenic sulfur. The StF is an indicator of '
excess peroxide required (e.g., StF = 2 means 4 moles peroxide per mole sulfur) to achieve high
sulfur oxidation and extraction, at high rates practical for a commercial process. Hydrogen peroxide
undergoes decomposition from side reactions, and fhé dilute compositions of this invention minimize
losses caused by such side reactions, and the overall process does not rely on using large volumes

of more concentrated hydrogen peroxide. Concentrated solutions would require extensive recycle

~and thus being subjected to losses. This can also be appreciated from the plot in Fig. 5 which shows .

that attempting to increase sulfur removal by doubling the StF in compositions rich in water<(57.6% -

formic acid) is ineffective, in clear contrast to acid-rich compositions (86.4% formic acid), as taught

. by this invention.

Fig. 6, using the predictive model cre_éted from the experiments run and described on Table
I shows the relationship between the molar ratio of the formic acid to hydrogen peroxide, and the
removal of the thiophenic sulfur from the fuel being treated. It shows clearly that at different
concentratioﬁé ofhydrogen peroxide and stoichiométry factors, that the ratio should be at least about-
11 to 1, and preferably considerably higher than that with the broad range being from about 12 to
about 70 and a narrower preferred range between about 20 and about 60. It also showé that little, -

if any, advantage is created by including 4 % hydrogen peroxide in the oxidation/extraction solution.
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Example 2.
Another series of experiments run as described above was carried out to demonstrate the
efficient single-step oxidation/extraction of sulfur from a kerosene feed spiked with DBT to about

500 f)pm total sulfur. Samples were taken at 15 minutes and after 1.5 hours from the organic phase

after allowing the two liquid phases to disengage at the operating temperature. The samples were

‘not further washed or otherwise treated before analysis. The results are shown in Table 2. It canbe

seen that oxidation in excess of 98% is easily achievable. It can also be seen that there is practically

no further change in the residual sulfur concentration after the first 15 minutes of reaction for the

-compositions high in acid. It can also be seen that the results using compositions with high water
_content are more variable and less reproducible. The reaction-extraction was completed within the

10..

first 15 minutes, in contrast with results at the higher water compositions where in some instances

there had been oxidation occurring after the 15-minute time period. Fig. 6 again demonstrates very

. clearly the importance of limiting the amount of water in the oxidation solution of this invention by

using high acid concentrations at constant, relatively low, concentration of hydrogen peroxide.
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"Example 3.

Tests were carried out using the previously. described procedure with a commercial diesel

 feed represented to contain about 400 ppm total sulfur, mostly thiophenic, at high acid concentration

- 86.4 wt % formic acid, (90 wt% of 96% formic acid .grade), and 2.5 wt% hydrogen peroxide. The

5 StF was 3.3. The composition was made by mixing 8.19 ml formic acid (96%), 0.83 ml 30%
" hydrogen peroxide, and 0.815 m distilled water. |

The GC chromatograms were use(i to compare the treated product to the feed to show the

" substantially complete disappearance of the thiophenic sulfur compounds from the oil phase (diesel

10 fuel). Analysis determined that substantiaily ali the sulfur in the feed waé trirﬁethyl-
benzothiophenes. The product after oxidation reaction contained practically zero thiophenic sulfur,

. The sulfones formed were recovered from the aqueous extract and identified as being primarily
trimethyl benzothiophene sulfones. This compositibn proved to give effective (complete) oxidation

of the organic sulfur in commercial diesel fuel which contains sulfur in the form of alkylated

15 dibenzothiophenes, rather than DBT.

Example 4.
Tests were carried out using corﬁmercial diesel fuel containing about 400 ppm total sulfur,
mostly C,, C; benzothiophenes, further spiked with dibenzothiophene (DBT) to a final total sulfur |
20 . concentration of about 7,000 ppm. In three tests the spiked diesel feed was treated with three -
| different oxidizer-extractor solutions with the StF, hydrogen peroxide, formic “acid (water) '
parameters adjusted in the ranges taught in this .inven'tion. Formic acid concentration was fixed at
86.4 w1% in these compositions. The_stoichiome;fy factorwas 2.5. Runs were made with hydrogen .
‘peroxide concentrations of 1.5, 2.0 and 3 wt% by changing the amount of water, respectively 12.1,

I1.6and 10.6 wt % and varying the total volume of oxidizer-extractor solution. The vanations were

o
wn

within the preferred range for these variables for this invention. The experimental procedure

- described above was modified by adding one fourth of the total oxidizer composition at four 10~
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27 3 1 AUG 2005 PCT/USOL/ 41554 Exanple 3. Tests were carried L]t

t he prevMaust/sdescri bed procedure with a commerci al di esalcT/émediss4
represented to contain about 400 ppmisotal sul fur, nostly thiophenic, at
hi gh acid concentration 86.4 w %formc acid, (90 wt% of 96% formc
acid grade), and 2.5 w % hydrogen peroxide. The StF was 3.3. The
conposition was nade by mxing 8.19 ml formc acid (96%, 0.83 m 30%
hydr ogen peroxide, and 0.815 m distilled water. The GC chromat ograns
were used to conpare the treated product to the feed to show the
substantially conpl ete di sappearance of the thiophenic sul fur conpounds
from thees ntdbasevédirsiel o280 fnglids. ﬂm%%o%egﬁfe%dptﬁ@[g g@xaatmr dro createa
substantially all the sulfur in the feed-was trinethyi - Bérzot h heri es.
The prisRindhe aperating gt datanadditvacfiaoareebitininsed spiuticn ataammyntz@mdntlons and to
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sul f onasn thbse sermmmosltm commpraxied cied figl.v Sagffes Gldry Eakéﬁ el &ne) aftet laﬁa\'&tl n
of the .orgegmc sul fg)ﬂ n comercj al ..di esel fuel which cont a| ns sul fur in

the fdPHEES QiiRyIng B 123 adiBion i OprdHud, imesAannpteal B CUdanrabytisal
T. 0
ests r\eﬁng eaetﬂapﬁat a1r$a%g ﬁgﬂ*ﬁg ??éfer?édgﬁcﬁﬁn% smab 2k fag d%ﬁgxm&'{oﬁ%

ppmtotal su othiro r spi

di benztbtobhexph emlc(sDEE)submaxaiduiyrcatnpﬂm ald repildfeven t}ﬁﬁglcmaeﬁm\aas eseaf ataxli)gbut
7,000 ppm In three tests the spiked diesel feed was treated with thre

! 1 ercBRECSsaanS: of a‘é&?F‘&E?%Fat%ﬁ‘a?‘i%‘r%‘s%nPWdtrﬂé“‘ﬁlFSCﬂFWdP%6%-%3 B%TFC@SWEF@“

form %f%gag'g@w@;ﬁ,r o SRR | ARy ERGLARAGR 2ught 10 this

[ nvent I O C acl I on was

[0 This example shows that the dxlute éeroxide/high acid and low water composition of this
invention is very effective in oxidizing almost to completion a number of different thiophenic
compounds typically present in fuels, and the less reactive DBT even when extended to much higher -
sulfur fevels in the feed applications. DBT sulfone is also effectively extracted, being significantly
less soluble in diesel fuel. The residual equilibrium concentratidn of about 150 ppm sulfur wasdue

IS - to the higher solubility of the alkyl-substituted sulfones in diesel fuel.

Example 5.
Tests were carried out with a commercial diese! fuel contaming about 250 ppm total

thiophenic sulfur, and most of it as C; to C, substituted DBTs. Six batches of 200 ml each were

20 oxidized as in previous examples with oxidizer compositions of StF = 3, H,0, concentration =2 wt -

i~

%, and formic atid concentrations of 85 wt % (added as 96% acid with 16.4 wt % water). All
oxidized diesel product batches were mixed together, washed twice with water (200 parts fuel:100 -
parts water). The washed diesel was separated éoﬁpletely from free water, then neutralized and
_dried by slurrying with 1 wt % calcium oxide and filtered through a 0.45 micron filter element. The -
oxidized, clean diesel product was then analyie_d by GC/MS and for total sulfur. The GC/MS results

wh

showed a substantially complete oxidation of all thiophenic sulfur-to sulfones. However, the total

sulfur analysis showed a residual sulfur concentration of about 150 ppm in the totally oxidized.



86.4 Wt % in these conpositions. The stoichionetry factorwas 2.531&@9@9/05
were made with drogen peroxide concentrations of 1.5, 2.0 and 3 by
changi ng W13 Prb%nt of water, respectjvely 12. 1, 25 11, 6PaRYSEB485t %
and varying the total volume of oxidf%er-extractor solution. The
variations were wthin the preferred range for these variables for this
i nvention. The experinmental procedure described above was nodified by
addi ng one fourth of the total oxidizer conmposition at four 10 31 AUG
2005 WO 02/ 18518 PCT/ USOLl/ 41554 28 mnute internals over a period of 30
m nutes. This was done to reduce the tenperature drop created fromthe
operating set. by an addition of a |arger volune of solution at anbient
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m nut es) . M5 anal ytical 5 results showed that in all cases wt
t his priot e\uhrsenm toonip d'sé DBAmatg, theriggher thesohibildaof tie refultitpesul fonkeophéiadet will
speci ﬁs was substantially conplete and rapid even though the sul fur was
presefif: at high concentrations. It also dempnstrated the previously
noted relative insensitivity to the concentration of hydrogen peroxide
at this high acid concentration and for constant StF. 10 This exanple
shows t hat Ttohermbivbultmarqsiaim@b«b)déikm ghiftmdd theadudiredlovelatdrlessahpod b tppon imf to

b e B aieep dle T Bt OR RSV e ESel JAE BRSPS 5P EGL AT ARHE5FA h And
t he Igﬂea%aﬁweAQESVEte%Va%WQ%’15Ogm%ﬂﬁéo&%lgyabcﬁérﬁ@rcﬁpéﬁep js%ggd Brin

t he feed applications. DBT sul e Is also efrectively ext el ng
si gni fhicpumpbse after s prepatativhehdt serdéste eleadtivate. it chingparazisto etteedr reftnery cdvientional

ohcent r.ati.on 150 ppm sul fur 15-tqQ the er qublllty-
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t hi ophenic sulfur, and nost of it as C,  to C5 substituted DBTs. Six

bat cheeraighR(Dhan it wag $tirveskaad txofins paitizlss waze desaprdofif bafreshayiiads chimdg to

OXIdIZ C ositions of StF, = 3 2 concentratio dfo mc
acid cg{ﬁ:eﬁ P ATAs SRR e “’53’55( Oéum L236900a1 % go&trﬁmfgﬁtﬁe ?\?\Eﬁ&/ .
Al @ (maz@@sdé@&alan@mmtw;bﬂb@baﬁqomaf%»eecb dodleatibeise ofbysthed7 4 wmeo
with water (200 parts fuel:) 00 parts water). The washed di esel was :
I 3epar BiSEN eEaBRet @l T hepdtsrFr e slummives desanted, theuslualad2ad degratedrepeatedbywith

sl urryi. h andqfjel L &r 9 0

filter Q‘Iggérs\rfettr?t egﬁf&% }g%ﬁom %ég]etg& ﬁi'I% aér} |H§svt'é;1% r%? atctiga(r: Hggaé:@g[ %eﬁééé;ﬂé yeztg

by GGhhhaaold Theracttoherdw es slufriiia wél'sfwlo@@’i Mﬁjryesalﬁiblsnt conditions to a dry, free flowing
fine granular material. About 65 grams ofthis now neutral, deactivated alumina material was packed

ina 1.5 cm inner diameter, jacketed column to a packed volume of about 60 cc.

20
About 750 m! of the above oxidized diesel was passed through the column, top-to-bottom,
and the eluent was collected in separate, sequentially-numbered 50 ml volume samples. These were
- unalyzed for total sulfur and the results were shown in Table 3. It can be seen that the residual total
sulfur inthe diesel is s low as 5 ppm and that the 15 ppm preferred limit is reached after somewhere .
25 between 450 and 500 ml of feed have passed through the column. It can also be seen that blending

the first 12 of the 50 m} samples gave 600 mi of eluent with an average sulfur concentration of 13.5

ppm residual sulfur, still under the 15 ppm preferred limit. Those skilled in the art will recognize -



showed a substantially conplete oxidation of all thiophenic sul3 s
sul fones. However, the total sulfur analysis showed a residual sulfur

concent raDiKehsas about 150 ppmin the totally oxidi zed 31PAUESROIB4 WO
02/ 18518 PCT/ USO1/ 41554 29 5 di esel.3¥his residual amount of sulfur was
due to the variable, non-zero solubility of C3 and C5 substituted DBT
sul fone conpounds. Unsubstituted DBT sulfone is substantially insoluble
in diesel at anmbient tenperature and is, therefore, extracted by the

oxi di zer/extractor solution. The higher the alkyl substitution in the
DBT ring, the higher the solubility of the resulting sulfones in diesel

mﬁll be. To renove the resi dual oxidized sulfur to the, desired |evels
ot 54 B Bl B B DR AIRER SIS U A0 S8 AR

Act i vatredkttabugh pant(HBr ard bawe four tinfgso MhAlsdaled hp @’SGSIW@&H neomamydvatmewsyeme
for this purpqQse after g preparation that serves to deactivate it
conpar'&® ¢ @ﬁr@flﬁ abvipus neganye wall wdrets 9n e Guplishf tﬁ% slupyeheniang 3 ¢Rlumn Withna -
was pr epglr ﬁlddlaﬁlefep Lnlld)%eﬁ %r%(rjlfop%tjﬁ't Hg cH]e ?é?)l Wext@cl‘iﬁl Qﬁll or@e&‘f@%n@nd
washe copl ous anounts water In a aker an to stan

wat er (h@hafbud@htumeﬂmé BeeidtcowhEbesttdatadeit farn thet dudfuf breelkthpamph) xﬂtbsﬂme fsefrom the
decanted off before they had a chance to settle. This was repeated

sever &UPMHPs. The alunmina slurry on the bottom of the beaker was then
wet (water) screened and washed with | arge anbunts of water to coll ect
for use only the -75 to + 150 15 mcron size fraction. The water-wet
slurry was decanted, then slurried and decanted repeatedly with nethanol
to renmove the free water, then the procedure was repeated with acetone to
remove the nethanol. The acetone-wet alumna was allowed to dry at

anbi ent conditions to a dry, free flowng fine granular material. About
65 granms of this now neutral, deactivated alum na material was packed in
a 1.5 cminner dianmeter, jacketed columm to a packed vol unme of about 60
cc. 20 25 About 750 ml of the above oxidized di esel was passed through
the columm, top-to-bottom and the eluent was collected in separate,
sequenti al |l y-nunbered 50 nml vol une sanples. These were analyzed for

total sulfur and the results were shown in Table 3. It can be seen that
the residual total sulfur in the diesel is as low as 5 ppmand that the
15 ppmpreferred limt is reached after sonewhere between 450 and 500 mi
of feed have passed through the columm. It can al so be seen that bl ending



the first 12 of the 50 mM sanples gave 649 nml of eluent with aﬁ35$35§@B
sul fur concentration of 13.5 ppmresidual sulfur, still under the 15 ppm
pref err WO 2638318 Those skilled in the art will recogni ze BCT/URUEISDHS WO
92/ 18518 PCT/ USOL/ 41554 30 that scaPkd up tests woul d give yet much
better results, i.e., higher bed volune nunbers before the breakthrough
point by at least four tines. The scaled up tests would not be

di sadvant aged by the very cl ear and-obvious negative wall effects on the
quality of the eluent when using a colum with a 1.5 cmdianeter and a
bed I ength of about 33 cm Also, the extraction will be nore effective

(hi gher bed vol unes of feed could be treated before the sul fur

breakt hrough) if the flowis fromthe 5 bottomup. 3 1 AUG 2005 5 10 15
20 WD 02/ 18518 31 Table 3 PCT/USO1/ 41554 50 ml fracti onppm Scum avg ppm S

oxi di zed di esel 0150 1st cyclel55.0 2. 65.5 .
7107.3 8127.9 9148.6 10189.5

365.7 476.0 586.4 696.8

Table 3
| 50 ml fraction ( - ppmS cum avg ppm S
5 oxidized diesel 0 ' 150
1st cycle 1 5 5.0
‘ 2 6 5.5
3 6 5.7
4 7 6.0
10 5 8 6.4
6 9 6.8
7 10 7.3
8 12 7.9
9 14 8.6
15 10 18 9.5
11 26 11.0
12 41 13.5
13 60 17.1
14 90 22.3
20 (5 132 29.6
3rd cycle 1 4
4 7

18]
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112611.0 124113.5 136017.1 149022.3 1513229.6 3rd cycleld 47 25 3 1 AUG
2005 WO 02/18518 PCT/ USOL/ 41554 32 At the end of the adsorpti dd /&iﬁd%
the col uyp ¢Agsigr ai ned, then washed (top to bottom w th p&Pysdi/s15s4

cycl ohexane to dlsplace residual dieggl, then dried by passing nitrogen
through the colum while circulating heating fluid through thej acket

of the columm at about 50C. Fol | owi ng, nethanol was passed,
top-to-bottom through the heated colum and three sequential batches of
met hanol extract, 50 ml each, were collected and anal yzed for sulfur and
to identify the sulfur species. GO M 5 analysis showed that the
extracted species were all DBT sulfones, nostly C3 - C5 substituted. It
al so showed that about 95% of the total sulfur was eluted in the first 50

ot hanor AT 18 o4 R OTRIED 5l ot s R RS e (RS KR

n  acegoafibcyictohieriel totdddptadetrssighiat dit@elf themdred By’iﬁ@&ism%ﬂﬂtr@éé%tt% thel¥lumn
passi ng_gt hrough nitrogen in lieu of steamin commer ci al aﬁyv i cation.

The ad¥Blesircelativghestipg flyid theapgh &We?cé’ﬁeea:péunn HebeutpPAgsFolmyvingametizangl
show, \Mgﬁag&{%l;{rﬁé-thfbaotrt‘tgﬁyft%%?#h ﬁﬂ:%efa%ﬁrc%n\nﬁ? a tél%eus%aﬁex{g% ?Qc}hes QF n]iej?l?anol

third respecti ust
f or t keraay50asabklivge caldctdtand angyzd fomutfhneanﬂitar slbntu:fydiee;ulﬁfmpsqxesal(}m&

BT oC ETORH GO AR By e SRectrs P S RE P b st 8 GO SRR b I Sehe

need kRéwedfahitdht YSIRATRS (4EQ stRuraR4s sl@bd Bithe Fivt 3038l hath&®l 6htohng. The
foregoi ng description of the invention and the specific exanples

descri bed denonstrate the sur pri sing nature of the oxidizing/extracting.

hose. hav; oo PERBER G} SoanF Ritoltondhde ol ehRiGEtRTet EflyBn S BRGA V.

descr thgtdobumi svap Hearvedhédwvithsopnisestoaé tocﬁa&mamsimg-ytdgeﬁcaﬂ mntaagleﬁxdmhetbhe
i nstag)IBl nvent i o for use in _desulfurizin Ihe af ore Aa?oned f Qil s.

Wavi n %Séwgtt%fag nifrogen Wrlisued slegy 1n 3omuBgGial IPlEcs: dhe adspeption: ?regon ,
one Otydé dhﬂ@bb’at&kﬂhl‘ée tirflest & 1R dat£ SHohE tHERK BurR el firS @ S8 1P Adhaddk BALIPNS .

to such
for the third cycle were 4 and 7 ppm, respectively, and just about the same as for the correspondmg
eluent samples in the first cycle. Thus, alumina Wthh has first been deactivated by contacting with

-water can be used effectively in the cyclic procedure taught in this invention without the need for

15 high temperature re-activation, such as by calcining.

The foregoing description of the invention and the specific examples described demonstrate
the surprising nature of the omdnzmg/extractmg solution and the process for desulfunzmg

hydrocarbon fuels, especially those having low levels of sulfur present. The above-described -

20 description is offered for purposes of disclosing the advantages of the instant invention for use in

[ 1]
(¥}

desulfurizing theaforementioned fuel oils. Having been taught such process by the above discussion

and examplés, one of ordinary skill in the art could make modifications and adaptations to such -
| process \vifhout departing from the scope of the claims appended hereto. Accordingly, such-

modification, variations and adaptations of the abo.vé-described process and compositions are to be -

_construed within the scope of the claims which follow.



process w thout departing fromthe scope of the clains appended gzr eto.
Accordingly, such nodification, variations and adaptations of the AUG 2005
above-descri bed process and conpositi o§§ are to be 25 construed within

t he scope of the clains which follow. 1 AUG 2005 33 Clainms 1. A process
for renoving sul fur conpounds from hydrocarbon fuels, conprising the
steps of contacting the sulfur containing fuel with an aqueous oxi di zi ng
sol ution clagePri si ng hydrogen peroxide, and formc acid in a nole ratio
of at |east about 11:1 formc acid to hydrogen peroxide and having | ess
than about 25 wt %water, in an anpount such that the hydrogen peroxide

SRR T e R R R

sul fones, at atdpeaperature of from about 50C to about 130C to form a
hydr ocar bon fuel phase from which sul fur has_ been renoved and an_aqueous
phase contai ni ng éRP@rtrgths spifercoptaining fush With emadneous wakbeag BIHt9N el

phase; separatd, ifsfﬁg hgﬂ%g%'ger{%?g%,e %q’ﬁﬁﬁi'c%i'&q tahﬁolg)l(ﬁtfoaézfta‘??eﬁwb%ﬂf 11:1
conmpounds from fia ydr oCar bon el phase; and recoveri ng e

hydr ocar bon plfasgic@cidttahpdioged prokide andbBanvimglesetite abows 25 fwtr% watdi! @rdn. 2.
The process of claim 1l wherein the hydrocarbon fuel is gasoline. 3. The
process of cl &MAMt sl kgt the drogenperoxidepregent isgrsaterdbangaboyt MRJipgLhe

peroxide is fs'&?{:;ﬂeigllﬂg‘ff% atfbuht #elﬂusg(ﬁ%coﬁ%r@the%ulfﬂ_% 0%8§;gre§)ént ?A aim1

al so incl udi ng steps of: a t he aqueous phase t0 separate the
form c aci d andrresgoadinigrsalfondieat aoxmgeratne sifiréirabomridsGnoabowdil830¢C td fogmt he

aqueous phase to remve ter fromthe acid; and recovering the acid. 5.
The process ofd lmdéﬁ%b@né\ﬁ@&%@%ﬁrr%iwm&t #ibug haghesp erBRYRA AN GNAHHCGUS BRI ed
aci d as part  Bhulifi Belfkel Quliextrcibd foRtHE RYREbSH ARI pRAEUT I On. 31 AUG

separating the aqueous phase containing the extracted sulfur compounds
from the hydrocarbon fuel phase; and

recovering the hydrocarbon phase containing the fuel having reduced sulfur

content.
2. The process of claim 1 wherein the hydrocarbon fuel is gasoline.
3. The process of claim 1 wherein the mole ratio of formic acid to hydrogen peroxide

is from about 20:1 to about 60:1.

4, The process of claim 1 also including the steps of:
flashing the aqueous phase to separate the formic acid and water from the
oxidized sulfur compounds;
distilling the aqueous phase to remove water from the acid; and

recovering the acid.

5. The process of claim 4 also including the step of recycling the recovered acid as part

of the acid to use in the aqueous oxidizer solution.



6. The process of claim1 wherein the formc acid is present in the
oxidizing solution in an anount of from about 75 wt % to about %Zlgﬁ%jﬁ
and the hydrogen peroxide is present iq an amount of from about %
about 4 wt % 7. The process of cl ai m P%wherein the oxidation step occurs
in less than about 15 mnutes contact tine. 8 The process of claim1l
wherein the anmount of the oxidizing solution added is sufficient to

provi de g, st OiTaRippsERES bCclAXCE SheRin tﬂlem@@aa lﬁp&&nahpmts ofidi ZiAE Soltrfiéh in
anount required to oxidize the sulfur present. 9. ﬁ)r ocess of claim8

wher ei n the s epiagIouphedfron abw,tés?sw"ét@ rlosrit 4B i Sindth% yilsegan pegoxade ismes
t he anount %'l’éser?tqn ag {5fefr Odiu‘% B ﬁgﬁq‘twtﬂ t he hydrocar bon
|nc udi ng t e

fuel. 10. The process ai'm r step of: treating
t he recovered hydrocar bon phase with a sufficient quantity of calcium
oxide to neutral ize any_residual acid therein; and separating the

neut ral i ded f U PFecsR Shflaian] BhersiToRF @idatian Stop g e a fha

conposi tion fqf. . tiékgblﬁ%ﬁ%n% gani ¢ sul fur conmpounds, and during such
oxi dati on, ext racti i e oxi di zed organic sul fur compounds from

hydr ocar bon fuel s having | ess than about 1500 ppm sul fur cal cul ated as
the benzot hi ophene, whjch con'%rl ses: fromabout Q.5 %to about 3.5 %
hydr ogen Ser oxilgdrocess oflaiBbLivhersinghe ammopntl dhe 0xidiziRe sytignaddedisi o and

water in an a@BfH&Hei?‘P?& %11091&%%‘?&911@19%& eXCes ‘é‘@f%’% ]ngout g Et%’ﬁ%?ﬁﬁe‘s

claim1ll wherein t ositron conprises from about toaout 3
wt % hydr ogen apmﬂredeuedmmdab@mhsﬁﬁurvptre%to about 89 wt % formc acid,
and fromabout 8 Wt %to about 20 wt % water wherein the nolar ratio of
the formc acid to the peroxide is fromabout 20:1 to about 60:1. 31 AUG

2005 35 13, ARLOr6RSs {)P(flalfrﬁg%kﬁﬂl bl O‘I{fhl(ﬁ%{fl? E?&% fsrf%ﬁl db&i8l o folbut

conprising the steps o contacting t di ese a tenperature of
from about 90 33 timeatheumadifbeqhmed @ qadizoithe ahlfan presenpmttbe apdrotartién fuehut es
wi th an oxidizing solution conprising: fromabout 79 wt %to about 89 w
% formc acid,

10.  The process of claim 1 including the further step of:
treating the recovered hydrocarbon phase with a sufficient quantity of
calcium oxide to neutralize any residual acid therein; and

separating the neutralized fuel from the calcium oxide.

11.  An oxidizer/extractor composition for oxidizing organic sulfur compounds, and
during such oxidation, extracting the oxidized organic sulfur compounds from
hydrocarbon fuels having less than about 1500 ppm sulfur calculated as the
benzothiophene, which comprises:

from about 0.5 % to about 3.5 % hydrogen peroxide;
from about 75 wt % to about 92 wt % formic acid; and

water in an amount not to exceed about 25 wt %.

12.  The composition of claim 11 wherein the composition comprises from about 2 wt %
to about 3 wt % hydrogen peroxide, from about 79 wt % to about 89 wt % formic
acid, and from about 8 wt % to about 20 wt % water wherein the molar ratio of the

formic acid to the peroxide is from about 20:1 to about 60:1.



fromabout 2 wt %to about 3 W % hydrogen peroxi de, and fron1a?3ut E§m¥
%to about 14 wt %water: in an amount such that the nol ar ratioddfAUG 10
formc acid to hydrogen peroxide is fr,gmabout 20:1 to about 60: 1,
wherein the anount of oxidizing solutig added is such that there is a
stoichionetric excess of hydrogen peroxi de necessary to oxidize the

sul fur present in the diesel fuel in an anpbunt of fromabout 2.5 to about
3.5 tinesl3. t heA prsoesstfoneam@thgt snlfoxeampanth fomudiéset fuehcdrhpridingthe steps of:

extracting, during the oxidizin tep, the oxidized sulfur conpounds from
the diesel fuel iKPBIAFHRE fgaégfé S BieRrg L qf_tzfr%a'e%lt?éé}rﬁata abott
hydrocarbon phasec it Riod JAURRYS tBRBSH: | 53RIRAES Wifhthnl JX8di2RE_BKBioRNas e

ds

contai ning the extracted sul fur conpoun fromthe hydrocarbon fuel
phase; neut r alcompngingny residual acid in the fuel; recovering the

neutralized diesel fuel, c aining le t about. 25 ppm sulfur; and
recovering the for om 3‘?:‘?”3%%%’f%%boélag%%hfg"r}ﬁﬁ’élgé‘.cldi4. The process of
claim 13 wherein t gy @bdlitQ 4o h&&@%\%'h?&irogé’n phsxddidgi onal steps

of : flashing the aqueous phase to separate the formc acid and water from

the oxidized sul f droneabpddrdsode about o9 evtlfeadtest ream distilling the
overhead streamto.renove ter fromthe fornm.c acid.. recycling the
formc acid for redbeh AoRReh it BmelEgnlt PhRrmieicid RErd@a raidur oi m
14 wherein a gasRhbout 203046a8olt&0t NeviRRPR IR aBHUANHEIIS 2R3 RitioRaH&d 1§ O

fl ashi ng the aqueous phase to separate the water and formc acid fromthe
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al kyl -substituted benzot hi ophenes and di benzot hi ophenes conprising the
steps of: extracting, during the oxidizing step, the oxidized sulfur compounds from the
diesel fuel into the aqueous oxidizing solution to form a hydrocarbon phase and an
aqueous phase;
separating the aqueous phase containing the extracted sulfur compounds
from the hydrocarbon fuel phase;
neutralizing any residual acid in the fuel;
recovering the neutralized diesel fuel containing less than about 25 ppm

sulfur; and

recovering the formic acid from the aqueous phase.

14.  The process of claim 13 wherein the formic acid is recovered by the additional steps
of:
flashing the aqueous phase to separate the formic acid and water from the
oxidized sulfur compounds as an overhead stream;
distilling the overhead stream to remove water from the formic acid; and

recycling the formic acid for reuse in the oxidizing solution.

15.  The process of claim 14 wherein a gasoil is added to the separated aqueous phase
prior to flashing the aqueous phase to separate the water and formic acid from the

solvent and oxidized sulfur compounds.
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containing fuel with an aqueous oxidi zing sol ution conprising hydroge
peroxide and formic acid. in a nole r%%io of at least about 11:1, formc
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and dewatering the hygrocarbon phase; passing the hydrocarbon phase

t hrough a bed of awrostactmgyat agspetatnt of fromaabsor F0°Crte absutdli3Ped, the sulfur-

al kyl -substituted. benzot hi ophenes and ,di. benzot hi ophenes from the fuel;
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drying and neutralization is acconplished by adding calciumoxide to the
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about 7000 SUN 7iop ehes and &ikt])enzo%ﬂig)p%enes, af guel?ones, and an aqueous pflaslélp to

containing substantially all the oxidized benzothiophenes and dibenzothiophenes;

separating the aqueous phase containing the extracted, oxidized
benzothiophene and dibenzothiophene sulfur compounds from the hydrocarbon
phase containing oxidized alkyl- substituted benzothiophenes and
dibenzothiophenes;

flashing the hydrocarbon phase to remove remaining formic acid and water
from the hydrocarbon phase;

neutralizing and dewatering the hydrocarbon phase;

passing the hydrocarbon phase through a bed of an alumina adsorbent to
adsorb the oxidized alkyl-substituted benzothiophenes and dibenzothiophenes from
the fuel; and

recovering the fuel having substantially lowered sulfur content from the

oxidized sulfur compound.

18.  The process of claim 17 wherein the drying and neutralization is accomplished by
adding calcium oxide to the hydrocarbon phase fuel; and

filtering the fuel to remove the solids from the fuel.
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19.  The process of claim 17 including the additional steps of:
cooling the hydrocarbon phase between the flashing step and the neutralizing
and dewatering step; and
adding the calcium oxide to the hydrocarbon stream prior to introduction into

a post-treatment vessel serving as a solids liquids separator.

20.  The process of claim 17 wherein the sulfur is present in an amount up to about 7000

ppm by weight sulfur.





