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OXI DATI VE DESULFURI ZATI ON PROCESS FI ELD OF THE
| NVENTI ON The present invention relates to fuels for

WO e@aspops ati on which are derived from nat ur al PCT/US2005/046849
petrol eum particularly processes for the production
of components for refinery blending of transportation
fuels which are liquid at anbient conditions. Mire
specifically, it relates to a process for making such

ai'sti 11 a0 T D SULERIAI R BROC RS,
sul fur-containing organic inpurities therein, by
contacting the petrol eumdistillate with an

oxygen- cont ai ni ng TEP 9F T WYENSIPN ondi tions in the
pIT®8 egtesenO finv@nitsit Mawwm eoattadnypctrtau&ﬁ@ﬁ@ﬂ%m%ed from

t nt
naturgl RtPARTD Py e T RRSes, 50 g st apuastiof FaRRonspis.er agfinery
blending| ¢f sransipriphiai fuelsrwtasit areiqaid el agbiehiecdndiibnsd elactespedfically, it

relateégg a]p%c% %ﬁ?%’a{k}ﬁg s\(}bllrlnlﬂgerls%lpﬁ{/ @ﬁly%%%ﬂﬂ%‘t (51';2 \c;E? Eé’mﬁ% distillate
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the pé&?&&lm BitillaRUGEH dn Kgé@ -SR] gdsi %ﬁﬁ@(ﬂ)n%ﬁﬂdlﬁws it thk Bfesence

di esel engi ne which enploys conpression for
Ofahﬁﬁﬂr‘lﬂqnﬁ?ﬂstqaﬁ?ﬁysﬁf the fuel in order to utilize |ow cost

organi c fuels. Devel opnent of inproved diesel engines
for use in tram@mjm@ohaymmgﬂqm hand- inhand

wWth i nts i sel fuel osi tions.
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emplwgréo%p%es%h Torae g,g.tfaﬁ ohmyfasﬁn RPAS 15 26feAsw yalor@% fuels.

etrochem cal 'e conpositions o
Developiepy &fmreaved Idl?a%' e5pings 3?* é‘sgl'rgﬁﬁ'fﬁpEQ?ﬁq”)he\?d%r pc@gdedahqmd in-

hand CWithd RSpré@iideRtsN inS die§d! I fusl OdtRaBidensaN dodest high NHedofnance diesel
oun 0 .,contai,n o

.nitr whi ch ey al but
enings JRBAVL SR IRt B1voRPep fioT & WP eiaySy 14 SO ipelpe on
importaovh carsidesdtioon i n crude is | ess than about 8 percent,
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Indeeglp Refeieuratdsoret iis theswarld's mais sourema OYCHO?%fPQfé n#sed kﬁ§t fupland

petro%ﬁﬁl&ﬁf f@édslﬁicgh nild- @on%%ﬁﬁ@ﬁbt of %Hﬁiﬁ Retlolet® @PMBride oils are

used he form produced th but is
3'9“'f196'i‘ﬂ)'eb’i"éed‘ il G'Ndeg efontaly |Sé§“r| Fﬂ’@f’%ﬂ“q\? (Pé‘dr éﬂ?@b cgftain @ifregen
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ransport at| n .ar e

Geneldif R s RIGLE iR BEh e eBRR SRR v ingd §U8E Adbing
sulfupaendeodtans eindthes engpeftarh | @ati Grfs .to Bewausied mestenbf Nitregen

conc&ﬁr‘éﬁcﬁ'ﬁis ﬁ%’l?&illi/ ?eQL ﬂﬁa‘i‘n%%é{er&é'ht, but it may be as high as 1.6 percent.

Crude oil seldom is used in the form produced at the well, but is converted in oil
refineries into a wide range of fuels and petrochemical feedstocks. Typically fuels for
transportation are produced by processing and blending of distilled fractions from the crude
to meet the particular end use specifications. Because most of the crudes available today in

large quantity are high in sulfur, the distilled fractions must be desulfurized to yield products
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| arge quantity are high in sulfur, the distilled

fractions nust be desulfurized to yield productswhich
wore@b/0pigpd or mance specifications and/ or envi r OPCEEOSZ05/046849

standards. Sul fur-containing organic conmpounds in
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ercent edl s
Unlteti Plates d)lpéedaﬁldeUm D@@elgualttesﬂ 3 wﬂghtsdersentf LBy 1996Dh dgedpe and

Umtefi l$§’Ate§ %ng 1397 %Han,pﬁlﬁﬁﬁﬂh sdﬁMr e fheEWEQPe‘Hu@&ijto no more

St ates, _and I n Japan, maxi mum sulfur 1n
than %P%§’§|9hf RREPENfp Ihip é"él’[l@"é'ée trenchustieceXprer ©. Q9Btinyei tggyen lower
levelg¥er €gfat.. This worl dwi de trend nust be expected to

t | | s .f ul fur. The US
10 B RafiPameRRLE Bl Ragnew s Hreetig Ayeis! 0 SuitP Jess than 15
ppm i0f2086 Fdr wn—loed sliepdﬂaﬁ hé Eupmeam pr’bﬁ@ﬁgcﬁf@atiwiﬂ badesditlesed0. ppm
in 2035‘?n ﬁﬂ{hgpg%” ‘\ﬂ/id%pﬁﬁé édro%v %épbﬁ%e g{/ @Sglé&%u%%obne
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pm for the Cat e or
vy aStent (e GareTs & Uz%ﬁmjmaﬁ hopinaag FUEILIHES B lovels
at thefrefinety f4ite- Trow refnefsere Gad eth tHelbbbiienge ef rleﬂecmg Welshlfd?l davels in
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| §
{heggér Itagﬁ%t %enQquﬁttodaag{nowyﬁéaNu?rﬁtg? ISn Itréeg;!}fénbﬁ&ﬁﬁ California and
other jurlsdlctlons has prompted significant i

nterest in catalytic exhaust treatment.
Challenges of applying catalytic emission control for the diesel engine, particularly the
heavy-duty diesel engine, are significantly different from the spark ignition internal

combustion engine (gasoline engine) due to two factors. First, the conventional three-way
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In one aspect, pending introduction of new em ssion

regulations in California and other jurisdictions has
wEe@aptEee si gnificant interest in catal ytic exP@uEs2005/046849

treatment. Challenges of applying catalytic enission
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achlamagg@sd mtslsmhstdrbmmi Odngbhpfrur Furterinsrea N;G))grtmabl syatams are
eS8 e TSP 2B SlioB8S PR gL B woul
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bh Such
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portion o qghe sulfur from petrolgum distillates for the blending of refinery transportation fuels,
but they are not efficient for removing sulfur from compounds where the sulfur atom is

sterically hindered as in multi-ring aromatic sulfur compounds. This is especially true where
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need sul fur levels below 10 ppmto remain active. In
the face of ever-tightening sulfur specifications in

wao eaaspioss ati on fuel s, sul fur renoval from petPCI/E82005/046849
feedst ocks and products will becone increasingly
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Such fuels are produced by fractionating a distillate
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tron of the aromatics an extracting sol vent
oxidizinga solutionaquEtnse  tfepresc aéﬁ:.f@ﬂwe@hfr@ﬁether hyfhpcarbon phase by a

subséfreftOpna88k8paration step. The hydrocarbon phase containing remaining sulfones
is then subjected to a liquid-liquid extraction or solid adsorption step.
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U S. Patent 6,368,495 B 1 (Kocal et al.) also
di scl oses a nulti-step process for the renoval of

wao hioepgaes and t hi ophene derivatives from petPOI/E82005/046849
fractions. This subject process involves the steps of

canktasd bf‘@rrﬁic Q\Xig rerth@ ronaQtld‘neﬁéb i BB%S%]E hEBiO 5&1&’ ﬁszrblg@\lely

agent fol by t contact of the oxidizing s
more @f‘??f\?é’ﬂtth% %Cﬁtlcaa%l Flatheé EBPEFSIc i 6%%% fyi@dchg salvent and
can hddﬁdérﬂéﬁéﬂ rheigls %réby&@ik@hﬂd tHEmC FRERIOE Qﬁotﬁﬁéﬂﬁ%@%qumd to

ereb a heat d st ream
nandlg (5T Yol SR oS CaIB T bt b B JE 8 SRR ety
sectiapf arui(storaglengasaejsnﬂ@ewemfafsmm kit disodneneesitaiasdibs ,use of high
temp&%l}uii%%%f%fgﬁlﬁ S%S%r%ﬁ’cfrp&)iﬁé h{dr ?c;a'rtgﬁ thQer&%XQ@\QA%ue\é@s Smdant phase
in ordgs 4@y |pfqypntzta€|a9ﬁeqia@f@e%fsa thiH ereqinitated solid pbasgovih 43 peligued this

undeéhfab@ dhe8é ki Bat&ed -EDS 1 EHRGRIDB lip PUMEINESH f@\%l@géi@ Ottferefore at

rmc aci aseg ‘{i f{; Per oxi de bi
ower SN ERRERRR. (M 30 coial BB P SBRbLT fort g ereted shapes.

t &J.8.oPaterst ) Hict, 47@ B;u[ctarbres et Mrdisblgsédwet@mmat t@tiplex multi-step
desu@:r(i?%l%ﬁ rocrc'egg:3 Sl?)lg {f,sthg ?ocg%% {[}12@8 ar g{)érrg%s'ﬂ !z]atriog n§tep, an
Oxididﬂ@estmarmgmbgwlq@m@e aby azeparbtecsienwhehsepatigeldhe suifur-
oxrda%ﬁ%mpgﬁ‘rﬁjs@f@ 5%%@@{?019 lﬂ%séfldéﬂf‘étféam &ghef h‘@baﬁbn step. The

fones is hen su Jecte
aquefé&?t PXiiFInG ﬁO'B’i'O“sb?eldd” dors 8¥RiEING $tept @Bfe’ﬁl%’ E@éa'@ﬁ agelE el and

hydrogém Cbekdkldehe /3099' Q@UUé]nhyﬁFc@énl Serddde a0 Wes dRbiRing FREMefluent is
ensi ve .t han acetic aC| d.

deco%‘?’sFH QP’ °°‘Pe‘8$ Xhea% 'Lben ﬂ?:%ﬁgﬁogﬁ’roé'ﬁo'hcat?l uci ng"

s dhe exwpaatich ctep ibywriedeout avithaa rseleetivel soltehetekytract the sulfur-
oxidaf@@atﬁﬁ‘ﬁgplgdsg glfé'rﬂ th gb?cglkgﬁ_ﬁfe Cs)agﬁfglr)%' éé r?zltb% }SFélfc?Fe% Je?e%H\fer &ﬁt/ents
are agpignitrilepdimethykletmarpide (pad seifolangt recovery section and

ASLRbAUS s¥OSHE hsve b-géﬁ pkb?gsé!f fof r@ﬁf&nﬁg el cqu@:leﬁ Qulfur compounds.
necessjtate nmperatures for the

FOSSATRE! BV orPatent g Lo die e SHlRs e 6ol 2 MbeatEn L

sccwentkaermitamé]aﬁese in thg ebaraction gisafonss. Theprappeasanasisof a

h| r?jsu[?oﬁ: (B%S%S)ed solid phase. It is believed this

e can be fornmed due to the poor

l 'Apﬁ&ﬂ) J)fI &'s.HﬂaPlﬁst Epgmeﬁtsa&éeg in TH%eéﬁfa&fo‘ﬁ ﬁtsu’flﬂvﬁnofnpounds was

perat ur es, formc acid cannot malntain 1 n solution

pub'l%@%y SitsukhS. ehenaket bdTakashimael. QisnsW plshibata, 4. 1mai, 47 &abe,
T. O)@détwé @%Btﬁlﬁfn@at%h ofLight GasSOl B%ESaciBin @él@@ihs\f O%B8RINSNRd Solvent

ste S uriz rocess ecifically, the
Exradion EAgON i URs 4000, Ty FooadSHF ABETEhPecep. an
oxi di zNmNgDeheiylfoaattido(@ORi ti on step, and a separation
step mﬂ@ﬁ% a portion of the sulfuroxidated conpounds
are separated fromthe effluent stream of the
deconpbsdteniie st ep. The aqueous oxi di zi ng sol ution
used i g, kdige0Xi di zi ng step preferably contains acetic
aci d and hydrogen peroxi de. { resi dual hydrogen
CorersiBiesibat § e'ien%a fﬁ@t@nwmgetgf@%rpt aEPIVRIE R PolpEly ydip gat's
e%gmrﬁfﬁtﬁéﬂc@ AN bfah@fs{hl/emmtstew[ﬁ fme@aféae@mﬁé péwrare desnrably
ca atio .S carr
i P nEesiht hed s BeeCeie S et prelor st

sah@nounds. Per the teachings of Cabrera et al. the
preferred sel ective solvents
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are acetonitrile, dinmethyl formam de, and sulfol ane. A
nunber of sol vents have been proposed for renoving the
w@z00di0z88B sul f ur conpounds. For exanple, in U BT/P51065046849
6, 160, 193 (CGore) teaches the use of a wide variety of
S se jn.t t] . Of 44
S et kg, Wi Folds (F SELAR GBI stints fuel or
midle htiyes. AToe table referafion diesiosps Stat oridize lstliale desdeisiah that
ydrogﬁ eang)ﬁrrc%%dngbgr@ﬁpssﬁllef ém@m%@rmsm%vmafm@w&é@@s BY the fuel

.; Takashi ma, W ;
resultf S'HI ?]d’faguctlgn |n| H%pculafes gm@ted Tupompcagl?qu%n of the fuel versus
unoxidesu Fdelir | et keferende ldisglbéesCa spréidss afod sMactivein &adizifd lsatoyated

allpha%cjr op %;fgcgpor%bq'{é Oén\{ﬁ@heﬁﬁtthre&?&egge B@%ﬁé\r&y ti’[§i’1il|1:r%"1I %L%ta%aggﬂicon

based\z@qlis méthhydrexidasantate o DVFPINEPEaNde spaethehhydridygor carbonyl
group§lé‘-é’fgh§ébe Core states that there is a relationship
tween the solvent's polarity with the solvent's

TS B eieh ORI SREIYER/ &t oD diRioses) Gehipeess: ©f dhe j idative
desulfufigatibAtof Adssmnekis tieindd BIResound . EBrIEAE li§ad kossil a8l sscctd@mwém vtnth an

s e B SPGB FEATILAE G082 o
mixtueen tlltvesd by cappingf olirasoehe o i the Inyultiphask zéavgjord insddiunt ddrea time

sufﬁc:taHterlJ cQuseer?i%a(?n gf'sﬁgllhéé tgtsgﬁ neg— Wﬁg?%ﬂuﬁg%%eﬁﬁf{]xﬂgﬁg?
hief¥- B3ajant Analicgor: Buliisstipn 2@98%@%9 &1dhksrmen) disclasgsadnethod

of rerﬁ&nr@a&ﬁ?ﬁf EdthsounBd 66l fissel fael 18t ihithles 18FMhd Sxidifin gas into sub
redu t|on in ﬁartlcul at es genera t ed upon conbus

microp gize pykile SPeringkineReRbIes it floping %?‘%f“@h@é’x'd'ze the Sf”'f“r
compdﬂuﬁi@hrﬁse&lfoaldsé acdsissuff@ressel ecti vel y OXI di zi ng

sturat i.C Or L C .CO LN th [
L5 e L ab B af Bt ik € RTRBHIET R by il poohBimi
dlstlllafoaszeow@eb Hesuifgrizgition pmes»(thatsslpemzoinenglpy iwmnsge rhydrotreating
techn?lgggé( gglglvﬁlgcd?eétgaﬁyd Oc5r &ﬂa?&ﬂi@cht%lcgq@fthgtr é”nploy the

Pat ent
use ofjpxpengie shamical @é@@@gf%?ntﬁ ﬁ@d 65’8“1%*{‘? perfiastsaRiehandg and
Corro@én i&gﬁ;@l | fuels using uI trasound Briefly liquid

. nb di
SRR REPEISTHST P Rae el dnd MR BB FHESLS Jespirzaton
procesdl vihiepatase distitedd |feedsmcktiar®nfaoieuomﬂd abyoagph-gomajning gas at
t I
ox1da‘¢lcl E&%R?PQ (l:rE gnnet B'?Sgﬂél‘ahdsfggl ggﬁgﬁg‘?%ﬁ"g% s P fcwggnfls%{g & titanium-
contaigingf apmpesiiipn whereby Hhetrsierontainingesanmnguadsdin the distilpie: feadstock

are c&ﬂfé’r‘té@% Lt E&%sb@ﬁnd@&!fggglépggi@%gs A dordicher Wﬁi@ﬁ are then

di scl oses a neth renoving sul fur conpounds from
adsorgeanio "P%B‘ia“'tlﬁ‘a@”ﬁw& PEROFiThi ng oxi di zi ng gas into
sub

SUMMARY OF THE INVENTION
The process of the present invention involves reducing the sulfur content of a
distillate feedstock containing sulfur-containing organic impurities to produce a
refinery transportation fuel or blending components for refinery transportation fuel, by
contacting the feedstock with an oxygen-containing gas in an oxidation/adsorption
zone at oxidation conditions in the presence of a heterogeneous oxidation catalyst

comprising a titanium-containing composition whereby the sulfur-containing

-7-



10

15

20

25

30

35

m cron size bubbl es and di spersing these bubbles into
flowi ng diesel fuel to oxidize the sul fur conpounds
WO p06/031IbF oxi des and/ or sul fones. In view of tPET/ERIVE)46849
it is clear that there is a need for a | ess conpl ex,
e e i za 0
comeBfR Thg SEheh boordl STl S, 324 n OGRS ar
subseaqenty bdgorbsd iomtolthe titangmeadrrinnglcagesiticne afy éuaor blending

' ' t echnol Qqgi th th f I
comphAnbi B can eiLReR Sufita 0 egt TELRA R R0 Fem ppeoidation
zone at Trenslalfunes camal/@xs Utanidlei ¢em fbmdurﬁmrrresioyd :f&mtu ¢i%e lcih@st for

t. t or a.relatively si e
o G Wb B SN S5 el o B o
feedstock is contacted with an oxygen-contai ni ng gas

at oxidation cepgt bQQ@RiP‘Tl@@@_FDﬂ—ESQRAWIQéSa o
h%t er ogeneous cat al npri Si ng a titaniuncontaining
C I

st ¢o
BBt SRR PEBTE IR TOWI TR 06 AP RPAG TR RRSPFRent
inventipg distillate feedstock are converted to their
corresgonding sul fones or sul foxides a portion of

whidtFe drsboprensapseatisdlovosnasd of peothpt ampadinas oathe prgsent
inven§@fPOsi tion. SUMVARY OF THE | NVENTI ON The process of

the present invention involves reducing the sulfur

chigueh B ffows dipiati of| pareerftageldesdivrizainraverisig hours on stream

Bt W S6RTLLBARE 51 GR0 I IE00E BRRLUE R, Brooriance
with theinvesfiomery transportation fuel, by contacting the

f it A - t ai.ni [

SR FShp B AR RSRESAD SRR SRR s o
the pefiernanes ef cegavierated ditamiog sificates aexi fdatticmofdaiued yis steam.

C rising a titaniumcontai ning. co i tiaon whereb

CRIRES 5 Dendut, ¢ G R BB e B ubr SRioBlSh “Eaysts
reget%ﬂ%téﬂmeécc&{ﬁdémée wwﬂg frg»qhd@ﬁioa. ﬁort! on of which are

subsequent SO on to t titani umcontainin )

- G1aVER Pranois Reraiisct 6F OBIaSHRORIEN G iR RRGN GFaed out in
accofdaAS Rflh 3 piéscRORUERIoni S then recovered from the

oxi dati on zone. The sul fones and/ or sul foxi de can be

further renoved fromthe catalyst for further
processi ng DETRVIEEY DEBeRFAI@N YOH THIS INVEgEmenat ed f or

DRI SO g e S RIBr e URP b resFat onse
from ebrdvb @D it albfut t696° (hrereferablyi 1H0EN to ebout H0g1f?,eard rvbrevwsefarably
betwedh %B&til@éla%w_ a%%@f“fj:?éa& aquxgﬁtlg’sﬁﬁemg%ﬂ@ R kggst wéﬁlts. These

present invention. Figure shows a plot of percentage
strearge dneludar PetagrieotertVigtited sionyiains light raitdie Aistilaiel vitaimgeawemiddie
distillté.f 68 QfaigRdbRgkifd MELEENighOBbRIyHE NYcleasi, t &kEN&Ll distillate,
hydrogrgglge(?sdc'isthlgte?%gtoq‘u%?nsgcuum distillates and the collective and individually
hydrotreated embodiments of these streams. The preferred streams are the collective and
individually hydrotreated embodiments of fluid catalytic cracking process light catalytic cycle
oil, coker still distillate, and hydrocracker distillate.

It is also anticipated that one or more of the above distillate streams can be
combined for use as feedstock to the process of the invention. In many cases performance
of the refinery transportation fuel or blending components for refinery transportation fuel

obtained from the various alternative feedstocks may be comparable. In these cases,

-8-
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with the invention. Figure 4 shows desul furization
activity of fresh titaniumsilicate catal yst versus
wo b@spzrddr mance of regenerated titani um sili CBCBEESHE5/@46849
function of hours on steam Figure 5 shows the
Iogistigse §L5Uhf éértt\é gglb Q8 a@gﬂa'blxc(j{gtéf a%r.e%?ﬁ? loﬁ%ﬂoﬂ ‘%tf ltr%nne%%ﬁ 'ggn%te&lon 6and
regenerated I n accordance w the 1 nvention.
short-tgmesondiviceenfieee dejermingiiye as tooviaé preaphis ddlizghf uri zat i on

CH dricsd @(Htthlsrinv%ﬁ Oﬁg@g ;'w thd pitoh@cﬂ%%%ﬂbeﬂgmr\éﬁggdngfbn fuel
Suita

TAI LE | PTI
or b‘?%@&sf%ﬂ?é‘e'a &rigf &5ingm Hﬁ“slﬁa'éatPBffPﬁ'ef’?/ms? rugieiegisd (Refigleum
distifletd. Sutteapwddtrasted Katigee fsrmapakb by hidiotdtiag abmiioleamOd&Blate

. | 5 f
e e AT e
the ppirdewanrdistilale Widsta sased ©f hydihese atsthvérawatmmqspdétlorbum the
preseﬁt‘feeoiné’%%clirbgéﬁaﬁgn (’;Qtalyé’t' t"o%sgls! b)g n)trdr é#lg!lcﬁ] F\Qnﬁ)tvéll J)faéuﬁur and/or

virgin neav e, ui d cat al

nittoggh 4ER thgy hmre%%%d P?t@)ﬂﬂu”tslﬁtaiﬁy‘s PB“%‘?'&YI f@capmatm@ Sheeycrotreated
petrol&lirh | distifkts thyl dhﬁﬂl@t;onhﬁédﬂir@ﬁéi@‘ék %astdblfé Ioklvl-kﬁ:ﬁlﬂg Hlﬁfdlﬁgu&imponent

cons 1T T, SR B B B Moot B ok
consigling foéa salflirsith, vacr®-aomaticHearcbadtion.tin uecoad‘an\ce with vhela@abddiment
of . thgyﬁ#)c%tsg ec?t ﬁﬁ% t Srré?«?rg | Hfé?\ttlgn CEF:? nyHlloﬁ'egtg& a&léﬁ“ét‘é ﬁr %k IIomgbonllng

process
comp@ne@t fan ke @ed &A @u'rgb&rfgw e for mesqwqelsap@he ptesrs@t izMegtipn.

a@tehéfr'a@at &‘éfdi h%rdé@ﬁ‘et@ﬁ Mél%t@fcoﬁﬁﬁs@lé@wgaﬂ' &id |al:t%emetal

can se as feedstock to
Se'eC‘ﬁij 6’85& e@f"‘iphcé’”?'ﬁ’\}‘@n‘ff t%d trlaﬂs'?fﬁ‘n?)e’ﬁ%{g%g“ %‘@rﬁ%‘Pﬁ"éﬂéB‘e ofach
incorpobeted efifon@T nettraups@oirt ab iaemouihtusfl fram abbetnolil Ngrcent to about 30

s.for.r f| r t ti fuel b n
percepit (B)gﬁ&?eﬁqreﬁ \% rtr|1eo lth;s’cgla nat Iél\?/ %ﬁ@ (5'%? Is n%clurﬁ he d- ?ransmon
eleme@tmpalneaaer@dld Tatﬂmels@ecfaélewnm etynm nwmb%um rroras21tﬂoe?>0 39 to 48,
and 7Y@ #4Te availability of a stream |ocation of the

near est connecti on and short-term econoni cs may
débe roptahdic iregenatipnyAEgcesst ME¥nRe satiier| putednder rfe@H‘éeW mild

condltaﬁ@acta fixdd)i |nﬁ>vln@\fl©{dﬂzte@ Br Ql?Lm}éhﬂl@éﬂ dreatdyee PeRFakl b Gkeded or
rcatl on

pluralhh! Pip e o Shial oS dnde! euIions i dne SRR RrE geriods

elapsg defond ecgandiativn lbeadmes fetebsany, hpd egdmgataadadiragel tdaeatiod zone

' r I
eyl SEF oY, R % BB 52 BEERAYULEL Lk o g
400°Ga god on@eésoreafhrabh from Pheld L7pEat iyt BRE CGofar lebleigavlts, and at a
presstteSlithin t8d RinYe bi¥rén 888Ut 6% %oulﬂygb' é’c%@ Hkedlydr ogenat i on

conditions in the presence of gtenatl on cat al yst
t 6 eRriGurly prefeyad duessHie BiRoR SHiPaliGh 155 Y HOsARP G Prodes
extrerfiély rg@g@ rsuffirorsniove! WWH Miiriaing dh@ eimcahe umpﬁbssairel ardit Bydrogen

requi gl o R, i R BRI, PR, 77 STOsP UG daty e ieB el to 60
atmodpbeveb,ondre peeitribin domagbouigddndbinpaspbérss.i ng of a

SHgﬁHdgerl fi&ﬂbatnﬁ%‘?és%e%%‘ﬂ{: Fanbt $Brf 4RGE 5@NscBBEl 8 about 20,000
SCF/Bbl, preferably from about 2,000 SCF/Bbl to about 15,000 SCF/Bbl, and most
preferably from about 3,000 to about 13,000 SCF/Bbl for best results. Reaction pressures
and hydrogen circulation rates below these ranges can result in higher catalyst deactivation

rates resulting in less effective desulfurization, denitrogenation, and dearomatization.
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consisting of a sulfur-rich, nono-aromatic-I|ean
fraction. In accordance with one enbodi nent of the
wEe@eossIdf the present invention the hydrotr eBCBUS2005/046849
distillate or the | owboiling conponent can be used as
e e ;
Exces%Hélgam‘]!; réa%ggnc‘g F e% c?tfjcsrée Elé}{]&gr %r?de% ui rﬂ%ntgéaot%t;ﬁ gngdt provide
d'm'nléiﬁmaf’f‘ia%‘aébeﬂeé'ifst one active nmetal, selected fromthe

gTRS! RydFegtmiafidrl fteceRb plkalydoderAcSatta l@ﬂldﬂoﬁﬂﬁﬁﬁa‘ée VBo&iRBF from
Peri odi ¢ Tabl e, each i ncor por at ed ontﬁ an inert

about Dihyorte abeut Q. Odfifplu Rrefaspbly fr@maaemﬁ U tqo@qo@éhp hed, and most
prefer%ﬁ? F%gﬁ Qb&l‘leﬁccﬁﬁh o%/ al%(éﬁ%'t QW rOlf fo? IBESt rggl.?'!r anSI sY\%y high space

activ ncI ude
velocitigsamitb resylt inrredtm@d Peeralbllidcogeaiios. el ement s havi ng atomi c

nﬁﬁ@%‘? récﬂmﬁ&r\%ﬁ sticH hERroaldbmate s&lﬂdé’s&ron@ﬁ%s&ﬁat@ ‘ﬂetzgieun:r RSction

cat al tIC PF/’ rogenati on process may. be carried
by hya‘mﬂféﬁ NG WREKy Eairerithal the riieemoPe suRiegted | tRevpry rﬁ?WVH geatalytic
hydrofdnatich meside&rto ebnieHitint co@Podtids Gab BYdtsdarbdns &he hadrbyerbsulfide

(25, JERCRINGEe HraBiay Rurbactin oG At mprR AfiGIAEEP hicfogenate

the HUfideOdsTidrepEs el GEsRiuBE gRGRoAITGN cBRGOIRE RERSSIAG! Xiter a

nyaroy R e e A S BB Rl TR ot about
2906 the feduetock BGONE)-baiing digiidte raetforrdebved ffano hydabgemetion of
a refin%})? gtréé?n ath %flnéng/os@feglr(ﬁrca*ﬂeo%t a {SegilaF §onhr@%tﬁéegaab%{1?§§d"& &nd

rom about

about 4Pps p‘?f@feé@bly t&e pefirervetiteam opn be &f reateda) bpitiegs beiweer arayb250°C

and awt homoﬂehd:moté\&e@m&%ﬁn@ba@@emm@t e cantaesmiyseood
nim zi n%ptdhe anmount of resl?ur e

= e R Pocttth P B BIeREARY St ARt evek PO refnery
strearsd &pilisy & prrasgufres adotihb0fCt toealioain §80°Cf, pl’éiertablyG(BO C to about

400°Catémsg‘ﬁ g)?e.fe@&eb&wgé aggdty1';é:’8 n!m%Pg%ut 2?75t’8 .?t atmospheric

at no rogen circul ation ra enera
pressiran g’é\eflngbw hysocartzM0coBOR @it int ibe alistilate mdocloar@@aﬂ@wly more

profitd® g'e:rfe&f\é@ EE%QQthe %ré%@ﬁce%’ﬁ‘éé@ lovle? b@ipr?%%aéﬁalg%odlstlllate

referab from abou t o about
fuels p3fignoBEsATSS| Y Gstiiglesel feshppigt Sneciiertions, bieayeupiocarbon

comp@tmtshwirng %6v§ howel At lg@ﬁ‘erélﬁjt ra5retmbﬁww B@%@ss@@%&ﬁud%lyuc

t t
crackdreiep et dpMBiya Gelint i i Bt it (PR dnd, BTogrss OPtne
presewtnidvehdian.oMitel grasence .dbbeasshydedcarbdon glompeaeits @ distillate fuels is

furthePéo%%ﬁ%ﬁgdsb)} &&THS%%&I%H@F&% SEPEI bﬁs,"{f”t TﬁgStS and

h%ﬁ digtitede iffientiqne d@rebasﬂr@gppawl 1323;1 epenrise diglnend Iaw quifug virgin

dustula}f&uaérweé I%Fnehuyﬁl' ol IBM sgl?urfc?w& akst d@’tlll%té%r cétal'yﬁb SRt light
refera rom about 0.5 hr~1 tq about

and hga\g ‘T’ﬂtalﬂt'c Cyﬁ'%cP"ﬁD%“ld %%@?%r%@ RS RraMStR fram dArecrackes and
resid IRedtieattr Caditiesl @@feré)l?sdokérecﬁﬂilléts anEméel@ﬁt ared healy edtalytic cycle
[t in e duced Quer al |

ties.
oils arﬁﬁg? ﬁg‘?ﬁ‘}_’) ﬁ_ronﬂlp tf%edrs{oFg a%rEPongH Ofangmg ﬁ\s igh"as 80 percent by
weighh etTéueomaJomyt pfccaket fistiete Bndrryee dilsarpinbtigseargepresdng as mono-

aromefti[:§%héj QAfaromatics with a smaller portion present as tri-aromatics. Virgin stocks
such as high and low sulfur virgin distillates are lower in aromatics content ranging as high
as 20 percent by weight aromatics. Generally, the aromatics content of a combined
hydrogenation facility feedstock will range from about 5 percent by weight to about 80
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by hydrotreating would require that the stream be

subjected to very severe catal ytic hydrogenation in
wW@e@en71703 convert these compounds into hydr ocarP@bns2085106849

hydrogen sul fide (H2S). Typically, the |larger any

ool SRR AEES, i b0 YL b W o gy oron o
weighg ragéms‘ssfupif:@lw f@ﬁhWh@féqu@mﬁthﬂghtéO Bbeut §0 percent by weight.

hxédmtcbﬁéemamn .ﬁe@tutalfbefréc%&arseﬁm tn@?.teséfttrr%ﬁwnaé boherally a
nder ed het er oar gnat |(ges Wher e eedstock i s

f”nCt'?ﬂ @‘nthSd'\'qf\ W@j IQ<SUityn CHee mixg HE; ryﬂro(ggp?tpadzap?%of a reflnery per
barrelltf dfuag eagdditp randfthesalteedaitived |yposlilblﬁ§idiﬂdlsttlhla?(e hedrogehiation feedstock

compgr}]eg?s bou, n Ztgqin 8(? e(j ﬁ”at éed%ﬁgk C %n\%%]'\t?sa{? gf%ggllg%rgm

a era e rerrner
distilldies derivad &omaltighp silur ngld@ectomred*cstd@t@atar@mlsaln dyeldois frargduid

catalyg cré’brllﬁlu Wl@ i%@és%fn leati 'higfl%Gr Q@M‘B@st%&b't R @stflate
ti

efu dis late fractions
feeds’ﬁ’yﬂﬁ@@@ﬂ'&qqt%ﬁa%dﬁ”%easaﬁﬁghoﬁ‘?ez REERFBE &Y | W%thaﬁf"Fm‘?’E?'lsr‘\‘g\" but
generliy’ RAHS frB@i dbol0. 1 PerehidiydesigHt ThigdR 019 SHE b waigmuélemental
650 0C, preferably 1500C to about 400C, and nore
preferably between about 175C and about 375C at
aNitmgpih eontentprf dstilateefractibres dsefhinghe hrederddravebitom is also generally
a fun&%%? ﬂ%nélﬁ?éd%l (I,Jﬁ?eng bfsﬁwlal Eeollp{hgq'\vggoggﬁa?lgg %ESJ&W ky a reflnery

recovere
per b@frelt ‘Pfe@féd‘? @ﬂé@c'tboamcl the ﬁlmr@tw%lldwpﬁtmswﬁ ﬂlﬁwﬁt@ hxﬁ@m@na’ﬂon

feeds’co%k Q’fohﬁ)BnSfQQSt TRd mep)ﬁltl%bgﬁ 'dlétlﬁét@ feb@todks asb élé?l'efé'ily coker

fications bon conponents boi | ng
d's’“”aé% 6{)% t%o‘%ﬂ?'ﬁfcecyﬁ'éri’é? aITT‘?Fen‘i‘ﬁt@a"E rf%?qsf%bwmﬁ?’&%‘é%‘?é‘d“aé{% otal
nitrogbh doriteR@dthy tangingras tigarasf20e0l pgn cbus geneslyadngediraya aisdut B@pm
¢ abb%%) f;]\re anmenabl e for use in the process of the present
©abg % PRBn. The presence of heavy hydrocarbon
cOppcailgntsiifim adimpbindsaire detrelesmi dratlignshere celatitalyaineedpolar,
heter%forqétftt édl#o%%esut:ﬁ‘%'s sab ltL‘?&LB(&J\rzg@\g%‘ngﬁééaéddo&ﬁenzgm%phenes At

racti ons ation can conprise
first hlughh itamight GRPeall tak hetﬁfogrqmaap s%“i'fF’I §P18ROYTEP i qpEl b SRlectively

extradiéd) Baséﬂngn |s@WeSéHafé¢ferl§ﬁdJQl&ﬁ)ute@|0dﬁW ol ltlﬁatsé |He&$r@é‘romatlcs Even

c, cracker |i nd heav cat tlc c
tnougf e sty e B P Freseriunds s anie R QG o Siffrons which
wouldgialsig treek e adrdisr iese dthis\uta@tiedsticas sﬁlamtlsufflceet for them to be
er, d
ex’tracgsé“:c{1 %{/ a% !_ééw% agzlﬁe 0| ’@E'Jar é@% hsée‘?%gv% Qﬁ:éc{tﬁ?rwof ﬂ@t@nﬁ?oq?@ﬂc sulfur
compfnwbéo @clklevmhweh@mls of sufkylenyiressg rhatghdlﬁsres@ lpeml?éltryt beyeen
the stRle® Bhd thENGaRRE@BAL.Y of coker distillat e and cycle oil

aromatics are present as nonoar onati cs

diBY dpesnatef dhe Wt%rﬁg%eghfapq’@vzeﬂmd%w %ﬁ‘rcegdmwé@s invention, it is

pOSSIbléltoaéélH&Vélﬁ?con\)értr fHeBe SlLIIGdES dh‘sétﬁlﬂ]l tasintd| gh)raﬁﬂlah' OMéwis basic,
fur vir an Stlh at e

oxygecpa esH fur s_8ue aa ﬁulgog%ﬁﬁ aw@%@fgﬁ?s Bls'lcaga ﬁq?n adsorbed on

to thar tbtamwschsa Sabgmabmtly, at Hesubiurizedt iced stoek dstreadvesed from the

oxidaﬁ%s qorh%gr{ Q480 @El‘eggﬂ th@ r&{%agél of ﬁ\@%?és%ﬁgla%rltlbn 5RH Qgsults in
percen per cent

the oxiggtighend ﬁ@&?oeépttoy of el mlwosfeﬂ@ﬁmawmsr@@ewwe@mn hgysi Wta@ﬁ@uslv

sepa@@dmwﬁe&ﬁmps&rﬁﬁmﬁg Qbéclé@' ght and nost typi cally from
about 20 percen

t 0 out .60 ent .
T ComGi iy WEiSh SR PR NPT S 3 AP B gmines.
Heterdaehatic aminkl arepdlsseniid intivesdneosiream tatrtee abbdvg salfides are found.

sulfur
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function of the high and | ow sul fur crude mx, the

hydr ogenation capacity of a refinery per barrel of
weewdo7oapacity, and the alternative di spositiPCEUSS005/046849

di stillate hydrogenation feedstock conmponents. The

Aminbd gr@%oé%a@fdﬁhéﬂ ﬁlﬁo‘eg atTﬁe flc%%q%ﬁ%‘? Kie gﬁ’?ﬂ% cﬂfbﬁ%g E;fronsted -

genera virg istillates erive
LOW% PERfe <pre’<y9ne¢ccapt§'t)| 39 webss %ul»rsvv@affaépy«ele@tr@ryéw@r)o| |T§|s pair of

electrﬁhf)m fhk Widin Aaked i Wulﬂerg@fb][@xmgn?mh E%nﬁé@%ﬁﬁﬁgﬂﬂstulﬁldes

ativel ur eedSst OCKS Se | ST

[ b Be cRtpbet 8 Syl BroviER of PSR 4o e oHibR. relnery
transpesiatiort fuel enblenhdihg sanpenentsufor gedinay dtanyparatigre flet, avhickbiacltides:

provn@nglawlaﬁg to\éﬁ' er%rlstlrg AReUE e O %y@?&%@&i %)r?/d %[\ﬁijugggntaining

enent cont ent
organiq igpulings C%@fﬂug thmfeﬁﬁﬁoq!fr\@glean oXyagr-pentaning gagiseeh as oxygen

deple&@%ﬁﬂ'ah)bx%aﬁémﬁn'eqm tHef prédeBcd bt 4PEEARLER %t@ﬁ}gt Qnphilifg titania-
silica avé’n*c %ﬁ%:slarveéfas%ogggtgtcéq%gus%a agér{] epgﬁft?(ilﬁl:;lgﬁlll ggjged in the
presetit $eistion) tirs cafcediratioh | df adxggdry darogeneds hanfaRdsL06kKI.%. The -
oo 2ERERIY SreplTTe R EncllialP 8 ofehicon@hlon T ees! €6t e %
An eftsiclive caﬂh@ér@tlm istfiom @.bdo fleealstoodlke cgeamwrttasstmalredﬁmalr and
inert EﬂUeﬁis §UCF1 ré%gﬁ{ﬂog%ﬂni@%&f ir8d.| QRSN GG |ﬁsth9'aghre%§|{¥2rgg%8lze

enera ran from about 5 mto a
Certa‘B ﬁﬁwpwftﬂné Cib] 9XP'%%Mefq5'F %Wegn Pﬁ‘”ﬁ)@?’? gPrd@iRing stream should
be sdidofat lo%\&ncﬂéﬁaldsﬁleaﬁegbﬁé Y The rbxpgtén&fontahﬁigew@&m& Icfrculated in

fid ed b
s Bl Ao SR R BB S o ¢
héte pomsoadn the csmdahon/adsomnommh'e couholgedieora @neidnt 1623000 psig

B SURS30 1 SO SR 10 Dl 6 Gl

aboutj390PRigse conmpounds has two, non-bondi ng pal rs of

ehﬁsttér%&am Elhth\em*io‘étn&b%éﬂpﬁé!n E&g&% M#rg r %0°F to

his characteristic is stil not
aboutyJODE, Rigierahi e tapout A0 do AR 500 ¢ mqst atsiatslly from about

3000%Ia§55t|4\0g¢ext raction of heteroaromatic sul fur
mpounds to achieve |ower |evels of sulfur requires
ng B%P@Patlﬂ’ﬁﬁdé?féwrp?ﬁsﬁ Sf teinrssepipyRndian eprrateg|af pdigud hourly

spaceaVdlodtof fryfrapear 00N . BabBBRITd KT, frbRrdb8l PR ABBRWLS hr 71 to
cat al yzed oxi dation according to th| s invention, it is

aboutffs i 1) @ng gnask Pesterpbie (fipmeahoub PE hrhde @bewl] 10 esfor best results.
Exceéilvé Gigh¥sphée v cRies WRN BsURGh %rducéﬂeﬁallmbi%nl AMVAss iR

S, e S Bt S o
distillel tseeigtoeln blaheatirdestap.f The zidiidte skdstook ks br&héeﬂé@‘wﬁfeed/efﬂuent
heat é)[cﬁ)éneq%g r%)r( d%ter?rgf & g%ﬁacetf {nanregcfaémg Ij éa%’rfj‘étleﬁ Ir]e%cH@ zone

1°Rven
’temp%&tu@atmmdla’tﬂkat%@swmh @n hef contactedi withogre nxygenicantaining stream

pnort%Pcﬁfﬁh&San%r‘éfﬂe eggngs_l mul t aneously separated with the
fur-contal n| ng Speci es. o _ o
Smce the oxidation reaction is generally exothermic, interstage cooling, consisting of

heat transfer devices between fixed bed reactors or between catalyst beds in the same
reactor shell, can be employed. At least a portion of the heat generated from the oxidation
process can often be profitably recovered for use in the oxidation process. Where this heat

recovery option is not available, cooling may be performed through cooling utilities such as
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O her conpounds whi ch al so have non-bondi ng pairs of
el ectrons include am nes, Heteroaromatic ani nes are
wabk®e/nfoend in the sane streamthat the above BUI/TBH0F046849
are found. Ami nes are nore basic than sul fides. The
I t r Yo G
coohng%ﬁerﬂﬁre{) r g{] tthL@g L{sg?ﬁ a tﬁféﬁéd %ﬂs%n?l%legteﬁ tﬁ%gtfrfqto thé P cHors.
Two- Sé@ee@f)?‘%ﬁﬁe%jé%rpfw'dﬁﬂeé’uf% femperatyre caxetigEM dier trercteit Bl and

provideBeasr dxidavieH RastableMpbRtupXtdhdbl. on in manners sinmlar to
this invention

fides. d .
o e S Pyt op 2B, Bl R enieBy revieh e et resm i
directédital a sespdtﬂltmmhvmg tc oempavedahd sxyigen-cohining rges which can be recycled

back tgrtﬁfﬁr‘a?a Fo é}égtéﬁlc‘?n n%qias %ﬁ ggléq'gf% is ?ﬁe%vtjzo%rgl%d% maintain a

mmlmhmrd@ammmsoxaw eantentin theraasi pasery orthaneactipmpone. t Reeycled
oxygeﬁseaﬁtammg%shb@eﬁ&g S4b4 fbueaeﬁaéaﬁg&rmeme@ RAth ImG@syp

such as oxy 'eted air in an oxidation zone in
OXYgep 1S %Y%%‘é%?& "‘mg %ﬁ% Baerably i) cad dnigded e Ripergs for further
oxidatidnt ani asi |l i ca which al so serves as an adsor bent.

CROENBReR of el Bleitaf bin SEPriAE R i dob AT pBL BRR o
reactiorhzome &bown toxhdsevskilieddn thé ert. oy getance rthaienctivg zete eanconsist of

| f .

one offiElESh@T by A { TR 133 B0y BRDEbr s BlroliG3pbatast
beds. figdifienally dhe repeiog z9asscarahe HAUIE bphreaster.fsiusm ai fickde fed reactor.
The slnﬂﬂf&atlglh InbishBd By BléClded$ ametér@aeousfcaiaﬁs,%uwa@na fachatd BO&Rye of

hed in the art readil re o nize, ,certalg
less CBBYﬁS' 3l PBRGaUNE fandye PEecgRs ghifet %SGEBW%%‘P?'l QT gystance, it is
conterapiptpdrthataind prionéssgof sher imaentisoan He barrise betcdreskid moamed dnits at
. . 0 nij
oGP 580, GRS LA 008 v
sulfur sergittia hidrocdsben efssmersand fizat eells areTéraplpyedssure in t he
oxi dati on/ adsor pti on zone can range from anbient to
308 bRlipypdpher B?tSBHg?”?WEﬁ%HG? ‘1’@?@“1&%|9§C‘Pr6'”gb§9ufhe4e®sent
inventjo®irgsultsdT tae piredt exiddtion of a@ortiab ofithe 30€ur{eshigintng cademitt imp(Mies
o 0o fog A SBRSELA B TSGR B0 B e
adsorpedyip QWK EEIPFE OF to about 5000F and nost prefer abl y
f Famtha lpatgos&D BfFthisodisdiasute heQBim “okitiation catalyst” refers to titanium-

contaiﬂ?ﬁéﬁ*@atté'r%@s%gﬁ% ption process of the present invention
tes at a quid hourly space velocity of from

about AMarpRgus” T'?Waos'bq?oﬁ‘?te!ﬂé'é hthese moterfals amst Jescriggd in the
about revidwhittick bHyoGabdapnd WHthéiin Catdlysi@maday st, 19oef 23384y Ti
from 0 f I
om0y o 450850, S, By R 654 b e
reduce‘@%ﬂﬁar al | oxi dat| on and adsorption. Generally,

the oxTithabiinaleadsne phdteialsdr Suvess typé of thesgmageiak are known in

| nventy 0f gL W bt 41 5kirlibakuEASASTAGS TizswLas, Ts-

prehea é_?/‘q ég
i n f ecd/TEMAMESTHYESAL Té§@ﬁdﬁg@r"§MMr TioWV% TEftUer-1 aed 5! HSM
f ur nacge fsamel oMidbsepr Fhesd magerible weré aleg@ibed ifi &Rc Fdvizv article

Zone t%}‘g&f ‘% ﬂ\y SIteyga?‘\d %g‘cﬁlé ln’t%trr%eé gtgg?ht ﬁ’tgllﬁur%aghcgt% molecular

cont ac
sieves” by Ratnasamy and Snnlvas in Advances |n CatalyS|s 48 (2004) 1-169.

3. Titania~Silica mixed oxides containing up to 50% titania.
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prior to, during, and/or after preheating. Since the

oxi dation reaction is generally exotherm c, interstage
weowbioTig93 consi sting of heat transfer devi ces PEL/VEENS/046849

fixed bed reactors or between catal yst beds in the

Sane r&psttRE aBdﬂe|dataly(ﬂélFhaheﬁ‘lal%l’fli&t%é@é’subﬁctéd&@%ﬂyléilon treatment,

porti OQS c?escﬁtne IPEQL e'r%nl% { 5//6?@5&)5@4 | dati on

process’ can often b€ pro d for use in

t he oxi dation process. V\here this heat recoverfy option

[ Ereifﬁifeda‘%f&?q"éeoF'@”'Uﬁbﬁntwwt%@'spﬁﬂf e rPelgciepr cm I’ﬁhe group
consigtif@ bf tignitthislitate e8-MOM BndsiGpasi Nng water or air,

f h. st t t
VB L TR AL B A o
aboutt1@ mpewvedndroan exitéleatenitpgenatierattoleves bebdlovaaltbyp l 0 pprde.

b@‘%ﬁ Llyoﬁﬁ% %%}Sdeﬁr&oﬁtgﬂ % astls c?etd%nﬁl e %Jdg of:lf -Fhﬁe 8 esgnce

OXI 1"on t1on uen I'S genera
of theenxuiatlwecaamtureme @qdaémﬁdsgrpélm etecntit tb\eepxsi@tm%dsgwptlon zone

efflueSt@¥hh@s Taq:réd;‘e'?@#ﬁleﬁ REIFPEYRBR oF PRRINAIE viIRS MIIERLS §8Ratalyst
be recycled back to the process. The oxygen-contal ni nges

has re@a%eddb? a@sweatcapchv B% lpefing o ihe BIfieeperiss fad-Fulfanes gr sulfoxi
m”ﬁﬁ Mt/ HA8orH IBHNT AP Vig @ifenClaREre Bt (bfl’betr\h@e g re@@ﬁérﬁtédt OThe

oxidatof el bl ER B el atied P AHEEAT BF Pioit et Mssel fethods

include rrighetenperaung geddation aix gaeiion mckiding ragtega@ra(twaeﬁabahﬂ §00 to
aboutai'Oba) ’de@%gs 'Cn%r?océ ?%Sétﬂ& f %B@qh t B 8 BoGt T o sfléJirn thgr resencebof an

oxi datT on. resent |nvent|o
oxygep£pPptpiBiNIHaAs; |f‘r'9hatﬁy’P§r@FL{re EYFOQ% ﬁT- FQjIﬁ*It'GU% eluding @dempeygture of

about Z3D0EoKAIN 1000 LBGess 8Kakd adprés&uiteh& adut oF@r abhduBfoBNSER; high

ction zone can cQ one  or e fj
tempef e RGeS R Sl Bt bhS Eeeaethoo
degrepd Ir ahd tay prebswatoflapsit 25e tbs abdid diot atmaﬂaﬂeyest methe e@edanod of a
hydro e%nc,eon?a‘ﬁi\ﬂn£§asa.?.ﬁé é‘gl\%npr%g?ﬁe‘?gtfb or, slurry, or trickle

eact ication inplied by the use of
aAh eaftectivge aeloent I@av@thm wh b doefiensd] pthert @olar salvgis gfuch as

acetoniffiRS dfr NG '%hf’f@(ﬂi%l s@ﬂfélnb CalekioBsia iy B erﬂérﬂcﬁﬁe%tl\%f in r@ﬁormg

resent I nvent |on For |nstance i't iIs contenP
the °¥'¢P3P“tq?éa'¥ﬁ‘ Gseandiallyr bagketoj ifp, ibHiel Bsivitan The %4 é?ﬂea‘ér?t'on is
gener@lw caltied g HNdoRditiond ihdudiig 4 &mPefadire 0P ebdlit Beltd Biesut 9er @@@ees

d f || t hj
e o e R o S B e
such thel the liquid hem‘}yl spyediveldcity bissobvehi ie wethtaile ndit sutfogeomeentsation in
the eﬁ’l@érﬁl %@(ﬁrﬁ?tnﬁﬁqag@gé&ﬂﬂeg &%%hpgdfc&u’?hfﬂap Eh%ffe%&ér?ﬂ’o%nﬁésogeen

resul ect oxi dation o
essenﬁ@!lyfoempk%ﬁﬁt aining organic inpurities to their

Cﬂ&&lﬁ’&ﬁ%Q'pF&S%' f/ﬁPQﬁ)e?dﬁgﬁ @4n BalbdmXd Qlﬁﬁo r@%ﬂé@ta the catalyst
| fones and/ or sul foxides are then sor bed

at the elougaondnge HEIIAR RGP of ARG dPA I B0t S04 drareesFrand

a pressard ofad Itcoabamwalpﬁat presﬁsxﬂfesr Bieblq bhé aﬂdmnmdad@»rmnbmgone will be
| s syc r s Ti h . .
used ::@t esuglljrsz_e #}1 ge% erl Q%‘ocﬁier dg)géaﬁ%gf%g?or {io zone is being
regenerated after desulfurization service.
In order to better communicate the present invention, another preferred aspect of the
invention is depicted schematically in Figure 1. Referring to the schematic flow diagram

depicted in Figure 1, a liquid feedstock from Feed Tank 10 is passed through conduit 15
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review article by Gao and Wachs in Catal ysis Today,

51, 1999, 233-254. Ti concentration fromO0.001%to 50%
W@e@aiTL79ANny surface area, any pore vol une. 2.PCT/US2005/046849

Titanosilicate zeolite materials. Several type of

wherd RRSSFHEAES 4Bl 8 kA Aflcd 4 Ll 14 Bhiok L g%ﬁﬁ@’talqssabout

7 molg pergent\gNgerBor mfenvbw?» mole BEREMt HXYIEN- MM Ti -

TiThd l{dl%hba’@ﬂ dmi’thré‘lﬁMll@té@ af QRE féld & m%asgébet%eog%g&?éo@béhon
e ctive

he reV| ew artl
zone ¢f; DuBR4BEbPT o ot A a7 byt s Arpqshecand o
liquid ol spaae \wlogine sf 0.5\hrRat petaanly 4108 'Sr Timé ¥@® tam be a fixed bed
downq}gly HIGR? g)h?re%é HedPbsy 4 déu?sotgdﬂl AP the: re?cto =$jgfur-containing
ani a- xed oxXI cont al ni'ng
organiq spgries. i the [feasistogh caranidized apalhglr i @rmmcmdmal sulfohest and/or

sulfo%%l’serhéé@bﬁfotneg ahe/os lshl?ﬁdx@%é Qe iﬁe‘ﬁaéd?,ﬁfbted té%héi%{%ﬁra' Hed in the
choebrechts et al, in W 02/ . Preferred

Xty RERRIR £t FiecEIRn 4T YA e ¥ B @xaloniageorption zone s
operasazl IBGtrﬁahnfef sudhtthat tigs ALEPin GamSdratlitenitrads tid &xdditiviMadsorption zone

f th
D M T
hour q:y@leectpecaﬁlobedltbw fadsistack tontaipingyuphal 5e&pprag lsuiér end a product sulfur
specnﬁjc%ﬂbﬁ h 918@ damd %)n?wl AH&! 5 94 h&ﬁ' \é/ra"i‘igl‘? ld%cl% @ggﬁﬁwdts%rption

nera e oxyden-cont al ni ng
zone ?%wovlééaws%h@du tnﬁé,ﬂ peeste m@@n@wa qiﬁe oas'séafwatqatﬂvst The effluent

strearﬁ @ﬂ ﬂﬂo}vﬁﬂbxwé’uowéas&?ﬁ'idﬁ%h@ pé ads&y ;fgs‘séﬂ"tom%tokl Qltﬂhéntts&?arator 30
atl on/ agl({,c(%gﬁﬁl on zone effl.uent reaches

where 5 ISR P9I GRERARENP FPYSTRY IR YiniAfecvcle gas
stream 3diicpesesd tdnackdua Dyt 50 adereeaditiehl tdwesuﬂ‘&tS;brbMt is recovered in

It t u

sread AR s Hoo RSO 8L v b WY DIVE o5 BRF LB fiefen opppusssor
70) and regyelad ttaklem owdatiopfadswptianczong radter @g@ngmaae @dditiariseof make-up
oxygepxi dation catalysts can then be regenerated by a

nunber of procedures. These nethods include high

t E0RY atdéb%twéilﬁfélbhlﬁﬂs@étloﬁ%ﬁ% tdoflﬂsregéﬁéréi@h Ndodd. In this case

er at abo ree

methgs 3L hfRed ot AP 75 SEe ToBepa e Th e rBhReacor
Vessahf40dn regengeatior ditiaiondendo gasarb Itheghd soered esutfoneseand/or sulfoxides.

This @é&@ré{@hg} (?éo es§ %qu érﬁ%g g%gsy%\‘ Q% /aoF %gpa%rsalbgé @ulPonFs and/or

abou egr ees and a
sulfoxigles LANdD essentidlly UiehioE s adeQﬂOgiﬁqﬂt#Wpéiﬂchtadi;@pﬂon capacity of the

cataly@ﬁ/ it rﬁ@tﬁéMnd@ulfS@%d"dr%U@oﬁo@QJcHQbiﬂgng atrb&HPer @ttl’térnepassed

about 500 to about 700 degrees C an pressure of

toa Saﬁfad?et@aj‘oi tnk bsfere & %ﬁSﬁ%fﬁrF@wg@ 9 where ﬂgﬁ @g@ﬂ@é isyfecqyered

in strdamdsazog@ﬁ a0/EBteRSUNo Mg algti6Y; schMHe@ memmbi steganaer axthrusam:.asteﬂﬁream
|ve s s believ oth

d
s rofleRr ol i, A8t Bal Bao Rt oo o oy fofer o @ distlee
hydrosedtéroxioffesite $arlffirtiiea pocessingt Tie daspoptiomyegbreraiian daarbleycarried out

at theesfatr%cﬁrééé% é {hg%&ﬂgfld?\%dts tl i éﬂré?ﬂr t‘ﬁ@td@g on re eneratlon is
Ve FRlongegens

carrlefi Q@féﬁé‘rlﬁ‘t’ |pfﬁ§sw§ equnvalent to the pressuree}rcl: Ethlevdlls’tﬁ/a’tlon step The methanol
feed rate can be the same feed rate as the hydrocarbon feedstock is fed to the
oxidation/adsorption zone. It is believed at least ten times the catalyst volume in solvent is
required to carry out the desorption/regeneration process. Subsequent to the desorption step

the oxidation/adsorption zone can be dried out to remove any free remaining methanol. After
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generally carried out at conditions including a
tenperature of about 50 to about 400 degrees F and a
w@e@ssmes of about O to about 300 psig pressurBCT/HSIH0OE046849
contact tinme with the catal yst such that the quuid
r int ai ne
the ofiilob O RABHA R el ABoliEh rurk, LAY B0, Bl vong
a 3% pevgsnstear asd viihaielydiug badkiysarvied. t he regenerati on has
bﬁsnaaﬁ&@%h@létevuﬁmbﬁa.@gdof N dirEdeAD R bMioR, RIS ould be

eration can be carried out to regenerate t
how %WS% the empedimgts dlkstiied dhaieptes fetal e MRy Exgmeles described
belowt enper at ure of about 100 to about 500 degrees F and a
pressure of 0 to about 50 psia pressure. Ideally, one
oxi dation /adsorption zone will be used to desul furize
t he feedstock while an®AWdPLEXi dati on/ adsorpti on zone
is being regenerated after desulfurization service. In
order to better conmunicate the present invention,
afoftRBiHMppiligats usad 8 Jhe tpresent fwentionens it oxigatipspratelyet and
sulfor&ftshﬁdimid Sddlotbent WaElpgéHaﬁadlas f3advey: I BHM ghind Bﬁteﬁﬁ&lﬁﬂﬁmoﬁhcate

[ ramde cted,in ure 1, a liquid f
were pidal B oR SR E e et udiedia s damischotay @sips ano
formedstwpliabeam&dthamb layerdebingl thé tetradihllotiegbiliaate: SIBO @@amsLef 10% in
HCI V\\My &J?ie whi %§§%lﬁlﬁgtlﬁlt%swgt?9%&er ‘I‘Ré %ﬂcp?ar ”\Fver‘”%}’%{%'a with
er abl ercen rehea ed
Stlrrlnmt&tamlé oX ClehéPt lé@lalareﬁct@ndmmeié@l t@mthv@ﬁhpal@g@dfotmed a single
layer @hicHal foﬁ%ﬁ%qﬁﬁlh@%rﬁﬁa% &ar %lbfj%él' oﬁ‘{eaeél%@st HRY at room

Zone e operated at pressure and
tompEE e aiRIOHYE A PG 6 SPIE 583 et vt Wereidtofater 1o recics the
amouptr &f@r ahé y:aﬂaly@ﬂ‘Waslthen Ghet aentghtanidee A Trexsdid lasl optionally be

. 0 ctor d cantai ns
catinfd Eo0Y PR Wl MBSt s PF P Bonc al mi ng
ofrgramt@mapshnaetsatalysts heptred ds tdeséribad ebovd Wemeahalyaed bed were
d 0
mosti 00 R ST R apdatant & Brahed el BERBrraions of e
anatagg pRHNYPR Pl TiPaas phavmdn d2B1@At i on/ adsor pti on zone. The
reaction is exotherm c and the oxidation/adsorption
zone is operated in a %such that the rise in
tenperature across the I on/ adsor ption zone

pr efeealpl y doeg not \ebmeﬁata%T The  Avg. cryst. Size, A

-3¢+ u’\"il nllnla.doui I 1 2od t A handl o A 24
'JIIUII L \/a'll T ZCU LA Y4 1 LILA™. LB 2. = =}

- o "Hp) N - i

hour ‘Cycl e operation with'’a feedsfock contafning up to

500 ppmw sul fur and a product sulfur specification not

v b Aaveal

+ () 41 0 AE 4+ 4 oW, [ P o o
O EXCCCU TU PPMw—AT et Z4=nodtr—opet-at CyCr¢E;
oxj dation/adsonption zone 20 woul d be swi tched

off-line in order to regenerate the oxidation
catalyst. The effluent stream2 1 from
Oxi dati on/ adsorption zone 20 is then passed to Reactor
The ﬂm raidyts w@rﬁaqr@{r@rm gonafREAE Restiow haffayrPopidetRatiems were

meastie € BAll larmgako IAPaRsthetbSudirany Stafdhrd eorﬁ’gﬁ@ﬂm Aataifst A was

t to, K
plendGhiitEa i aoB R S i R U © 4 Sk Pl EpeA it
and thetpadermré&theapdedaQuaritatiob phaserapalysid 2as sarded eut by theRig@eld

metho@q,sﬁgg%sr&conpressed (Conpressor 70) and recycled to
the Oxidation/adsorption zone after appropriate

addi tions of nake-up
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oxygen. Figure 2 depicts oxidation/adsorption zone 40
in regeneration node. In this case nethanol is passed
wo belagtvstream 7 1 from fresh net hanol tank 7BCT/US1008046849
Oxi dati on Reactor Vessel 40 in regeneration 40 in
order to desorb the adsgrhpsd syl fones and/ or _
sul foxi des. This regeneration process can renbve in
excess of 99 % of the adsorbed sul fones and/ or

sehbavharsl eedpeepential ly restore the oxidation
actrvity and adsorption capacity of the catalyst. The

mEtlpbsfale UBRIWSIA Heatkioapi@lute dhg peormanceitiad watayst with a
350 -%amr.-ébn?!aihiﬁgdh'f& H%%%l?erfi‘xef@og-aéa‘?mﬁ%a t&%@@k%éfaa{”foﬁ inch
e tisp I

ore i ssed to colu ere the nethanol "Ts
lengtih 8cyOrle.ox Pr38tingnhiP9oR 0Ee6dninah weadlt3d 6sSitiintess Sted/f wibing. The

' . Thi S ream.is
escSUIATARTTS AR BLERE) ke SLPIROh Gl SRS o
reactbry wiath dnsidk @, insdllated, fusmace doxst iMheateenpeyatucasr efathese aections

wers CGEARABS, 41 L OG5, O, FR0HBL 0 g, pore

thernmaotiples @ni ekdh ofnthadeacior wail.seBli@iser maddditidrhes 0.125 inch O.D.

sS85 U PR B R b ALE R BhRobB rom the top
housed st multiq@dimhétmouﬂ&(tmestehﬂumtpo‘u&etalerrnaé@ugwwhﬁ 2t @Facing)
6]

q?ﬂrre, feed rate as the hydrocarbon feedstock is fed
to manHar BiETRR ERHICRISBWPETAtEI®: zone. It is believed at | east

t ¥Re tilBE Blahb fedcidrodofslstadP b BB rbRedt HoVE Tiiel SwitE SMkieH chips,
to carry out the desorption/r esener ation _lpr ocess.

sieved ip dgebpiRrmcrean meeh gzeqi p2? 6A0SPEA S@tg@dard esting Sieve by W.S.
TylerPxTﬁ*?%éé’JHoa)%d)f%' At QSn?&a\W%\rkéelogﬂiﬁwtqﬁ U c?cocetftgggz’rﬁ%shed

any free renmal ning nethanol. Aftert rying s
to a Tadaraacyean mesh isizeo)i-adt-#0 i adstapdard T esting Steve heW.S. Tyler).
i ned 8 ' %, , d : .
mhe SIS e Ryt B B! T g chos
sievedrider Bterstrean wkesh bizemfe2@ nd0 i(d3ArBtandardrTefséng Stave by W.S.

ryrPARY a5 R R S b, STl I v
preddexAbRRlyEoderated naihieLdoven-fiow ahede)drd was albe Heeasaidrated in an

Al nverg.ti oag. as the oxidation catal yst and
UP-TIo 48198 %30f oxi de adsor bent was prepared as fol | ows:

3BBrgbReBowicohbdllereidytiseditb dsliver @50 e g estydeh §ifed in
X %;??r‘{m of wat % The tXrtraet hyl orthosilicate is
NitrogeRNIPEE | $ASe Ol e aRE1%Er ABritkYRBR AEd VER NSEJier daumstreateof the
reactérOBeh s 8d tREbGeh RBnicPt bAMEMIHL QAL A1ahbibsEirBss k89 Or ans
of 10%.in HCl "'was added whi ch was soluble in the water
| AyRsecisiorhgyripggymelgyiag PumerBGR)fedvered tqvidstepd o Kig reactor. The
feed RO Wrehédfed tbhiel fRbttiodl tehPartr®Nn Whd Redch® preheat zone, and the
; tettraet h%l orthosilicate t{q@'mgd a si ragil e I.a‘)lfer whi Cth T
empErAEE WAk PREH90Ae 1 Ge PEPIREDeE BY Leggpequpise & vagigps pegiions. The
liquid geddugteieond theerdactor flapeth ibte rapeoled Lhigh-prosgure skpzeatar/rscdived where
. oLi : i .
7% o B0 Skt RR055 pitrihn fhe QG e find B sdbedrBF 6hating
pressigige ReRefhit Pragsuto@agnamigined gt 2QP rsithbbd SiCobreK Ipyespiere regulator on
the off-gas from the separator/receiver. Liquid samples were drained from the high-pressure

receiver/separator and analyzed for sulfur content by a Spectro XEPOS XRF analyzer, Model
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35

calcined at 500 C for 4 hours. The yield of catalyst
was 82 granms. Three titania-silica catal ysts prepared
w@sgoodesiopd bed above were anal yzed and were noseCHUS2005/046849
anor phous), but Catalyst A and Catal yst C contai ned
mal |, C r &l 0 oly h_of ..Ti
XEPO% l{lltr%& %%, @%’( d fog)l%%Tﬂq}ﬂ%g%%Pgee Cg?lﬁﬁ ssqecm\g\%t% was
deten@m@g wéth jareapillang ﬁcawlthﬁélllﬁﬁ@ﬁ@’ ic detestox- r ay povvder

PRb BELS cWRFiRHB 2RIEEH cQBly& vidird atkdigdli tf)ftﬁé"r‘é"a&HPtl%red flow rates
usi ng t he standard confllﬁguratl on. taly

were (pg t0,PEHEVE & AEWA TYERRE Bpage; \Sipciy (ﬁﬂ%cﬁr ‘i "P'HF@r‘?fafleed in
cc/hoBrt dﬁﬂd@d’ By thargedSpRxneS@atalyisKia Ity ol rhngedtitdvédher. pahd 20Mr". The

B DT e IR

Experi nmental Equi pnent Pilot-scale unlts were used to

e er £ nce of the catalyst with a 350
‘E?Ap%ﬁihﬁurjt_ng .CS%.L‘?.S di esel feed. The pilot-scale

r eé\ﬁet ihe reapirs wes shafedwitiOcdialystahwhseprgsdurifedABithQ %Doxygen diluted

in nltrg%%?%é é\%ﬁ)o ps é; an[dérag flg@/%ésrli%gbw&led a% 390 %tl ﬁirﬁl UL %‘a?fsk bed

era
was %ﬂiw@t@de\lvl@bapn’r@amavlyh@hnéde@bo% |femdsratﬁf ot h@Sﬁ eralclnw mblthen

lmtlatécPS'leﬁ\ R dasataaiRt fous @@@euéneef thzhsa&&rm&r QB\HIP%a@E to the
hese sections were caontr ol rogr ammab ’

OPGVGSB%ﬁmP@FatWt% SPHEOUEe AfPr Bp Ha%d ;9@? ing 58 Miee sclyjpved,
the teetisdyirefantihiguid @a@tietris ubﬂ!bd:tedi giCHoufiy Bitervals. aﬂ(ﬁ liguidibrodiuict was then

analy ot Ll R e SisP U6 REP P Sevas) “FP BT Eh e nalieBepotr

was cantinuet iunti deadtivativarofitheamaplyst ¢rineakéhroaghtdceoddnt
t hermocouple with 2" spacing) to nonitor internal
reacti on tenperature. The pilot plant reactor
c bnsdestusel fasfspanicattigsttevatadion:i | | ed wit h al um na chi ps,

R, sl - +
R L Ly L e E SO S
split injeption HestaateiPOLoIds avidr weted Ayl @ d2wint hd. foseasicsilisat clupat with a 0.1
microf rﬂﬁ%%%&lﬂnﬁeﬂﬁéﬂ%né?b§ﬂn @Slﬁn\nstbﬁ%er%ture %\%s'*rfgpd QP%C for 2

t andard ‘Testing. yler). The renai nder

mmut6$ theRePreFavesH 19 t@?ﬁ?é‘? i %@%Cﬂsﬂe Cdm"\wé?smmai% d' i trasfer line
from ﬂhleLHﬁUTbﬂitK‘e{le:dlAﬁnSn & tgu @rgas*s @p@tra;mkegr ichCdoBRB WIRHIBHZD0TE. Mass
t andar tin | eve
SpectTECerS A0SR TS S oSS et Fpes £t oL joft frass
resolVIigepavea ot m0mspe®ﬂmmnmaeel y operated in the
down-fl ow node, but was al so been operated in an

up-flow configuration. A Brooks flow controller was
ufedui®anaé DisocessiB®0 m m n"1 7% oxygen diluted in

Experiments were conducted with a titanium-silicate catalyst using diesel fuel

as the feed having the properties set forth in Table 2 below. While the diesel feed
was flowing through the catalyst bed, in the beginning of the experiment, only pure
nitrogen gas was fed into the reactor. Results in Table 4 below indicate that with no
oxygen present in the system, sulfur concentration in the reactor effluent was
reduced by 12.92 percent. After several hours on stream, the gas flow was switched
to a gas flow made up of 7% volume oxygen in nitrogen. As can be clearly seen from
the results, the gaseous molecular oxygen was efficiently utilized by the catalyst to
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nitrogen feed gas to the reactor. An oxygen anal yzer
install ed downstream of the reactor neasured the
we@ageri7ednt ent of the off-gas at ambi ent presBUF/ES2085/046849
preci sion syringe-netering punp (1SCO delivered
| Ol d e t h S eat ed, t
redug e S P o et B BEE, B 7P LR O BE B These
eXpedment%eresek@eﬁ@arwr cewasstra@as thad dthal ttxgidurheilicatat e:atally@e was

ol RS BIGE 4By 4 BRER 005G hASHh S s
in thmfeghgaseﬁ;gure 3sgrppiniadityr depite theae suitestand ¥xperitaemtal min.

ni t en S 0 maintain the ou Iet ressure of
¢ o, T aple %sz% iGasS 2k 7B SHIUCRBRPoids dare present
in the\@soduat rafsal\l@%dpl@beﬁt@iﬂ a8 i feedWbud aBR 18AEK cBR@SHttiBn. However,
§ ul at qr o1n htaé gas fromthe separator/recel ver.
GC-MS3 anlyesngi secthand axizaciedi hdsrrarprNsifgn pihesspend catalyst
revedl&?@hé’%"réé‘e@iéér@ﬂ Qlfoxlids ymﬁﬁuefé% a?d&ntfdrhr toCBHFe%Efedbé’f‘l -C4
a Spectra XEPOS XRF anal yzer . Nitrogen was
d'bertfétmn’ﬁ%a Bocausenid, maﬁé@@m bslﬁxpaqateg pe sefeichealy ogmove
sulfoMEs af@ Bl iaed i Ero%uﬁ Bid katohtibly n%é Qv%%’rlnw(%d one can
specific detector For t ese experinments
conclyge dhaistheigewere: hasylioxides eheuliosas frothe Proddct amovtheh they had
ieve a liquid hydraulic space
beenﬁlggzb%tayrﬁ%ﬁg% gayzs‘\l;[)ol ume of feed in cc/hour divided
by charged volunme of catalyst in cc) to range between
1.0 and 2.0 hr 1. The reactl. one tenperature was
mai nt ai ned at 32Q0F +/ - —%p%rl nment al Procedure
After the reactor m&stﬂih@rw ®dérhpogitidral yst, it was
pressurized with 7% oxygen, diluted in nitrogen gas at
200 psig and gas flow yg?%{gllqsgshed at 250 ml nin 1
Feed Inspdaiorr at al yst bed was saturated with approxi mately 50
m feed. A feed rate of 10-50 mi hour 1 was then
XRF Sufilr tdo ﬁ,tvgd Wth the gas and ligyid feed established,

heat ed t he operating
Chemium?nesceﬁ 8%”@?&?39%9%&5’# YAF t e%a%t he desired operating

rature was achi eved, the test begins and liquid
?ug:zrgig??nohehe% coléect ed at hourl y é tervals. The liquid
2. co REQS lg'?he Spptnh§n anal yzed for fur content by a
3. c3 BREG Igﬁ?] o del XEPO1 XRF gpal yzer. The reaction
4 Ca e%ot@oprﬁmt:her% pebgémtll deacti vat i of the catal yst or
5 legﬁg %rr‘eou Wsoccurred Procedl?r for spent catalyst
6 c1 BY& gf%t ah ng to two mcrol rs of the nethanol
7. Co2 ienrzo |§ h%ﬁessp enf cat al yst vver% jected via a split
R nmeter by 0.32mmi.d.
9. C4 Ig%]zohloleca cofum with a O. cronfilmof
ttlsﬁ) PRERTT 8 T cone (DBL). t enperat ure was
5Id at 4OOC for 2 mnutes th rograrmed to increase
to 3000C at 10C/ minute intervals. The transfer |ine
fromthe end of the colum to the mass spectroneter
ion source was held at 3000C. Mass spectra were
obtai ned at a scan rate of 0.7 seconds per nass decade
at either 3000 mass

iDenZ

m
8- C3 Dibénzg iop re]né)sopgm ft 300C onto a
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resol ving power or 1000 mass resolving power. Results
and Di scussion: Experinents were conducted with a
W@ paoate7ures sil i cat e catal yst using diesel fuel BST/UR®05/046849
feed having the properties set forth in Table 2 bel ow
Wiile the diesel feed wa i ng through the catal yst
bed, in the begi nning of SLEa-f%!gg‘%lewxperi ment, only pure
nitrogen gas was fed into the reactor. Results in
Tabl e 4 bel ow i ndi catqt hat mbddt NARKYEREH PloBSENt 1N
Totalbler, pprstvem  sul fur cesmcentratiggn i n the rgactor
ef fluent was reduced by 12.92 percent. After several
sulfuhspyciation Stream the gas flow was switched to a gas
1- C1iEemothivpeResi ppral 7% veobume oxXyg®n in nitreggn. As can
2- C2lmen@tnepidnys, pee8 fromsde resudss, the gageeus
3- C3mBehARBIsbiheQXMEBN Waso.sd fi ci entdsy utilizedopy the
4- CaGahinpphentHpeAgce t g 4sul fur ggntent in ghg reactor
5- Di@hdothispidne ppm@t. 72 peg.gent. Theme experingggal results
6- C1TlieadothibphRBg PEh ISat € 7ohat the 1¢d ani um sil¢ @at e
7- C2Ciderdoynibhanas pprhfsect hispii N reamys ng sul f g g7rom t he
8- C3DReAkodichRREs, WhRIS Jaseans oXygeps was presgyg in the
9- c4lDeRfkom@phentd, @@ 3 @saphi cal hysdepi cts theoresults of
total S $pen experimental rups7.Additi @ned |y, Tablg o3 bel ow
i ndi cates the sane sul fur conpounds were present in
the product as were present in the feed but at a | ower
concentration. However, GC-Ms anal ysis of nethanol
extracted hydrocarbons frgpeigne spent catal yst
reveal ed the presence of sulfoxides and sul fones in
ddiition to unre AEN O of*H] enes.  Because
Cawjeysgc%@i Fashi“ig fm%&%xmc%@%sﬁﬁvg i EvGaRT e thcerireg
Tlsnmg,ulmg onges apd shglf%i da%s f1rom product™and essenti aI1I o
T 06 V\é;e [ emyyed,, ong paﬁ cgpcl ude thaﬁjth%e %rém o
?i:izaug BXMesijorg@uL%ne@ | rz%t hg;prloduct $gdgl tmzt 22367 eg;:; 4
eaag, begn aflso n Yo the gatal yst. e 57 TATZG 41200
nawbi & i Il%t e; Fe§§ecm0% tign Agal ytical Test% FE8H o o
35;!?:4 n%ecgéom X@QSUM urgg ppat V\mg% C:wfem | eeeri ngc%e};@f B
i AT M 3629 o ogen, 2pprifw 233 Sul fur ecfat i 82%  @48%
e nt bpheee b 8 B 3k 3 o BenZht HEbpRBN: S
me ppm S &, 361 3-%G3 Benzeat hizepheness ppm Sx8. 56 wo  28m  -ss%
none 200 329 366

1 7%0, 250 45 243 010 003 266 233 4300 3% 42%%

EXAMPLE 3

Two different methods were tried for regenerating the deactivated Ti-silicate catalyst. The
first regeneration (*A”) included heat treating the spent catalyst in flowing nitrogen (572°F)
followed by air (950°F) for at least several hours; see Table 5 below. The second
regeneration (“B”) method involved soaking the catalyst in methanol in a sealed reactor at
310°F for at least several hours followed by calcinations in flowing 7% oxygen in nitrogen at
800°F for at least several hours. These regenerated catalysts were then used to carry out
the process of the invention. Results are graphically depicted in Figure 4 and set forth in
Table 6 below.
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4- C4 Benzot hi ophenes, ppm S 25.42 5-

Di benzot hi ophene, ppm S 9.31 6- C 1 Di benzot hi ophenes,
w@piwe8717% 78 7- C2 Di benzot hi ophenes, ppm S 11BCDUSBO5/046849

C3 Di benzot hi ophenes, ppm S 60.47 9- 4

Di benzot hi ophenes, ppm S 85 £3 tot al S ppm 367.94Tabl e

3 Feed Product Acid wash oduct Total sulfur, ppmw

356 90 70 Sul fur Speciation 1- C 1 Benzothi opﬁenes,
ppm S 0.30 0.00 0.00 2-|H&Rd BenzeiniT 0 phe messted Pfiohge 2w dhyhed
Regenyergtiongropgduse 3 Benzot I oplasaeisCatapigh fythey celcirgéin ﬁ.”Q%UFIO“Q@
Spenficat beforBRIZRAI AP NTENES PP S| 2574257905435+
sulfur @ 2ot hi ophene, ppm 3 9453170.00 .UU 0o- CI
Carbortbhenz ot hi ophenes, ppm|S27Q. 78 17.80 16.114 7- [C2
ridogey. Widha > 0t-hi-ophenes—ppmS-2085.01 25/ 05 23 67 81 C3
NltrogEﬂ: (] i L nUQZ 2 apn.oa a4 loa o oA .
Dirpenzott UUHEIIBb PRIMSTOU 4T IO Z0 IH . TI0 " I=TCAF
ISpenDishwisy supnenpiiaenes, ppm|S 65. 73 19.54 16./72 total S [ppm
&J@Lg@yb%gmhl elMWeBaad gas| flew products,
Carbon M/o..l + o Jefj'ﬂ?lf\ :r- Cog :-IC Foad
Hydrog‘ér‘l Wiautll I\I, Pt UUUL,L T Gusc WasSnet——eato—reeai
Nitrogdd[pbre®W 1 SCACI €S "/ odesuf[f pag|rate, [ scom[ppmrppn w91
EEQQHEFS an‘BBnqstpedgwn m-200-922 1 N2 25013170178
Spent 4-9-0-90/-A SO0 3% p X Ko NN NI N 200210 24 O
Conde co#e?t?d regleﬁ':mé‘ﬂ) Z4O0U0 0 4\ ZZ I INZETZ oY :)_L\: p ::r u:\:
[Condeddat®sullig gpmdl 00 1Z792% 2532% 200323 1 7% O 250180176
(Conderef)q XvB5B%233 2292 4944% 2446% 200 1323 1 [7/%)__250 90—
137 <010 356 233 2367 7472% 41 20% 2 322 1 7% 250
120 134 0 10 356 233 2434 6629% 4249%
Table 6
5
Eresh Regeneration A Regeneration B
regenerate with nitrogen at 572F followed by regenerate with methanol at 310F followed by
calcination at 950F in air calcination at 800F In 7% oxygen
pro::;t 8 FZ;?nS‘ :{rz::\ % desuif pm::;ts. Fﬁis' :&:::1 % desulf pro:::\ts, F':::fns' :t:::r: % desulf
30 356 075  91.57%
60 356 150  83.15% 35 356 1.00 80.17%
70 356 233 80.34% 62 356 2,00 82.58%
70 356 3.00  80.34% 100 356 333 71.91% 70 356 3.00 80.34%
87 356 400  75.56% 130 356 408 63.48% 108 356 4.00 69.66%
106 356 500  7022% 160 356 483 5508% 138 356 5.00 61.24%
136 356 6.00  61.80% 210 356 558  41.01% 173 356 6.00 51.400
220 356 633 38.20%

Results indicate that it is possible to regenerate the catalyst after it is deactivated in the
oxidation/adsorbtion zone. At this time, it is believed that the strongly adsorbed oxidized
sulfur compounds on the surface of the catalyst are responsible for the catalyst deactivation.
It is believed nitrogen compounds that are present in the feed oil and the oxidized nitrogen
compounds (in the catalyst assisted oxidation reaction) may also play a role in the catalyst

deactivation.

EXAMPLE 3

In this example three separate deactivation runs were carried out.
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200 322 1 250 130 138 0 10 356 233 2509 6348% 4077%

200 323 1 7%y, 250 170 143 010 356 233 2584 52.25%
w@3®sHr 200 322 1 233 200 148 010 356 233 2659 HGCBRS2005/046849

3648% 200 322 1 250 230 156 010 356 233 2734 3539%

O 10_3 280 8%
Tebig g eSS ee o1 IR S Y o BheS Sheaded s At o
recowr@r%heass%pzwcgzg 1 250 345 243 010 003 266 356 233

4300 309% -429% EXAMPLE 3 Two di fferent nethods were
tried for regenerating the deactivated Ti-silicate

catal yst. The first reged@l8tion ("A") included heat

freating the spent catalyst Tn TTOW g mt;@g (572
F) followed by air (9500 e%*&?ﬂﬁf“?ﬁé‘ﬁs“tw% %t?"rh%‘dr“é‘d“
Run BEG.TRRI € 5 below The sl%é&ﬁ&“?é‘@'&ﬁé?ﬁ‘f? ﬁ'ete"‘EE“3SN'eV‘3'S on

| ol ‘I- hanal N 1

nmet1Trou1 IIVUI Vet DUaF\I i ‘ \’E es AZD:*BL J"Irlrtcs —;m;:::lé,ﬁllrt‘étst

Catal T EU I Ud.bl. O1 d.l. OJ.UU I b jl ca r—stvera HouTS
] L] ] H + | 20/ A rare o I

Cataly ’(‘Bbslcﬁﬂﬁwu gy tCtarcrimatTuorils i 'ﬁsdlc’atﬁ”’w A ’,Ws}fl&%gc” I..” Ti silicats
Age ofmlatﬁlfsoﬁlen af SUU0F T0or gllinkd@$t 1.5 VENabut NOBHS - | TRBRE| 1.50

fegener g—eat-alysts—were—t-hen—used-to-carry|outt
Opergt;r%‘; CO’“‘d%Rpsthe Hrvenrtgr—Regu-ts—ar-e—graphi-cally
ReactllifuTempergture °F. — - S -?E,Qir,\ o 7 35
PressMFﬁéi CtEeU 11T 1 QUI Caanu—SCiogg ot —Tn ﬁu €—0 300
Gas FBE| OW. Tabl € 5 Tabl e 6 Fresty saenel at o 7% O
Gas FReRpeeraoerat | on B regenerdte wi2th nityragensdat 572F 20
Feed Dot Wwed—by regener—eitle Hisikehd an@lishedyiess] O fnished diesel

'y
Fﬁ%owed*by"‘cammorwﬁk OFin|-ai-r—takei-ratFon &t
AnalBR@IRebnits7/% oxygen product S, |Feed |S, hrs on product] S,
Feed sifwioim® __hrs on_product |S 3Feed3B, h A % desul f 3% 333

Feedt f Qn ppm\Wn Apm-ct-raamlnn nhm/et rlan npm 7 73
PrUdUC \ \h} T [J]JIII ST CTITT Iuluég‘l‘luzlrllz‘%al ::?‘3 ’r;'r-.lnn ;\nl ‘S% eatm--26*~——"
Produ 3565t PO 8311554353561 5
Produc@@a.lgﬂﬂg%) 70 356 2 33 80. 34%.82| 3bke 7. Blloz67. 35% Y B3350  50.96
Absol ng0iRAns 100 356 3 3200241 O DUSIZ0, BEA2 3. TH02380) 08296 87004

SperBBaafs00 75,5696 130356 408 654806 1081353400

S BEP0% 106356 5,00—70-229 160356 483550606 138-13565

Caborowi®0_61. 24% 136 356 6. 00 61. 80210 356 5158 A1, 01% 2427
56..6

Hydroggmz %353 6 00._S1AW. 220 6 333883 120% 236 3.33
Nitrogen, wi% <0.10 <0.10 <0.10
Carbon, Hydrogen, and nitragen, combined % 24.91 18.83 27.60
Calculations e T
wet catalyst wt, calculated, g 12.41 11.36 12.80
Total sulfur on wet catalyst, g 0.0072 0.0140 0.0145
Total feed processed, g 101,62 116.75 134.73
Total sulfur processed, g 0.03404 0.03911 0.04513
Total sulfur in all praduct euts, ¢ 0.0252 0.0255 0.0284
Sulfur mass balance, % 95.11% #EFHGEH 94.93%
hrs on stream - T 15 30 15
% desulfurization o . 18209% | 79.10% 73.143%
5 (%denitrogenation | |69.88% 7808%| _ _ |7280%
EXAMPLE 4

10 Additional runs were carried out using amorphous titanium silicate and a mixture of Ti/MCM
and Ti/HMS molecular sieves. Table 8 below and Figure 5 show the results of these runs.
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Results indicate that it is possible to regenerate the
catal yst after it is deactivated in the
w@ziodari7’en/ adsor btion zone. At this tine, it iBCT/US2005/046849
believed that the strongly adsorbed oxidi zed sul fur
conpounds on the surface of the catal yst are
responsi ble for the catal yst deactivation. It is
bel i eved nitrogen conpouhele Bhat are present in the
feed oil and the oxidized nltrggen conpounds (in the
hrsonC Al ad,NSlypASSI 8ted, Q% dat ORsfLaGd, | OTRuctRgAueal Fsees pFe & desulf
M ol e |§ The cé?bljgt deact i vat i . 'I&KN&LE'S " t%ls
moenamw¢em$hmee2@epawate deae?%va?*on vunsﬂMerg:carﬁ?qug
:gg 0‘1‘: mm@ Z Sfﬁgg\l\ﬁ ibat bSSé«}ﬁgi a@y a|g7 isst hesesul isUr 50.28%
was either de osited on the catalyst or recovered in
ethe IHEEd pr @%ﬁuct o Tabl e LEXARPLE 4 Additi dlal kbinsssse
sooWer e o i ed ot usi ng anorphousget i tieni um si |Fscat 83 arveR
a mxture of Ti/MM and Ti/HWVS nol ecul ar sieves. Table
8 bel ow and Figure 5 show the results of these
runs. Table 8 gas flow rs on Catal yst type product
product Feed S, Feed NEexsm.E®HF LHSV feed gas rate
%desul treampsig S, ppm N1 ppm ppm ppm seem 2. 00
Ti/MCM & Ti/HVS soige! 200 318 1 3% O2 250 92 203 356
Figur@ 33sholvs1 o rés QB oFi VakitiM &un$idakiB @il lEccatGanca 1§ithl thedn@tion

wherdg g 1 Byt e RS Mid Se0s 5 35 11 O

silicate 200 321 1 3% 2 250 74 44 356 233 79.21% 3.75
Ti silicate 200 321 1 3% Q2 250 50 28 356 233 85.96%
6.00 Ti silicate 200 321 1 3% 2 250 106 47 356 233
70. 22% EXAMPLE 5 Figure 6 shows the results of various
runs carried out in accordance with the invention
wherei n oxygen | evels were varied and tenperatures
were varied. That which is clainmed is: 1. Process for
desul furizing a distillate feedstock to produce
refinery transportation fuel or blending conmponents
for refinery transportation fuel wherein the feedstock
cont ai ns sul fur-containing organic |npur|t|es whi ch
process conpri ses:
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(a) contacting the feedstock wth an oxygen-cont ai ni ng

gas in an oxidation/adsorption zone at oxidation
w@omdioti7ans in the presence of an oxidation car@l/ys1005/046849

conprising a titaniumcontaining conposition to

convert at |east a portion of the sulfur-containing

organic inpurities to sulfones and/or sul foxides; (b)

adsor bi ng the sul fones and/or sul foxides on to the

Ofh&lHHNs BghRlyst: and (c) recovering an
oxi dati on/adsorption zone effluent having a reduced

anount of sulfur-containing inpurities. 2. The process
ofi. cl apidcdsswiter edddulfiiigingX iad afistifite C adeabtpet ioS produce refinery

ener ted 0 .produce an qxidation catal hat :
ransporRER e o sRaf SPHEEMEl: e GiApD oynergn the
feedstmke:omam eslfurabnteinmp wrdanishimpeities tvhiegh pmgr,esaeqfcamprlses: is
carried out by contacting the catal yst w th nethanol
under conditions to desorb the adsorbed sul fones
and/ or(aul feoriaging, tae fepasiqsk owitls samfoxgyetteantainirgeeragisnin an
t Bﬂdétloh%ﬂéd&ﬁﬁd‘noﬂin@' Al BHBOTRESitidn8 N itife ?@s@ﬁéeegf 55 @sa‘uanon

oup caonsi tlngnof titaniumsjlica
pat 8@ comprising a titaniu

-containing composition to convert at least a pomon of
the sulfur-containing organic impurities to sulfones and/or sulfoxides;

(b) adsorbing the sulfones and/or sulfoxides on to the oxidation catalyst;
and

©) recovering an oxidation/adsorption zone effluent having a reduced

amount of sulfur-containing impurities.

2, The process of claim 1 wherein the oxidation catalyst is regenerated to

produce an oxidation catalyst that contains less adsorbed sulfones and/or sulfoxides.
3. The process of claim 2 wherein the regeneration is carried out by contacting
the catalyst with methanol under conditions to desorb the adsorbed sulfones and/or

sulfoxides.

4. The process of Claim 1 wherein the titanium-containing composition is

selected from the group consisting of titanium silicate, Ti-MCM, and Ti-HMS.
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