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WO 2006/071793 PCT/US2005/046849 OXIDATIVE
DESULFURIZATION PROCESS 5 FIELD OF THE INVENTION The
present invention relates to fuels for transportation which are derived from
VR4 PERSleum, particularly processes for the productiont§f¢BrA5asE
for refinery blending of transportation fuels which are liquid at ambient
conditions. More specifically, it relates to a process for making such fuels
which includes oxidation of a petroleum distillate 10 in order to oxidize
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conditions in the presence of a heterogeneous catalyst. BACKGROUND
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of W&%@@éﬁ ﬁﬁﬁ‘ésédvanced specification of fuel compositions, but cost
remains an important consideration. At the present time most fuels for
transportation are d&#re:RONIatR aHpaGENMON2S Indeed, petroleum
as yekigdh w«aﬂd@mww&sue{mgﬁ%@gm weRfL AshiLe! @hEportation
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significantly varied, all. crudes contain suifur compounds and most contain nitrogen
compounds which may also contain oxygen, but oxygen content of most crude is low.
Generally, sulfur concentration in crude is less than about 8 percent, with most crude having
sulfur concentrations in the range from about 0.5 to about 1.5 percent. Nirogen
concentration is usually less than 0.2 percent, 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 info 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 parficular end use specifications. Because most of the crudes available today in
large quantity are high in sulfur, the distilled fractions must be desulfurized fo yield products
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which meet performance specifications and/or environmental standards.
Sulfur-containing organic compounds in fuels continue to be a major
source of environmental pollution. During combustion they are converted
Y& S0t d%ides, which in turn, give rise to sulfur oxyacids difd/Gagns/0d6849
contribute to particulate emissions. 5 Even in newer, high performance
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treatment. Challenges of a catal ytIC emjssion contro| for diesel

L B e S L e
at therfefapnrasin. tHespriveiy Aladrradteihidhe challenge of reducing the sulfur levels in
fuels and in paricular diesel fuel within the timeframes prescribed by the regulatory
authorities.

in one aspect, pending introduction of new emission regulations in California and
other jurisdictions has prompted significant interest 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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combustion engine (gasoline engine) due to two factors. First, the
conventional three-way -2 WO 2006/071793 PCT/1JS2005/046849
(}/§ QTWC) catalyst is ineffective in removing NOXx emls%ons fro
0717 N2005/046849
Ve engines, and second, the need for particulate controlis S|gn|f|cant
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In the face of ever-tightening sulfur specifications in transportation fuels, sulfur
removal from petroleum feedstocks and products will become increasingly important
in years to come.

Conventional hydrodesulfurization (HDS8) catalysts can be used to remove a major
portion of the sulfur from petroleum 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 muiti-ring aromatic sulfur compounds. This is especially frue where
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portion of the sulfur from petroleum distillates for the blending of refinery
transportation fuels, but they are not efficient for removing sulfur from

compounds where the sulfur atom is 35 sterically hindered as in multi- rlngq
WO 2006107179 9
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obtain this low sulfur level only about 85 percent of the distillate feedstream is recovered as
a low sulfur distillate fuel product.

U.S. Patent Application Publication 2002/6035306 A1 {Gore et al) discloses a multi-
step process for desulfurizing fiquid petroleum fuels that also removes nifroegen-containing
compounds and aromatics. The process sieps are thiophene extraction; thiophene
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obtain this low sulfur level only about 85 percent of the distillate
feedstream is recovered as a low sulfur distillate fuel product. U.S. Patent
&%f)hcatlon Publication 2002/0035306 Al (Gore et al.) discloses a multi-
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WO 02/18518 A1 (Rappas et al) discloses a two-stage desulfurization process which
is utilized downstream of a hydrotreater., The process involves an aqueous formic acid
based, hydrogen peroxide biphasic oxidation of a distillate to convert thiophenic sulfur to
corresponding sulfones. During the oxidation process, some sulfones are extracted into the
oxidizing solution. These sulfones are removed from the hydrocarbon phase by a
subsequent phase separation step. The hydrocarbon phase containing remaining sulfones
is then subjected to a liquid-liquid extraction or solid adsorption step.
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WO 02/18518 Al (Rappas et al) discloses a two-stage desulfurization

process which 30 is utilized downstream of a hydrotreater. The process
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aqgmoémémﬁaéoiu solluen,s g?l ISC ose Xtracrg 13 llllfgorﬁs?néoay ’(% ac%tgg

rera et al &t another comp ex multi-step
“y%rsgﬁ“nﬁ?z%%% p.%we@%ﬁéawéfaﬁwtﬁ@fwsee@sfn?va%@ @ siep eilient i
depgyapesrasiferiveion torepiieant oititirterstegsitteniedeiisposition step, and a
separatiespstepvbeiein aspisdiantofitheassdierhexidatet compaunte aldur-
oxRERAraRIAM. thepiflb el airgas eLHRe AecaMROSIRL I Pa1dfbe solvents

ard é:'c OUS, OX| dlz EL% %rlutlogeugggslq the oxidizing step preferably contains

acetic acid and ?rom en eroxﬂe e,‘Any residual hydrogen peroxide in

tﬁé’waaﬁaﬁﬁm@%‘t@ﬁsémw’ﬁqg p&é{?ﬁ?ﬁﬁ%@@%@?ﬂé&ﬁ?@@w@‘&ﬁm@wﬁ a
dercrrpuditioncat&htstt THEOsHSGtoniside sicanie df eutivgtinaegedéctive
selvenstamdiaek the pulfuexexidatied KuBrROUNES pREfEedaashiBgs of
%E%ﬁs%ﬁﬁtd@ﬁ)ﬁ%%?”ed selective solvents are acetonitrile, dimethyl

formamide, and sulfolane. 20 A number of solvents have been proposed
for rarstovingf theiroikidiize df suliwnsompbints. ekactocai plefuincbirfolRdtamts

publidiRQ, 9 D{SoRre).; taaﬁaeas ’fheruﬁ&ﬁlfrﬁ \Mid@zwim chisah/enissalitablbe,
f‘%rxs’ﬁ’g Enlﬁe% Q§ tlo ﬁyggs r'?f%rETe lggrgxlﬁatson an Soirf]ent

D|me Isul oxXi a similar Ivents usedint

EXKQT?QEU ARy Egﬂ?ﬁou‘i‘]dg%aﬁ_h% ﬁlﬁ)ﬂﬁ‘?@éﬂeﬂﬁ’?ﬁg’u ki, S.; Nonaka,
T.; TakasHiheDinectiQfarmaidedhiMara, A.; Imai, T.; Kabe, T. "Oxidative
Desulfurizadégnash Light Gas Oil and Vacuum Gas Oil by Oxidation and
Solvent Acetonitrile

Sulfolang

Gore states that there is a relationship between the solvent’s polarity with the solvent’s

exiraction efficiency. All of the solvents listed in the patent and the paper are desirably

immiscible with the diesel. They are all characterized as either polar protic or aprotic

solvents.
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Extraction” Energy & Fuels 2000, 14, 1232. That list is displayed below:
N,N-Dimethylformamide (DMF) Methanol 30 Acetonitrile Sulfolane Gore

@@ig&;%&pere is a relationship between the solvent's polguity Wb tRGssao

solvent's extraction efficiency. All of the solvents listed in the patent and

the\ﬁsp&rfﬂ%)ge(? blch gﬁl%@? gc@éghfépesg%ﬁﬂw-rggé‘;zﬂ{ge ﬁgtsllate fuel or

charactéerized as EI er polar protic or aprotic 35 solvents

midglg riiyifirtere 3 e PHBIEZOBE AR A5oiRTes éﬁ%ﬁ%@ﬁ.%ﬂﬂ@&faﬂ%ﬁﬂ@ that
hydppotesd fur csehootiveiqupkiaieipkpaistlitafeotnd| ornereftne dnsipies ITHe fuel
resigbjach refatemnse mispiarpiiiaigenicizar cistllatenfustnsushiteatudly dsaxyl
um%afiéar ﬁ@ibowbgfag%ﬁ@r%,gamcalIw&&e dep paéemav: 59!&@9&'%&&%!@@

} fue resu‘ts in ared cn art culate enerate usu&g{gu%)crgm%%t[ lon chn
g 'pﬁ?éc VAR Oﬁrr'lo%'alze uel. nﬁf’e reference discloses a roces§F
basgd [ergiiesyiRiBP RS DFaNB P ANPIRaRE B?Wtﬂ?c%hn%hhﬁg%"tﬁé%ﬁ??m‘
grotihe geedsenak of various titanium containing silicon based zeolites with
pergxidasonoraid fudegarapcxile suehdbathydoexyd ascatbomdative

desthlazncl r%ff E.Q‘F?be% §sn?f\5ﬁﬁ§§uﬁ928?§% %ﬁ&xéY@é& P& USHARESAn an

Cgﬁ cess ort e oxidative desu furlzatlon of fossil fuels usin
acl

Y SO, PRI RS R PG RASTRBRREE A BT TP Eeton
mixgstu fdievessmipri siprlyinatetrasransy iy dpe roxderasforeaciomunsgivasdor @ time
sufficiastionatsixbtiesfolanantibys appliitngsulita sow nchtedihameltiphase

feag@%m&q's&gbft%aam%m%%ﬁmm&WAQ&@@% fd@elwe%sat%m
sulfones th are subse uen 'xga\ctﬁq O?, tentA catlon o sub
of IR T B OO S AR e drucies Biind BREAU s oo su
mrcfew@mm@m@ﬁwaéwﬁm@%rmquﬂ%ﬁ/&?‘f@rﬁ’ﬁﬁ'@e the sulfur
conapadizin figastiotdaundniaiosize bubbles and dispersing these bubbles
intoflQuingdigsahive! {a0xidiz g esidigra GRRPRIROS IO RSPk Xid8somic
msﬁ{; gogrsg'fge'eed%slm&%% %800 §J2CIRR OBLIELE R A R R,

SS complex, economic dIS illate or dlese esutfurization processtlat,'h

H&@rﬁt'@mﬁﬁm R BER BXALRSR ST a%RI A P B EEh oG REH TG ARRpieY the
useypb axeetsidrobrmics exidiing anctiator eweHndlsgibendsat eampley wislingcnd
corfogRenséveschemical oxidizing agents and avoids the attendant complex

hanﬁl"élgp?éggn@%&@ﬂfan ISYRSs e PrRsanbipveRERN RieMife 3 8eiRrzation

relatlv% gle “FCW ?gefiatl(lfusn%ggon rocess Wher%g_(% r(}jtlas“t}lilrlgtegas at
PTOfEEasIoERAE ¢o 3& egl WITH AT OXYgen- con aining ?
oxidation conditions in the presence of a e’terogeneous catalyst comprlsmg a titanium-
containing composition whereby the sulfur-containing compounds in the distillate feedstock
are converied to their corresponding sulfones or sulfoxides a portion of which are then

adsorbed on to the titanium-containing composition.



25 oxidation conditions in the presence of a heterogeneous catalyst

comprising a titanium containing composition whereby the

sulfur-containing compounds in the distillate feedstock are converted to

their corresponding sulfones or sulfoxides a portion of which are then

adsorbed on to the titanjum-containing composition. -7 SUMMARY OF

THE INVENTION Accordihgd ahas § ﬁ?@r’g brovided a liquid phase

promerﬁixmd&:sathfusmctg mexd|$€t|Iim@elﬂeedst@nkdtcpfpﬁ@duc@mﬂmeﬁysuifurmng a
aisd AR ELRL PIRAARGCAMRRABAA [ IBRIMH EBRBBRIRIRR ilery

erein the feedstock contains sulfur-containing organic impurities, which
trangReReS dBehpieEE (B ESHERd NG Y e RUIEOUOTHIING RERT pITARE!jith which
pm@@s%ﬁ%@eﬁqmaﬂﬂt@@@ﬁzvlﬁmm datieniqadsarpticntzaneataxidationng gas
in Cioggll I?%%/%!star%en Irle%)enr&]tca DX1 %%lrlldcgr%ﬂaﬁ;[rlgnmc%%alryége% p¥ '§'Q&1§ oxidation
[tanium an con-containing composmon to convert at [east a portion of
catahies sefforientaiFirEo AGRRTEIMS ORI Gr STIRGHES RGN ST FolRTed Pasyon of
the @Q%ﬁfgbﬂglﬁi&?g%&@ﬁe%@ﬁ%@ rsuaxides ando.thaiexidat @ﬂ%@@ﬁﬁg{ﬁi@ (G)rones
recovering an OXI ation/adsor |on éﬁne I| uid efﬂuﬁ{&g gbp ]eql uid
and e LS SFS O G REARAIG f’r%p Fitied: S (d}gr%?nﬁovmg Sor ed a
- effiseifdnesand/drcsd mmgﬂsomrﬂq@lompdmmmaWSndddh@r@@yng the absorbed
sulfSOeRerale hexidation,catalysty The Riqsass el the-Riasent digglaskraiys:

involves reducing the sulfur content of a distillate feedstock contai

SR BRERRA BrgAREIBUAMIES 19 PGt {f‘@é‘%“ﬁerﬁ‘ﬁéﬂfﬁa‘iﬁ’&%?t% st
feecﬂﬂﬁbk@hbﬂﬁﬂﬂ@@l@ﬂmmﬂmem@oﬁgmmﬂnmmﬁmnsmmcﬁamréﬁehrbymmamﬂm@ue
o 858 §é%§onvevll&p an 9&&9@;5&&9&%@9 ges %L%Mgﬁg'%qgag{p&zp@ﬁh

Zone &t oxidation condition in the presence of “a heterogeneous oxidation
OxﬁéﬁfaWétaééﬁﬁrﬂ%ﬁﬁgl%Oﬁﬁé%ﬁBWF%m%%ﬁ%j‘%éh?ﬁt?éﬁfﬁh(’w}géiﬁﬁy’iﬁ% presence of
a hetfi-eantalRing éa MO 20061074793 R TikMS2RAIA4684Q0csompouneds: the
11z%re cotnverted to sulfones and/or sulfoxides a portion of which are
SUHSE aﬂ%’hly adsorbed on to the titanium-containing composition. A fuel
or blendlng component having a reduced sulfur content is then recovered
from the oxidation zone. The sulfones and/or sulfoxide can be further
removed from the catalyst for 5 further processing whereby the catalyst is
regenerated for reuse in the process. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 shows a schematic flow sheet of an embodiment of
the present invention. 10 Figure 2 shows a schematic flow sheet of
another embodiment of the present invention. Figure 3 shows a plot of
percentage desulfurization versus hours on stream

Ta
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including the effect of adding an oxygen containing gas to the process in
accordance with the invention. 15 Figure 4 shows desulfurization activity
gég%ggoqg%sium silicate ca'galyst versus the performgnce ofprﬁgl%gzer(%gg‘% 240
itanium silicates as a function of hours on steam. Figure 5 shows fhe
desulfurization activit%/i| of two oxidation catal}/sts regenerated in .
GO REHRES RIS WIR {RESR VNS TRy e SRR RS AeROTPBXGG fpich are
sulpgatesntyredesbidrratioe irridunpubimaiiD e coorpesitenwithftiebopiesading
colYSRIRNRIRT AlLERRE SCRIPEAMNOE TR INYENTION S uiibigidation

o A T R e e

furtied prisesprafadagb 2o ealvdishiabegenetEeddntraber r@NB Qratess.
atmospheric pressure for best results. These streams include, but are not
limited to, virgin lightgriddlerdistiiateoNitgimheavyanigdie distillate, fluid

catalytic cracki s gk lytic gy il, ill, distillate
e e N e
INgifi9fHually hydrotreated embodiments of these streams. The preferred
stretigeacesheweallectivmandid@ ndividdatotnedreibateteamivaorimesisnt
invg H id catalytic cracking process light catalytic cycle oil, coker still
istillate, and hydrocracker distillate. It is also anticipated that one or more
of tHd9aBbVeSHRHR AP S CARRICaIAg8 ISHIBIAERLIRST VRIS UssTeldgREcRIgRm
indb ey dce efrafttbaidiiegtioroiypenadontases pesfartnansecaidheaeingiyce
witﬁ%%éﬂy fuel or blending components for refinery transportation fuel
35 obtained from the various alternative feedstocks may be comparable.
In tHdgw e 4o wsedorel Ty irrioT avb et TRoB Stusonskiode sgfriesvsirys
thaapetmrmehumefaugﬂabiﬁtgmﬁtarsweaﬁmdm@a_ﬁfﬁﬁe)meamtrmnrsm_tiﬁn
and R er) BN GMICS L0 HEASHERIRAV S AR WhAL IR BByt

utilized. . In one aspect, this invention provi for the production o
reqRRREtraRSSOrEANSR Wil 1 BSRERTY components for refinery
tranSportaticinfual frenafetlyol oligriedgeirtlenmeSutlistiitkien Sacird@out in
ac@ﬂ%@%ﬁﬁtﬂ@ﬂ@é@ﬂﬁﬁf&%ﬁd by hydrotreating a petroleum distilla_lte
material boiling between about 50C and about 650C by a process which
includes reacting the petroleum distillate with a source of hydrogen at
hydrogenation donthitidrs HFEI&IDrEde ftel it MyaiddeNation catalyst to
assistibybyesogenatigndemavaldef stdity encior suiegensftarpdhure range
roRysigtiensed pelialr e dislais.aptiepalydraciianating, the hdotreriedy
e e O O O G e

eitc %ressure for bes {e
ndin componen consisting of a su -lean, mono-aroma IC-fiCh

'Str%ia?ﬁ udsd l&’h@ﬁ-ﬁﬁqlmﬁt?ééﬂsf@@w light middie distiliate, virgin heavy middie

distiiiate, fluid catalytic cracking process light catalytic cycle oil, coker still distillate,
hydrocracker distillate, jet fuel, vacuum distilates and ihe coliective 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 distitlate, and hydrocracker distillate.

it is also anticipaied that one or more of the above distillate streams can be
combined for use as feedstock o the process of the invention. In many cases performance
of the refinery transporiation fuel or blending components for refinery transportation fuel
obtained from the various alternative feedstocks may be comparable. In these cases,
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consisting of a sulfur-rich, mono-aromatic-lean fraction. In accordance

with one embodiment of the process of the present invention the
drotreated distillate or the low-boiling component can be used a

Wétz B8 8dstocks for the process of the present mventlonpfg%%ﬁosl%‘ﬁfﬁ?@

useful hydrogenation cata 6¥ﬂStS com grlse at least one active metal,

loglsifacted Ad et e Gyrtalistig 9SRLAR RdReNERTET o Rien and
shoptdeiotieonabies saeipderpritectointyhal shermsambinedn an amount of
frorm abeubfd, pescen-taboULAOop ake pkibytwelg imbih e deipdeatal yséi
or §9Hﬁkﬁeleéﬁg\£?§ﬁ§t%$ k@ﬁgéqﬁ ﬁr?ﬁﬁgog?r&%ltrbge; ﬁ'@m%nii?d%ﬁlggtgoeﬂé\%féum
Vi u
st R DR el W ikl B B Fles S bR e
ma}“él%‘tﬂf@l?%ﬁ&”%rﬁhﬁﬁré i a“ﬁ@a”h‘?‘éﬂ}nﬁ&maf?é%ﬁwbﬁbI'I‘i@h‘fjﬁ'iafﬁﬁ"“g
thecatihystrP risiévab lyith fixesbiveel of kirality of fiydodsedtoof catdilistisn the
prebi§ed undefyernditians ssshsthet 4alativeyinagepsiipdeRianss Bafar@nd/or

n;trB%Qé?%E‘?“ii%”h%%ﬁgéom a%%‘é%ﬁﬁ{ 361st$ﬁ£\t%’<%:35ﬂ85%ﬁgrh§¥t% %%%CHPJF QA

erature of out 200C to ab rom about

P 8 t@%lﬁ%ﬁt by, Gi5E"2L T B S R SBR) Al %B‘EJ‘E%%‘&“%‘%BH{P%%%&
corgptisaseres iidiualeant moppeseupsonithifraniorang of flosh-boitne Gagstock
corabond AGOsatmorphees-Aopatitcuariagrefeneddpressiy aitapgeambbiiment
of YHE'%?J&@&WWr%eB%QHt PrYIRES tﬂétr lYeQ@Eido%{M%f%m%@';M@nng
minimizin the amounttoglglgesdsttj q(ap %%re ui reg [?53
Corﬁpoc? odesu Urization ot ea ar%e ?eoé’sﬂr%rs WI eoran g or2b 8By
atm%%’ﬁﬁﬁ%’hés”?ﬁfbﬂ‘erﬁ?é?@?&%‘l‘?’fr@%b(ﬁ‘éu?%%ﬂ(ﬁéﬂ?ﬁ%p?f@re%c“"e metal,
sel¢diadr bgeritcirowlati oonsitew gé trer divansitige dlenereh duthB0DSCE/Bitli4oesach
incéported0AR0 S GEBRIp e fRraklyficum abauh? HR0: IGHIBREN dbadit 30
penl:énpgg %&5{!39# ﬁé‘%%P%&té?g&fef%H%J&o@ca\%OH%&aQOQJﬂa%bM &% %Q‘Pon

for best results. Reaction pressures 35 and en circulation
Slopiias B'e%%?ﬁﬁ@gg Fe?ﬁﬁe%’%’é‘?ﬂse%w%%?aﬁ%%@%ﬁyﬁ Gﬁﬁg?vtgtﬁ?n o §®

an¢dgiftify in less effective desulfurization, denitrogenation, and
dearaenatizaytio nhy Lo xR0 6/0cEEE 934y ok iS2Ie05/01 6848 misesesivel
corﬁ%éﬁﬁ‘g‘@@.cprﬁéﬁH&%:@%@%ﬁ%b@ﬂ@ﬁQMe@@ SAMRMENLLARE Q@ﬁeﬂrﬁ%q}?
WIYRO Baranal enelis, The ydtogeaalon pigcess WAl oo
P peratesat a qU| foury space Velodity of rom- abodt 0.2 hr te 8 88rds
e‘a&ﬁ' (PHiPFe JREFREYHBIS T 8RS UR TS T 2 I5SRTE'D H PVAFRITiGaElisn zone

tenmrerfiveblyf from aisot2000Chid 2bcababit'S.Onkefeidmbistrebulis2FRGaesiely
4odrigh-pRaeestviglaesities wikhrassit by sedused anersitdyeragenalions, uther
pre&%g}é%%%é%%@é‘%%%%%ﬁ?o%ﬂa'&ﬂ‘%%ér&woé ‘Pl@%@ate petroleum

fraction ?/ %}/ rotrfatlr&g would reqguire ti att g shtr%a sub;i?cted tOd
very S% Y teﬁgﬁ grred pressure range wi in which the hydrogenation provides

extremely good sulfur remaval while minimizing the amount of pressure and hydrogen
required for the hydrodesulfurization step are pressures within the range of 20 to 60
atmospheres, more preferably from about 25 o 40 atmospheres.

Hydrogen circuiation rates generally range from about 500 SCF/Bbl to about 20,000
SCH/Bhl, 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 resulis. 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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hydrogenation in order to convert these compounds into hydrocarbons

and hydrogen sulfide 10 (H2S). Typically, the larger any hydrocarbon

m8|2 s, the more difficult it is to hydrogenate the sulfide. Therefore, the

residua Porgano sulfur compounds remaining after a hydrotrggfﬁ%ﬂ?gé(}és’w
- the Ia{gjkgand most structural!t){ hindered heteroaromatics. Where the

“GBUSD L ERIET HSRRSY T fr SOREN Ve H RBRT RS RMh RGNS

dimipigsinisoRpreirebbanefite- refinery stream can be a material boiling between

abote200egmedtidibpalvesy ¢AbMy Egeﬁaeabbetlmmﬂmelw@umnmm derém
=4I IRl UG ORI RPN BRAULAPRC NS AWHE AT A BIBANE! ang most

preferably boiling betwee about 2 C an about 3
prefeasitio e oAb dratiorrea B8 ahﬁz BhbeseirstiE. oﬁmbﬁeﬁﬁwgh space

velstittams tsiling tedaceaingeriiondalgendtblC to about 650C, preferably 150C
to afQier40@CiaNsk %@ﬁ%@ﬂ@é@@%ﬁ@@%@&%@%&? i2e 99@0@9%&0’(1%

Cat tmos erlc 20 re. The li hterh carbon com onent
by i‘wyg a e ro urnée ptén%?i‘fl Strrr?grr% 510 %qe%egove%of 104z asgflf

“Vdé‘?ﬁ‘j”iﬁ@ﬁr‘@Qé??ééoo‘fofﬂ’éété’]%ﬁﬁéP‘BBHﬂﬁaerﬁéwaquﬁ‘?ﬂ@flﬁﬁf@“ﬂé@@b‘ﬂ%
(HaSon3treiaéyd thy digklaty fvdidtaiepoiitty e dikcatiendgiflédiieto hydrogenate
fhehmmarbome@gm@orﬂﬁ@t%gfaugig@Q&\éesﬂzﬂf?%m@&%fa#%mﬂﬁ after &
wipliaReresEeretes ud et ek fadand copverted t

ut ArS AMEnADbIG Tor Las N PSS T R 8 Bresent

.nvé/HE%”ﬁ nnessiiedriee behdaliparijtiistamssirasispendats mdmsanaten of
a réfiedsyistréarth drecafistraisieshibycehistid atenfiel hdipgihtsreoificatiol s Thad

abdlisiiterie frastins, forhyHagenalinrcan ComBise éyghb%@m@w Sifbsoec
ana%%& ﬂ%‘%ﬁéﬂ%‘ﬁ&&% mng Eé}%éé%é“&ﬁ%%‘ﬁ andd w?&%‘%'”ates'

catzgtlc cracker I| vy catalytic cycle oils, an lateboiling

%%fﬁék%% t'ﬁ%lFBE:}HSW&F%?%H'BB%EFdWWréEt’EFQHaSH|ﬁ‘ééﬂf*“e"y
stregepdielifg dbkereaistiieme abritiS gkt abrihEACcarafotdieydie Giis sreut
400t@ mastrhighlyrekematicdeedstek e OMFTNRNS, abaN TG TS biGhrAcsBbric
preeﬁr@em@;;gﬂ@wwdammwo%ﬁgwh@'%ﬁ@lme%%xpg% %‘{F‘*

it distiliate

pro?ia%sbj resent ebstmono aromatics and dloﬂoma icS V\gﬂ]ia sm

recovere 2 plesence se O ma ersa
e aTohates. Irgin STOCKS 2 e igh and 10w su rvr&

el ARSCRFBEE T SRSHAIR 6 I PRITE R OSCHRy h s 29 BRsreBen
conmyoupeig odiramaties 4Bt eralhsrdrelaromaticsiedhtentces ¢ amfbhiniethtalytic

crabyiregenationfaeiisy teagdstask will sangedrapkaleuts Rareplby-weight
pfeggrﬁhﬁwn%’n 11%%%&‘%99/87%% g’ Ié%’é@é?%ém 84 RSl ‘éﬁ!&%%e]s is

ht, more typically from about ercent ywelg t to about
g%'ﬁc‘ttrf)‘ﬂf/leﬂ/ )égqﬁm %ﬂrlﬁoesrfdt%‘fgafﬁ&g F5Ri200ut 20 percent by weight to

abothe(s@%@?t?eﬁﬁﬁjﬁ%ei@hbygea%rﬁé@h@ém@@ﬂmﬁl% HighilRi@ aicaidiis virgin
distileefulderithe poeskighirarantionigigenerallcekdudietivnesf tbaultighrratidd agnt

amsna‘wy%g@fmes,ctg%;@yqaemmé@m&w%%Qfﬁoa%memm&om%b%Bd
resil ! udl ro?rel% AR e altginative disRgeiicons hidizliate.ayatoagnaton,
oils are the most highly aromatic feedstock components,. ranging as high as 80 percent by
weight. The majority of coker distilate and cycle oil aromatics are present as mono-
aromatics and di-aromatics with a smaller portion present as tri-aromatics. Virgin stocks
such as high and low sulfur virgin distillates are lower in aromatics content ranging as high
as 20 percent by weight aromatics. Generally, the aromatics conient of a combined
hydrogenation facility feedstock will range from about 5 percent by weight to about 80
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components. The higher sulfur distillate feedstock components are
generally virgin distillates derived from high sulfur crude, Coker distillates,
@ d (}cﬂa}}a,}ﬁsl)% cycle oils from fluid catalytic cracking units proc&egﬂ%r&gosm“sw
refa |v’ePy igher sulfur feedstocks. These distillate feedstock components
can range as high as 2 percent by weight elemental sulfur but 10
Do PG P R B B P B T BV RS B0 RREESHTbYY
weighight sleshizpiatlySirm e 8% sereson b veig i iotifre fdeaoast yakishh
the prasenhdaveaionnsialdeigeasitakusafilncie mebsheinisrage i gendeny a
fun&f&h%f%‘é%i?iEﬁ@?gﬂygﬁﬁﬁ%ﬂ%@%t'_ i%%@@ﬁﬁ?r%@é%%%%a&@ﬁ Jic’i%r F@h@r%(_ per
crude capacity..an alternative, dispasitions,of di e ‘ogenatio
ks s e e B
corgRaneritly COReHIStiIRHE S HF e {RERARCEy EREBRGS i UE iRitfigly virein
distiisdels tisokagoimpohigh s barchdeectetl ditifeigencod metaltiiativels pis fjimgy fag
catBigh ardi0 P pRedsgane ralbtivan gegomsaine Ueadepiaksio ahesd 9Rflate

fecBBPdK TRIFENVMS UL CRTPOUNER, BPSUAIRUM FACHANT HEASIRINGM:r but

non-polar, 20 heteroaromatic sulfides such as substitute ,
GO AR BRSO 8 SRoh Ly BUEHT R e g
sulffat heteroaromatic sulfur compounds could be selectively extracted

basEit@escmehartisitis ieditinbuted onlpd prisestiheteimpdsamatiessrally
a Hiresh thavohdbgeauWhirAtamyiR mwoﬁ%mﬂwggeh%mpm-bp@@m&w

irs of electrons which_wpuld ¢lassify them as.a Lewis. hase, thi .
polb el SEEaRElT e SamRl ARG R SRR W pacretion
feedRier I POIREPIBTds TE8ISER SkiPdetiofiHiHR aRiaiBria RIS Afipraly. coker
distipta podrids tetzigiieyvedovier hvetsdifibaltfieedejanie sogreatents fforemeadtn!
nirBgarEbAERIvaeH: theypy Hdappadde Pys!echHass B a8 aasm abshes ppm
o gb%@r%%ﬁgus catalyzed oxidation according to this invention, it is
possible to selectively convert these sulfides directly to into, more Polar,E
Lew 584, SY86xJGERAEE s TruPLSIRNBUAES \SlEh 48 SRRV gREC="
hetstpfsriaaliuRieier SR M aadeiBeadobeia e ARaRRS - SN 4IPS TASSCRISHRS ot
first equgdfulized e eghisiackhs regevereddtonmuthe oxidatioldacsdiphosderigely
emlﬁ&%gbegl@é@da&h%dax@qg@%e]{emcpg&ﬁan&anmpt{eq@@ FeRiisdmatlkRe. Even
oxidation.and adsorption of any nitrogen-containing. species which can
o R S R e R R b e ol e R Mt
WOl R dBHASH 4188 ATRe niBs- BRI 1i5ifS B dIetHiieH Rideem to be
exigaeiineby #Héerwisadatic ahinwerdse wlsolifcurxirastivie Wahatersreastichsutfur
cotlpRae Ve sinkde oate R sulily\WLIZA0G/Edr/@Berence in polarity between
thererddy 02 1046848, Amines are more basic than sulfides. The lone

o L B R R B R AR
possible to selectively convert these sulfides direcily to into, more polar, Lewis basic,
oxygenated suifur compounds such as sulfoxides and sulfones which are then adsorbed on
to the iitania-silica. Subsequently & desulfurized feed stock is recovered from the
oxidation/adsorption zone. It Is believed the process of the present invention also results in
the oxidation and adsorption of any nitrogen-containing species which can be simultaneously
separated with the sulfur-containing species.

Other compounds which also have non-bonding pairs of electrons include amines,

Heteroaromatic amines are also found in the same stream that the above sulfides are found.

11~



10

15

20

25

30

35

electrons on the atom makes it vulnerable to oxidation in manners similar
to sulfides. In one aspect, this invention provides a process for the
roduction of refinery 5 transportation fuel or blending components for
re(f)lrzi(éﬂr(ifogrgﬁssportation fuel, which includes: providing a dis IR
Amcomprisingrabmixt%e of Q dro rbE)ns and sulfur-containing organic
Impuritien: CoRtacting the Teadstoek WFiflf R’ SEHEASHRTERATM SRl etriAd -
Lowy Jiapg el b RseRpial insatelxrgadidsworkans treprerdnteof dhis pair of
elegkighatioriheatalystaemiprising:titat axisilicoa whiahnals eisgsvessasi@a,
adsofbeit. BesausgsonvernseRioiRd alr £80:0¢ 13 afldniBa.LLR 88 hery
tralBSRURN. AP SANGEANALON ALY ISN SRR DS 1aeE 1A, BRAHL F YO H6: o
The oxygen-containing stream pre eraebllrg/ shouldhave an oxXygen con‘tfen‘ci
Proy AP U SRR ARTEHEEHE TG Al AR ARG S F VR Ung
OrgpRIE fAREYesapeREdIp flie defiétiackiviindn imenaticerbiso crasuitregengén
depetirgdinAs thaseoskiiad intHegREerRadH vid @CQBINIZE:aBRIBMMprising titania-
sIELIRASHQ S ARG SXRIOSHE 8B4 e CORPAS LN RERWOESP CANAINDG, the

SUEMSNRNLO be selecied o avald explpgive regions, The, o
P oxygen-containing gas can becitctiatedih "&moan Paﬁ}bciﬁtg%?o‘fﬂl‘zlbo i8¢
OGBS EARY S BrE st p syl hsveTderpsyaer Gpatppiyrbat least 0.01 vol. %,
Anetigatio nfadsorgimrnsziore Canoange. ffonTienyaientdm 300! from air and
ineftr afiaeatlsfcanasakeuld0? ReiGHe ADAUKEAD Hgics MOKR RETRLAINY BQFhize,
ce@gﬁ) H&%Q&;H&g L?e QPp%LE\%O;%E ﬂg 'C%l‘(l)? Egigo%em%?craéu rg Ir'&a&ﬂ% i hould
oxidatign/adsorption zone can range from about i’%é’F to about é“&?’ F, )
Pe STETEIEbI AT SR S0P e to BB RUOFeAaTHEsTA &R ABIFiAied in
amaBBie e Bgog- e alRSLie 200100 Flaedexddabiofdadserption. process of the
preseatimeention wpesademkakastepsich howlyaspage welecihnrhiremmabouy

prffetebll frd: %Q&H%@O%QE&P@‘&I@J%M %&F\@Q@%‘Qfgﬁg’%&% &%&WBH%@B ol

abé%f ?({édmeSt preferably from about r' to about 10 hr -1 for best
resu ts.sé%'(cessively high space velocities will result in reduced overall
oxidHtfolsBPRIZNIEofptitnoxidairaiadspriine aRitm e /adse ioreproicte oo
abthiespe $eptefevantioon epins 20ithrae distiltaieofeedstaglsnseheating steout
sad-Redistillatsbeedstock is preheated in feed/effluent heat exchangers
priorrto enteriﬁ a furnace for final preheating to a targeted reaction zone

30 eSS P E A TR IRE RS Yo RLLRRR Eah B Rl ABRERISRiidh afiputd hourly
SPRSRY ARGt ERTBP SN pTitT BBoLdY Aneikderabie foreseatiy2 Sirddo
abdliespxidaliogEeReHOBrisaeially HHRINSEMIO, IN1RISed8 RPCIRGest resutts.
xSRI R Lo CAIIERRINL AR REMEER IXAA Red R aRILS, O e

catalyst beds In the same reactor shell, can be emp?o ed AFTeas'a

port eﬁ‘%?‘me"r?eaﬁ@%ﬁaﬁﬁ&wﬁ%&&w&&ﬂsm@seapg&\%@%hﬁeaﬂéﬁ%a
dispeifitfsisieskoniehestifor sise. inTtisedistibistitaegatode & Piiretedtimsidreuent
heaeexrengopicor is Roleavqilahioaconlingamayrkaipg v imeaddbmodghion zone
terGRPHRE: VIS SiSHER 3Soddt@ek can be contacted with an oxygen-containing stream
prior to, during, and/or after preheating.

Since 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 ufilities such as
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WO 2006/071793 PCT/US2005/046849 cooling water or air, or through
use of a quench stream injected directly into the reactors. Two-stage
processes can provide reduced temperature exotherm per reactor shell
a

06/071793 . TIUS 20057046849
o Gpﬁrowdge better oxidation reactor temperature control. The /US2005)

oxidation/adsor t{%n zone eff}uent IS zenerally cooled and the effluent

CoolprL SN TsO 52 AU &' e PLraTE P HEVIEAD FERGIRTeRgtY into the reactors.
TwerRipge rkesatani feng B is dRtErdhisreeiiee Bkt trs pradesshathand
progdy getecordaininggas pungeatate ésrafien controlled to maintain a

MINFRLERRIHBARNEHID O XY EEEHRAUMEN LN INR 023 PR SSE GO JAGHRAGLIN i

. zone. Recycl xygen-containj as is generally compresse
e B ORI 0 A S IR b recuceo

bach A8 15 RISy BIP) AN RGN 85 R 3 SRIELE S8R A lerg b RinaE P
mirPenpPd cesETftivayprasemtanly Bniioroeandsecddnithd cesclivapyrsorfRetycled
oxygasdinuininglids ieaetionizonenkrewsd leiinsacnkidead iy tecaitih Ohake-up”
oxyﬁt%@%ggﬁgmnma A0GRA0-SANSIRt Qﬁdqmsc@dnnﬁsﬁr{gxs%b&%g FSGAGHNS-

B xed bed reactor can also comprise’a plurality of catalyst beds.
o @d%ﬁtionally the reaction zone can be a fluid bed reactor, slurry, or trickle
bed' FeERses S s SpRplifivatibn raphe aajethestiseadf oh efaesdistisotmid
reactitabstewooid fatilitatekiladingbeodit| Essicoaven tienabeiplications tonskeof
ondBPRRESRENRPIESENEINNQRLP B RIS BN Sl iSnfRBtemRlaitddnakihe
beugr %%%ﬁi n%itnﬁel?va%ggg Qo%%rt!:ab eb%ag%gg Qéjc} P %C%( Idsmrourég' glcgplﬁaseg treactor.
terminals o |pe?|nes garage fore courts and on oard fael ce Fcontamlng

The gRiieimdreied uffisrrsiie Retagesieis ratahsteradhBgtiisicamengre!
lesopepisptichap epilicatinsiicire dntherbestes of twavescohtatyrtah oXidatietence, it is
conBenpEagha thepsessnis iRy andamrasiilisei adhiedbie enaddatiomrtianis at

terRAKOR AHHRSUMESO RO HANE KORHHISS: 4P JORY G IR Rg e
nes alqd or sglfomges. These svlfcilnes and/or sulfoxides are then

ulfo
Su'@ﬁsé%nr%év Oh 1o the Cat OI%?.F FHe 55 %%‘éee%"%?ﬁh? ‘disclosure the term
"oxidlatioeratalyse nefersdentitanidiadhCaiatning MBAlekiRSiSURD dashnt
imﬁmr@@m@%@@i@e—c%%Lgaamatsr@b%ﬁm%?wa}mﬂ%%ﬁa%e%g;hﬁ%&%s
to tﬁg%{lgg}’r?ﬁg&\lgm%ys e g%%\/ rascur*sog%%%.aﬁlé{sséss&%rdwgy Jaa? brs% okigégsgélzeqﬁén
Ti_concentration from O. i% to 50% atomic. Any surface area, any pore
ads\%l?ﬁ?no@. 945 FilfRosilicate zeolite materials. Several t}/pe of these
mafetidfs seneseil ifistHEtesarURe; trar foxigistacatlysSvietess to titanium-
CONRINIG MatETialFisHiNSs: Ti-ZSM-48, TS- 2, Ti-MCM-48, Ti-MSU, Ti-SBA-15,
Ti-MMM, AisbhoNs TitdrizEsilcandateirblS MTiase: someriok thasdeddibse in the
materials \wgse gi@se theddn the vedeyadigisantiled, Activesitesand T
reactive ir&%ﬂ@ﬁ%@?%mi%‘%% §_1',”%§'§§ Qﬂgjrﬁ&u@rny surface area, any pore
volume.
2. Titanosilicate zeolite materials. Several type of these materials are known in
the literature; TS-1, Ti-beta, Ti-ZSM-12, Ti-MCM-41, Ti-HMS, Ti-ZSM-48, TS-
2, Ti-MCM-48, Ti-MSU, Ti-SBA-18, Ti-MMM, Ti-MWW, Ti-TUD-1 and Ti-HSM
are some of those. These materials were described in the review article
entitled "Active sites and reactive intermediates in titanium silicate molecular
sieves” by Ratnasamy and Srinivas in Advances in Catalysis 48 (2004) 1-169.
3. Titania~Silica mixed oxides containing up to 50% titania,
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35 sieves" by Ratnasamy and Srinivas in Advances in Catalysis 48 (2004)
1-169. 3. Titania-Silica mixed oxides containing up to 50% titanic. -13 WO
2006/071793 PCT/1752005/046849 4. All of the above catal%tlc materials

THAWErd! g&:l)jected to silylation treatment, as described in S e
etaf in Wﬁ?09%§9%%69e8c£ef§6‘8r&%ﬁ’eﬁﬁ?ﬁ%%(e EPS“S‘ ec?e%ﬂt g ‘?r %\'jﬂ
ConSISng of AR Sifcate.

be select
;ig T? I?I%I%C elsﬁ”gf)%'& ng8$ t‘iﬁ':)(-!'j tﬁr%s‘:‘éﬁ? iNVelR{Br EaH achieve
desij_.;llf riz (g vel of beIOW abou ri%é)%gr]%and can a hieve

arre e eciive ftan lnm lected the grou
denitrogenation to a 1evel ¢ bout ppmw enerallyotm © group

congiztipbALERtamigaias i@"@%ﬁ‘&ét@d‘\%ﬁh the feedstock in the presence of
the hadatrascatdiiggtrasdiisnoridat oarealddnpti desziineatintiltthe ievel of below

ab@xmmmwmi@&mee&@ogmm&e@@%@%&&t@ﬂat@ma%fﬁulfur
Coné%%%ﬁ: 'Eﬁé‘k%%H%hnY&ﬂkﬁ t#?a IcatesINE LRl ﬁ%‘ fQé" HRRGhed e ence

desired capacit € sultur species ones OI’

oadin

of the iR Gl% ki Hifom 3@%%%9{%%%%% fB%é’ﬁ"iﬁH‘P?ng‘écﬁﬂw &R

efflyegfoneshes @ rideteitiad oHibatayist enbraidhrb@hoyishdraieaiasyhe catalyst

hasdaehed DEpkenedvepscill e radngthaas simotugeduighs g mpRIRBISE sulfoxides.
OX'%QO&EEE&{PQAQ&B%WEB@@ A BRGT W %@%@55&9%&%@3@0%%
J‘QOO degrees C atg abgressure of ahbout 0t ut 108 sia

NG 365?9 AR COATRS CXE RIgPE emp Bratire pyr(ﬂ}s pthods

‘”C’t‘%d’i‘HBrf@‘ﬂﬁ’@\'@aﬂ?g%"ié'i‘ﬁﬁ)@tta?&?éfw%6\9[&’?5’@%6@5}%{?{“{96{5 gyt ¢o
abcahd B pregsere ORab autresturald WO Psia abigh 108mnperattire presence of an
ow@&ﬂ—%ﬁ%ﬁmﬁ@é@t FRRditigRrainel yging s rnpaatuaRiabe W RARdRture of
abo%?%% bq’%g ﬁq 3 gegn%gsacp r?l%s%grgi ?Pe()% %gotlﬂ %bﬁu}abdb%ﬁ 00 pde,sa high

atmosp eres In the presence o rogen-containing gas an

te“‘&’&f\?é‘ﬁ? @G&%@P&‘F‘SH‘ %ﬁ"@ﬁ@%‘fﬁxé‘%‘i\f@n@ %"ﬂﬁ’&fﬂ%{ﬁ‘o‘?f RYRUaHL (R EPBHH RO
degrenar Goioe msrserstrasf aimdni@ile, ehmbtiy| Fuiferigeessinfilanmsesoetiof a
hydacigrnaaytdiesigaa by effectvesyerestamnng the oxidation catalyst
esSERUBCRACK NI '@'tmétaswlty i Re SQIVEDE @9&”96%?%&%;&9@%@"%
arried out cio |t|ons |n|? din tem‘pgratur of.abo Eépt? about 400
ae e e Rl SR 10 b s B e o siai
thec@ﬁ?ﬁ&?ﬁuﬁ?éﬁ}vﬁh%ﬁ@%ﬁ‘iﬁlﬁ*‘s&ﬁ%ﬁﬁﬁ‘hé%ﬁd h%l?@ﬁ&é%é[@@f?‘bﬂs
gersodilp ceisah ain &insditintd isdlfdingerieentration o atieet &fflireritogktiGicdegress

F a5l @3R089 8188 £R03RsNindicating Haadsihe, reenaiationiRasviesr catalyst
suc%%ﬁsmé'IM&QW%%%&%%LQ% ys%ﬁ??é%%?%{*ﬂ?o &B%&\H&?%@%Q&&mn in

carried out to regenerate the catal wing conditions
‘fheuﬁéf‘tiaﬂ‘.ge’gf?éhi?&%[mi;’é%f*ﬁﬁo‘iﬁ S YERTES 8 day g eaing s been
essgrdigiureresleted about 50 psia pressure. Ideally, one oxidation /adsorption

zongdatibhallyus pebioudesuliubzer Hienfeat stockwhitetianothenerate the catalyst
at RE RIS RN 7RI S:REMSrature of about 100 to about 500 degrees F and
a pressure of 0 to about 50 psia pressure. Ideally, one oxidation fadsorption zone will be
used to desulfurize the feedstock while another oxidation/adsorption 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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regenerated after desulfurization service. In order to better communicate
the present invention, another preferred aspect of the 35 invention is
d((—:-}pzlc(;[e/d schematlcally in Figure 1. Referring to the schematic flow 046849
|ag?a6rr(1' d'eplcted in Figure 1, a liquid feedstock from Feed HHK e
wh ra§£s§d t roug# conolgetd15'th ] WO 2006/071793 PCT/US2005/046849
RArE HFSIER SATdl SR A iR Sdu(GRIrs ThraBd A iehedinsUivg W AROF g 2bout
7 mﬁ’r%%ﬁ?f?%r?f@[ﬂ%‘ abar@{evhﬁ&@?}emm%km or preferably 3 mole

perdsatrostygénl fieiprehdiated anixiure«f dithtachaisantd feethtisthesrption
zorRAARCONRABYHIAIRNASSURION nzgne 89&92&?5&@!5‘@%@6 Qﬂ%‘p@g@rggnd a
nqd‘&zf%l?% ? QJQ’\?%%?’ s QOo %e'-gfé?- ‘r"(ﬁaa“dﬁfe“al:' uray ed bod

O 7 hr' orpre era e zone can

0‘%\%%%"%&’5%? Jv*v? f??r%ﬂf@ﬁ*%%“&%ﬁﬁﬂ%atdaﬁ‘i‘& i ﬁF‘fH%CPéé?é‘E&g
orggltfuERESISRAI NG e oigranieck perei exxifiztive e daigtochrerpwridiz editmek eind/or
suliaifespendingisulfores/ ansinsxseifaxidasnl hesersdlfongs arM9siica in the

oxighlfmddes At e, adsorbeddr thedianiaesiicpyi %a’uon/%dsorpﬁon zone is

d tion/adsorptio The reaction is exothermic and

0

°P%“S"’<|a‘? fionfad: sofg tfgﬁ éoﬂtgeis eo'n%eg}p R acrﬁ%ﬁ%‘gr°§\38H°fH%quﬁ8“ﬁgé%e
Preferaie ARRirBohErERIEE foxi %ﬂ&ﬁ?ﬁ@rgeﬁimr@m%e prafbeatiigade sentlst a 24
hoxyeled@sitictivétloxitatisniadsorption BoResOapiestntc mianciaudt 2difur
spdafbEtRYCIR P sRteN wﬁkbmeerqfépg&ms&a%e&m Qé@%@éﬁa\éé&é%non

zor%% %&I@%@Ct\nﬁéﬁgﬁ O?ﬂ%%'f}?&ﬂgp t(I;l roe,:[ te%g‘)a(%c@e oxnfg%m catawﬁ (?rc‘ﬁfe uent

operation c ce OX] atlon/adsorptlon zone wou e Swi

S*“?ﬁ“?;?aé% B 2B RRION B e RasserdodRaeint afﬁb@fﬁé&ﬁ?f@ior 30
where ) IO RIHDPretisbp thsndrunec @Ot dnrpremsert fo Reaotdn efluentle gas

strapparaiqiassbdvb Bre&dJIOVDEIITED RrRALSE MR MANGIGR MPARE AL iscovered in
stref&ﬁc%eéﬁg 53%%9«% %{Jreé%rg@y&tﬁ,a% 5%@%%%&%&%%?&&8&?&8 QéJstSor

70) dianSCOc addlt{ n %) fur rod uct:t Is recovered |$ streafm 3
3 PSCy e SR8y S arF %‘Fye?%roagﬁr&%%&ﬁ figag g make-up
"W&%mpressor 70) and recycled to the oxidationladsorption zone after

appﬁyargaae AHLORS RESNAKEHRL ANV I8 M Frgagﬁsr%t Qﬁ%%sse in ths cas

meg‘ ziltlon/adso tion zone 40 in re%eneratl n mode._In this case methano

asséjtﬁ?]rougﬂ%ugﬂ'gté?‘ﬁ”?ﬁ?é’m %%h"?ﬁ%ﬂ?&ht@ﬂ‘aﬁ%‘?g‘?o%‘éaW|Eﬁﬁﬁﬂr

Veﬁ@aﬁdﬁ FeRRUPHE |0y Sy iTar A0 clgse0i e rersotbed et en antiortsides.

Thisutgrresatiod fonsisdadd esnotdia egeRarbdiv Vpsd trsadea e Blfvestnand/or

suuf@m%SaaB9&&%@5@@@%@%%&%9&?%&%{%@ %W!%%le of the

cat%i&e“}l%'){wé%sﬁ?&?an fu |dat|o 9!9 tlt}/i ds nsdc%g a?nﬂgtlog &G %9'@ t%en assed
The methano one andlor sulfoxides-con aining stream,

to %ip@‘iﬁ‘é‘ﬁ*ﬁa%‘éﬂk R?‘Hfgﬂéﬁﬂ“ﬁ?é?ﬂéﬂ GPIAPK Prsr stthe ﬁéf’é%@%?‘tﬁ &ﬂﬁ‘fﬁ"ﬁd
in Y@aVhE} érehearmethiasitiois: mcbverdidxitesiretiranosfream &wastevasiiostesam

is andlenswioxidesimethaaotsireansil . ibhis wasiersikeanioks: ehatiyalsdome
hy&%ﬂ’éﬁ% é‘f’ﬂgi@%‘r Hﬁ‘tﬁ‘%&%@sﬂﬁd rﬁ\%@&éﬁgﬁtigﬁ) If%er%rrﬁigisc@*%g carried out
at the same pressure as the oxidation/adsorption. Preferrably the desorption regeneration is
carried out at a low pressure equivalent to the pressure in the distillation step. The methanol
feed rate can be the same feed rate as the hydrocarbon feedstock is fed o the
oxidation/adsorption zone. |t is beiieved 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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30 hydrotreater or off-site for further processing. The desorption
regeneration can be carried out at the same pressure as the
sorptlon Preferrably the desorption regeneratlon is carried
%qgtéa&%%vgpressure equivalent to the pressure in the distill&fion s %5’ e
" rgethanol feed rate cart\ be the same feed rate as the hydrocarbon
SrERiS SR Keea Y the BRigdimivMesorpirseoBREaT iE FfevaL APl Esteng
a s priigresstiverc and ySin@RmEtibrsb lvearvised5 required to carry out the
desBptiomvegenapitionrpresesdnSubseqpuestio ithertesortiendstepodiacoe
no@fdatian/adsesntinpoanngcan bediss F@M&I& "RRAVE YIS HeMANIAL
En\1NethanoI After -15 WO 2006/071793 PC'T/US2005/046849 the drying
step the catalyst in the oxidation/adsorption zone can be calcined at 800'
F using a 3% oxygen stream and ultimately put back in service. For a
more complete understanding &KéiéFbFesent invention, reference should
be now be made to the embodiments illustrated in greater detail in the

Exagn FB{QM:‘?S&!‘LQ?Q u§e99|ﬁ’%é£%ﬂAMﬁ%Lﬁv%nﬁoW%' L{H% S&!;%%K {%c‘)%%c%t'y%t”%%d

IP § |n en onbast e oxidation catal St and 10 sulfone/ su XI
S S SHY RN S A R A 3P LSS &8 é%b"ﬁ?»an%é PR SIHGGH YO tgpicate
W‘*We%’%lHb@%%osg#aﬁﬁ%ebf%ﬂéﬁfﬂqﬂy‘%hﬁééWdﬁtmiﬁ@b’@%h water and
forimathiwoi bgewitithvite toanay dosatedite elapargoniibstiratéo piy eabeisgithe in
HoletRetauior thesilicaie sdRRORMmS ALAP %y Hilwas agdedulicR WaSin

t?‘ﬁ’ ugle nt ter.layer. The two laye erel-‘il dwnth S|rr|n to
st Bl S Y B SR R Wb ot

‘ayé'inﬁh&fw@agyeff*w%rchelﬁ'ﬁ% %jﬁﬁ%r%@aﬁw%ﬁﬁ@d 1 MegpWisretdges. atrfgom
tengpsrgirs Hripddicropnpeliteniperstisevée wreblertevith SolidrsTdievstelidowedice the

amslaghedwithaciitersobvaken gsadueaithesamount ahetokhe-saalystiy be
cai%@%@'@ﬂ&vﬁc{ﬂwh’?@éjgg oPcaT fRrselidLan.gptionally be calcined at

500 C for 4 ours The of catalyst was 82 grams. Three titania-silica

catal) e PRI "aaa%ata §§n%583539'0% %%‘frébﬁﬂﬁg&&“?ﬁ%l pahgedgnd were
moRdy AP QUL Vel e dtaapdtFetaliet Catanjaines corrbiprngesiriiins of the
andtesrcpoifradiph 90l ithesahatase palgmorph of TiO2 as shown in Table 1.

Table | Catalyst Wt% anatase Avg. cryst. Size, A A1.4(1)85 B--C

1.7(1) 98 25 The three catalysts W%{epround in a mortar and pestle. The
X-ray.powder patterns were

" Catalyst Wi% anatase Avg. cryst. Size, A
A T4(1) 85
B N -
c 1.7(1) 68

The three catalysts were ground in a mortar and pestle. The X-ray powder patterns were
measured on a Rigaku diffractometer using the standard configuration. Catalyst A was
blended with a known corcentration of quartz internal standard in a Spex 8000 n‘ﬁxer/mili,
and the pattern re-measured. Quantitative phase analysis was carried out by the Rietveld
method using GSAS.
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measured on a Rigaku diffractometer using the standard configuration.
Catalyst A was blended with a known concentration of quartz internal

in a Spex 8000 mixer/mill, and the pattern re-measured
gﬁ’;&ﬁ {é&tl\{}e phase analysis was carried out by the Rietveld Pgﬁm”ﬂ?"&“ 6849
using GSAS. -16 WO 2006/0715793 PCT/US2005/046849 EXAMPLE 2
Experimental Equipment Pilot- SIS were used to evaluate the
performance of the catalyst with a 5 350 ppm-sulfur-containing diesel
feedc eerpdotas Eatépmantor consists of a 10.5 inch length 0.75 O.D. x

0.438iRch P uXd- Q@?e"&%@d"‘(é"!a@%ﬁa‘?é% Ieehibng, Jhe, 1 sa%CtC}]F: a

temperatures were maintained by three elect rlcaII eated SE&IOI’]
3oL BRI S WA ROS L Re F?i%%ﬁéf@ﬁdfuﬁ‘i‘&d@'%%@af%@?&*ﬁbéﬁ?&ﬁﬁ&%ﬁth@%mﬁ
lerggiotibns Guigre: OotiBdhied Y. acprogsanumakle TrfuideyetbiEreusRRf The

reSG epinkAa LhermacouRies an %9%@@%%&%% eﬁ% oA SPEUNS, N ¢ the

addition, a 0.125 inch O.D. stainless steel thermo ns hroug
TeRR AN S B tha T BRHBH O ISR diPho dBEdIeMRBIA S OhBeRe coshires
we(mhre:en‘moﬂleepdvmt thepmgcouplebieitt@hmacingihtaaonier iteskale point
thé f@m{e@w%fm@regew@a hIGAGINS coppiigm i %Rf%%jﬁég%?g

filled with alumina chips, 15 sieved to a Tyler screen mesh size o

SIREF StanliaRy “‘F‘é‘%ﬁ’h&‘é é&i@%ﬁhw@ g1 erder @ SIS MRS iRty the top

hohieedeal moliesoine tbd vadenpitlith@coeitiaysit chesinedotpla Witler'Seraeing)

to mgﬁbﬁgg%maﬁgatﬁ&({g% apdard Testing Sieve by W.S. Tyler). The
em

remgjnder of the reactor perature zone 4% was filled with alumina

chip&"SsRAGE B RS TR ﬁ?’e%ﬁ‘?ﬁé%fkﬁsf?i%h@? 7o fled SRS AR chips,
sighedting Sideresoredi. B1e20 Jxder) R0d-d8eUBA StandhdoTentrensiaritow S,

TMPWH&@%&%@%% thig ﬁ@%@&%% \Qéﬁéj%&%%tﬁ%oﬂf%%tﬁgt ’}/Et?%rushed

down-flow mode, but was also been operated in an up-flow configuration

to & BHSHREABN Bo e 20 1404 W hatigar Q%Tﬁﬁfm%Sm SR Tyler).
Theilceeaimaniwd den festagdttopidratizactonsAd} oxyg éeanaliyz eningialledps,
siclewRsY e dibe, 218G NSRS A IER %@9@5}&9@&%{4&% e Bwa

t ambjent pressure. A precision syringe-meterin O e|ver
TR YL BB SRV S HPENE-AER T e R actor was
pregmpiopdeiy opetiied dadter grehchive oneeahdithastemmpdratarepyaded in an
upBRLHA @Imthe centerline by thermocouples in various positions. The
Ilquggg from the [eactor flc%/ied into a cooled high _{pressure
sep WSt 465755 S?g‘éﬁ"fﬁrr?rﬁ%@mﬁhs JaEeeemdinigthin
ﬂitfhee@uﬁ@ﬁp@essi@réﬁef ersigadiorayoperataigzer installed downstream of the

reactor measured the oxygen content of the off-gas at ambient pressure.

A precision syringe-metering pump (ISCO) delivered liquid feed to the reactor. The
feed was preheated to the reaction temperature in the reactor preheat zone, and the
temperature was measured along the centerline by thermocouples in various positions. The
liquid product from the reactor flowed info a cooled high-pressure separatorfreceiver where
7% oxygen in nirogen was used fo maintain the outlet pressure of the reactor at operating
pressure. Reactlor pressure was maintained at 200 psig by a GO back pressure 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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pressure. Reactor pressure was maintained at 200 psig by a GO back
pressure regulator on the off-gas from the separator/receiver. Liquid
mples were drained from the high-pressure receiver/separator an
%%a 5‘2@}1 c%' sulfur content by a Spectro XEPOS XRF analy%?{%%?&
E-l? WO 2006/071793 PCT/US2005/046849 XEPOL. Nitrogen was
XERRlermiEa By YRRTRTIEdcOK e sliiireperifR aticitiva sheeticaian ctas
det@iinaccsiireghtiay Rithvdise Rulfuspessific duesttor For these experiments,
10 ¢ochesdalysiivenes cliacgetkimalie werciturdJeaes tlovedates Pak Gow rates
weRPEFBIREAIQASRIRVE 3 liguid AFkaricSRacR eI IR ARG ML T

eed in 5 cc/hpur divided by char dvoLume of catalyst in cc) to range
co/ o T St el oL b ol e e R oL P inere
reagioRASRe IPE GRS MARERTEF PO BEERYE AftérTthe reactor was charged

with catalyst, it was pressurized with 7% oxygen diluted 10 in nitrogen

gaspiRnesiganeh8asflew was established at 250 ml min'. The catalyst
bed, was saturated with aé%proximately 50 ml feed. A feed rate of 10-50 ml

hou™ WasthE ShitAR S oo RS LRI AN TR Algsridged sib Adh Ry fRgiivted
n HEgeR0r9Rmat A% eaterridienavaspratabing e ripSttdreiol . 3004868 st bed
waA e thieddetiregmpearnaticg sonperatura was asbieved, sthertesi:pegiasthen
initafd lianig F%ﬁ@%gt é%&@H%t?‘é&%E&Q!gkQMé&ét%%?@agzé}%%%Q@%%g’éﬁlﬁhe

nalyze conte a. Spectro mode )

op g G R e B b onoves
thedgthRFsinsPprdiakin Rsedisi St eeliveiad priribidntenstispBitt ikaldigrrduct was then
anaizeil fientil@nententVop arforotite KEBD theatetKBR0 estFamtabizepeTibe atadtist
wad\RiRit0iR0iet dacivaARSplihinjeehinn i ertAkSe0shRtA30 meter by

0.32mm i.d. fused silica column with a 0.1 micron film of

polydimethylsilicone (DB1). Column temperature was held at 40C for 2

inbIBESHER WiotheinRadalvel fYaledli®io 300C at 10C/minute intervals.

CH-C 2%

d
3146849

Thetnansferwlimerdions idfaiendeidne eatumortepte BRRSISPE6IYRBIELIDA
spIBEERNBSNAIARIBENS MaSReSPEF BAWERHE QDIAIBEdiRLA-SEAM (RIS 20.1
m;ci%z RS, Sr[n@}ﬁ%liggr?eaﬂ;a é eifner 3000 mass 25 resolving 38‘}'3? 5

, Og mass rgsolvmé power. Results and Drscussion: Experiménts wers'
midgHGete WP atRiiTesit RS WaaRst LS i deprvms. abhasnsisy line
fromalingded o pelniestsdtdontdsdsifatte@diatoveoVitiileahbetties sbiced \36s
spasas dewingathsough Baencatalyst bedcindhgdreginning Rkthe-axpettnembss

res&gygmpqug W@évfﬁ&dm@r.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
Al na S itouspiar: switched

StrengsHiseana
Experiments were conducted with a titanium-silicate catalyst using diesel fuel
as the feed having the propetrties 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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to a gas flow made up of 7% volume oxygen in nitrogen. As can be clearly
seen from 35 the results, the gaseous molecular oxygen was efficiently
utlllzed b}/ the catalystto 18 WO 2006/071793 PCT/US2005/046849
W&t thé 3ulfur content in the reactor effluent by 74.72 pepgéwsaﬂqgggsw
ex erlmental results clearly demonstrate that the titanium-silicate catalyst
e C\k'/% Efe SN FeNRinY stifur BBAPInE g su¥An A nReaeaBusT hese
expxigeavaspitcantaily thiefentiges. Figued gtaphicadiiicdepictadhet was
<8R LN RYRAIKTIARA i res A detianlen alle ot DRI JIGR IR0

q‘l ulfur com qunds were present in the product as w e prese tin
n iy

Bt B o ErPRBIEUNASRIGR PR tREYLF ties RO BARYA B
metheéthit iy atebiers detvaibdnsiétretberspenticatalysbuieveatad fhesent

in ﬁ@%ﬁiﬁiﬁ:@ﬁ@%@é"ﬂﬁ@s@ﬂglﬁ%@%éd%@pg{t@%w&r‘r}fmﬁg g&ncﬁowever
chﬁgnzotﬁug% (£I %eca se acid wash Ing would be expecte

VBN TVE' oﬁégagﬁ?ﬂj SUNGRRREIS I e afient catalyst
revesisantiullprenecwert seifnpided, amestéinneorioladdithat therersvetednGi-C4
d1b§Hﬁ§’cﬁiQ§ﬁeﬁé§U§88§§s@ 36R Rraghied apthinat hewbad Besn-ataarhehan

o the c taI t Tabl 215 Dlstlllate Feed Composition Analytical Tests

SuODE AR ISR R AR AL S5 BRI HESR SRR ot PP o0
conpBRip) Wﬂfrdi@,&m wimne 2888idéurrSpicnatioin th«Cdr@kry atiiohbehey, had
be@péﬁs%@&po@t&ﬁe%@ﬂgg?mphene& ppm S 2.36 3- C3
Benzothiophenes, ppm S 9.56 4- C4 Benzothiophenes, ppm S 25.42 5-
Dibenzothiophene, ppm S 9.31 6- C1 Dibenzothiophenes,ppm S 79.78
7- C2 Dibenzothiophenes, ppm S 1156 28- C3 Dibenzothiophenes,ppm

S 60.47 9- C4 Dibenzothigph@ResF PR sipoéfiolPtal S ppm 367,94 20

-1
9 Analytical Tests

Feed Inspection

XRF Suifur, ppm-w 356
Chemiluminescence (ASTM 4629) Nitrogen, ppm-w 233

Sulfur Speciation

1- C1 Benzothiophenes, ppm 8 0.30
2- G2 Benzothiophenes, ppm 8 2.38
3- C3 Benzothiophenes, ppm S 9.56
4- G4 Benzothiophenes, ppm $ 25.42
5~ Dibenzothiophene, ppm S 9.31
&~ C1 Dibenzothiophenes, ppm & 79.78
7- G2 Dibenzothiophenes, ppm S 115.01
& C3 Dibenzothiophenes, ppm S 60.47
8- C4 Dibenzothiophenes, ppm S 85.73
total S ppim 367.94

-18-
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WO 2006/071793 PCT/US2005/046849 Table 3 Feed Product Acid
washed Product Total sulfur, ppm-w 356 90 70 Sulfur Speciation 1- ClI
Benzothiophenes, ppm S 0.30 0.00 0.00 2- C2 BenzothlophenesS pm
¥48%5°6%" g 11 3-C3 Benzothiophenes, ppm S 9.56 1.25 1. By jg 51046849
Benzothiophenes, ppm S 25.42 5.90 5.43 5- Dibenzothiophene, ppm S
9.31 0.00 0.00 6- C1 Dibenzothidg®&®s, ppm S 79.78 17.80 16.14 7-
C2 Dibenzothiophenes,ppm S 115.01 25.05 22.67 8- C3
Dibenzothiophenes, ppm SiEed47 16.2844198 284 GdsRierzmthiophenes,
ToshEHS G878 19.54 16.72 tct# S ppm 387.94 85.84 7728 Table 4 aid
P~M- 1 MF uiV feedgas gsfad MAd S1 PoEYN, P0|dO Palx3
'Mfeg%jfﬁ% eggs Pasen %g SWr %tl 4W0 type PD 11 rpm on VA%
nggn k8 sbean, gglnt Tl Og,c(;g 2004221 56 310 126 356
3-23356:6&&8&%4 4623% Tl.lkele 200 322-ke 20 310 174,4.10 3% 733 2200
4- C2 92%ABPBEYS. Arsifoe 202323 1 7%02290 iW 176 4148 3% 233 22.92
5‘@9%@’6'%&@%%@ sgirde 5531323 1 7%0& 250 W 1304010 356 233 23.67
@eﬁeﬁs‘?ﬁ‘a§ 2007378 1 7909 $&6 120 134 1¥:19 355 233 24.34
g@g zothio Pl ?%T?yéje 258852 1 794pP 256 156 1944710 356 233
0. D BhOHREIRAD £4de Ti ShEUe 207 393,1 79602 251140 143 0.10 355
10i@332R.64 522570 33.63%s7F gglime 2558322 1 7%0226,209 146 010 356
233 2656 4262% 39.461b Ti spirals 256 322 1 73902 250 230 156 010
356 233 27,34 35.33'/0 3353% Ti ailyde 3% 322 1 7390, 250 256 164 010
356 233 28.56 236% 22.61% twee 3% 305 1 7%Q 250 346 246 0.10 003
253 356 233 17.07 261% 558% 530ia%39% 329 1 71/0Q 256 345 243 010
9,03 26 36 233 4303 256'% -4252" EXAMPLE 3<Two different methods
Were iie T rerratng R dBac it aied i ST S hER St Thewxa0 st
T&ge%rathgzn ("A") |rgglud7§bd heat treating the spéfit catalyst in flowmga s

TREFOQEN (527 2F)1 2 3 1M 0D B oW WO 1290% B
Tislcade  am " 7%02 % W 1B 0 B M WD DA% A
lisic 200 323 1 ™o M @ 1% i 3% 4B BT T A%
Tisfcge 20 &2 1 WG, 20 40 1M <1 B O/ AN B 4%
Teficds 0 3 1 ™D 2 W W i) W6 2B BM B4 0T
Nshedte 20 @ 1 %D, 20 170 3 0t 3 M 58 Mo BaW
Tishote WO 3 1 %G, 2@ 20 M8 010 BB 2B BD  OEY DA
Tilete 0 3@ 1 WO, 20 20 18 010 BE OB WM B BO%
Tslede O xR 1 TG,z 2K B4 oD %6 2B WD X  296%
e H0 XS 1 %O, M M5 26 00 003 A3 48 g W0 281% S
none 200 329 1 Fi-le Y 250 245 243 010 o 2665 X6 3 4300 308% 42%

EXAMPLE 3

Two different methods were fried 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. Resuits are graphically depicted in Figure 4 and set forth in
Table 6 below.

-20-



followed by air (950F) for at least several hours; see Table 5 below. The
second regeneration ("B") method involved soaking the catalyst in

me tmaﬁnol in a sealed reactor at 310F for at least several hours/f%gg} ve 96849
%Sca EHA{iBns in flowing 7% oxygen in nitrogen at 800F for aT féasf

several hours. These regenerated catalysts were then used to carry out
15 the process of the invention. are graphically depicted in Figure
4 and set forth in Table 6 below. -20 WO 2006/071793

PCT/ 82005/046849 Table 5 H*e@séwwwmawg@ﬁ@wem@@@@mcwmw

Regeherationh proced caialyst, Catalyst fiiher calcined i 9;35 i
conaensate anu WElqneu I'(UU&“IIC[G.%IU};AI plugt‘uwc C 1 {IE.{Q;;U}

gs:%mf 2 9RtaR to 950F for 4 hr. | Spent cat before reg >nerat| n
& ) ¥ . no I4 LU ('l H o+ O
{;mh&;y o)f,, 4% b 1CP0: lm% 22717 arogtt Wwita-3:06-Nitrp-et
Hygepes @22 - Spent cat after regenefdfion Sulfur] wit% by ICP 0.0066

Nitragen, wit% ol do3ZA Ha A Cahn v 7D Quinanlt
bdrUUH wtoo-1; UI Hd TOYETNwi7o O. 3 TNITQQeTT=rpir=vw 7 £ —OPeHt

(‘ngradp nsate collected duringiregen wt 4.68
NG Y P
,uhl_gg.—;n ate-oxifur—+Mnfo-Tablte-6-5 h

e k&generate with nitrogen at 572F

O
PN R TN T b ie
thafiol-at-310Ffellowed-by- eaicine6on-a

YLt Asfora A Stion-at-8 L_%#‘h)n /aen--products..Feed$. his.o
ConaEn atec ecied Dinhg regen wt Bg VI PP . . o
ﬁ%&ﬁﬁﬁﬁﬁhﬁ Feed 5. his on % desatt productS;|Foods-braan-9
Qﬁ@%ﬂﬁﬁﬁhﬁpm stream-ppm.ppm_dredm ppm.ppm.siream 80 356 0.75._....

91,57% 60 356 1.50 83.15% 35 355 1.00 90 17% 70 356 233 80.34% 62

356 200 82.58%

Table 8
5
Eresh Reugneration A eneratio
rageneraie wilh nitrogen at 572F followed by regenerats with methancl at 3108 followed by
cafcination al 950F in air caicination at BOUF In 7% oxygen
product 5, FeedS,  hrson produst S, FeedS, hrson preduct 3, Feed S, s on

per Rpm straam o desit aam ppm siream % desulf prm pom slreem % dasuif
30 356 075 91.57%

&0 358 150 3.16% a5 A55 .00 8017%

70 356 233 B80.34% 62 a5 200 82.58%

70 358 3.00 BE.34% 160 356 333 T191% 70 58 3.00 80,34%:

ar 356 4,00 15.56% 130 358 4.08 63.48% 108 356 4,80 69.66%

106 386 5,00 70.22% 150 356 4,83 5508% 138 356 4.00 B1.24%

436 388 8,00 61.80% 210 356 558 41.0t% 173 358 6.00 51,4

220 358 633 38.20%

Results indicate that it is possible {0 regenerate the catalyst after it is deactivated in the
oxidation/adsorbtion zone. At this time, it is believed that the strongly adsorbed oxidized

15 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.

20
EXAMPLE 3

In this example three separate deactivation runs were carried out.

21~
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70 356 3.00 80.34% 100 356 3.33 71.91% 70 358 3.00 80.34% 07 356
4.00 75.58% 130 356 4.08 63.48% 108 356 4.00 69.68% 106 356 5.00

48005

356 4.83 55.06% 138 356 5.00 61.299% 136 356 6.00 _
356 5.58 41.01% 173 350 6.00 51.40 220 356'& 358055414

Results indicate that it js possible to regenerate the catalyst after it is
TER lctVRYS i iSe SRl ioh PAEB BHIEH YBR e AR IHePAREY ipfs theIraRlst or
recqyan & Strdisyis riEdetbed oxidized 15 sulfur compounds on the surface
of the catalyst are responsible for the catalyst deactivation. it is believed
nitrogen compounds that are presgpiin the feed oil and the oxidized

nitroaen

Aitrogen—compounds-(in-the-catalyst assisted.oxidation reaction) may alsa

play a role in the catalyst deactiVatioss20EXAMRLE Suln 411 10)amphe 4.5
=dh [ee s.eRarate deactivation runs‘W@r’é“&"a‘i’Pfé‘éﬂ)ﬂt‘fﬂt%‘.@ PYEPOOBIOZIFOR

BEHE 8 Hb5/0466849-Tabte 7 Shoyys-that-essertSiVfof the-sulfur-was

- , THhrtest - o) 30 Py test A5 hrtesf  _
cd#eAlgelr depaosited on the catalystor recovereajmrtnefiquia-prpouct. frapre
cafhrbesdiparate deactivation runs atiikilsdlr, 3 hir. amdidsb Nr 0 M&Skeate
A9 htEREE Wittur-and-determine- SN EYels- b Rulipbseriion dapilybt 495
Oraratinst Seaditiorsst 4.5 hr test Catalyst Catalyst Description Tt silicate Ti
Reacline SrprerusiBate--Age-of Catalyst-hrshe-" out 6S03neout(3.00 oL
Presouts, 05 9 S - 20 200 20
GadEn Operating rat Conditions e eduwmmyrnpérata%%}@?’s—
Gashiay RetroscemDragsyre §i.200-200-200 GAs Eeed. 7% 0291 12 1% Q2242
Feed Descrpfioh — — - Sfnished dissel — T finishad, diase) Sinished dipgel
Feel TRV N2 Gas Flow Rate; sTeiT250 ¢2p0 250 —Feec iptiBRHieRed
ol inj teseH-fin tesel-Heed-EHSV 1.0 [T -Analytical- Resulis
AI‘I [ s oo E-Hom. oo DO )
Fad ) W 3357335835339 335 83555 335 335 335
Feed total nitrogen, ppin-w 73 73 73 73 73 73
Product nitrogen, ppm-w 55 22 50 16 &) 20
Produet sulfur, ppr-w 286 60 276 70 284 90
Produst weight, g 84.43 1719 5 8402 32.93 83.77 5096
Absolute sulfur in praduct, g 00241 | 00MO | 00232 | 00003 | 00238 | 00048
Speant Catalyst
Sulfur, ppm-w 580 1230 1130
Cathon, W% 21.683 16.47 2427
Hydrogen, wi% 3.48 2.36 3.33
Mitrogen, wi% <0.10 <0,10 <G.18
Catbon, Hytrogen, and nitrogen, combined % 249 18.83 27.60
Calculations T ) I
wel catalyst wt, calculated, g 1241 11.38 1283
Total sulfur on wet catalyst, g 0.0072 0.0140 00145
Total feed processed, o 101.62 118.78 134.73
Totad sulfur processed, g (0.02404 0.03911 0.04513
Tatal sulfur in all product culs, g 0.0252 0.0285 0.0284
Sulfur mass balance, % 95.11% HEFEEE 94.93%
ﬁ?ﬂn stream - 5 3.0 ] 4.5
% desulfurization L |B2.09% . 79.10% | 73.13%
% denitrogenation — 69.86% | . 7808% | __ |72.60%]
EXAMPLE 4

Additional runs were carried out using amorphous titanium silicate and a mixture of TVMCM

and T¥HMS molecular sieves. Table 8 below and Figure 5 show the results of these runs.

29



Feed total nitrogen, PM-w 73 73 73 73 73 73 Product nitrogen pp,M-w 55
22 50 16 58 20 Product sulfur ppm-w 286 60 276 70 284 90 Product
&g' (mgl% 43 '17.19 84,02 32.73 83.77 50.9G Absolute sulfur in o149
0.021-0.0010 0.0232 0.0023 0.0238 0.0046 SP&Nt CAANSEH
Sulfur,_ppm w 560 ~ 1230 _ 1130 Carbon "M/ 21.63 16.47 24.27 H
drogen wt% 3.087--- 2.36 3.33 Nit en, wt% <0.10 <0.10 <0.10 Carbon,
Hydrogen! and nitro en, combinetkRig 84.91 18.83 27.60 Kcal au'ast w
,calculated, 12.41 11 36 - 12.80 Total sylfur,on wet catalyst, g 0.0072 ~
0140085 TotSL feedh rosessed sy’ 18%. BRPLD. T3S Toll wenfur

2000CQ‘§1‘%991‘1I9M9593140%60 031%11 O 0453]7% TOJB%I Su't:l!”‘ In QJl prqguc;t gla'lts’ﬁ‘iaf
%5»@'02@14 1 s@ulfuwmassdaalaiace %61951@1% sttt ] 5337%

60.28%

6T94T@4§W‘“ e eeait- ™7 57 0~"" 4™ sulflilization 89 '73.1%% 5
Bnitrogelisiiin 69.88% 7&08%] 72%6% 1 EXAKPLE# 10 EdditBhal #iks
sgvere carreee out uskty arftbrphdus titghiuntsilicdte and a miture®f %%
Ti/MCM and TUHMS molecular sieves. Table 8 below and Figure 5 show
the results of these runs. -22 WO 2006/071793 PCT/US2005/046849
Table 8 hrs on press. gas flow Wgoduct Feed S, Food N, stream
Catalyst type psig temp, "F LH eed gas' rata, 5, ppm N, ppm ppm ppm
%tlesuH scem 2,00 Ti/MCM & TilHMS soigol 200 318 1 3% Or 260 92
FigRG3BEGR33MR4d8Yts o OOrTUSMEIH &TesMS Boiged2e0-8 18t Beodveson
whdi@f 48R &08RB3VEZ 3% 8BV SWEHHMEBSOigol 200 318 4 3%0i
250 177 163 366 233 6028% 2.25 Ti silicate 200 321 1 3%0, 260 74 44
366 233 79.21% 3,76 Ti silicate 200 321 1 3% Oy 250 50 28 366 233
85.96% 6.00 Ti silicate 200 321 1 3%0z 250 106 47 366 233 70.22%
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5 EXAMPLES Figure 6 shows the results of various runs carried out in
accordance with the invention wherein oxygen levels were varied and
temperatures were varied. -23 That which is claimed is: 5 1. A liquid
phase process for desulfurizing a distillate feedstock to produce refinery
transportation fuel or blending components for refinery transportation fuel
wherein the feedstock contains sulfur-containing organic impurities, which
processiGHRpLsasinad gontacting the feedstock in the liquid phase with
an oxygen- 10 containing gas in an oxidation/adsorption zone at oxidation
condltlons in the resence of a SO|Id oxidation catalyst comgrlsmg a

anitm and R BrRCTRAARRRR o !?é’n corqu%f"??v t afJ¥asia peAieITTT
SuiisCaldl ?&&ﬁgmrﬁm e%é?@ﬁdﬁ i ”’@E@ sei !

adsorblng the sulfones and/or Su|fOXI es on to the OX|dat|on cata yst;

(c) recovering an oxidation/adsorption zone liquid effluent havmg a

reduced amfﬁsmt of SL%”UI’ con |n|nfge| Olérltle and @) emovi Qfg > on.
absorbed sulfones angfor SulfoXides from the oxmlf%1 i ca?alys to %er%f/g
regeferst8 Me oXdatiéh céfh%@aW@dWEtﬁfbé@%% Bf eXifior whRrshdprs in the
the regmretaticnassoif riediaithbyatoytactimgritive catittysirwithdr@ib@anaintaining
Unde!‘:&%ﬁl@rﬁ‘%@oﬁi@é@m the adsarRedss wones AR Rinisy ERxidRSmurities to

The pr%cggssao %rsu 1 Lwh wherein the titanium-containing composition is
selected from ?1 group coh5|st|ng of titanium silicate, Ti-MCM, and

Ti-HMS. 24(b adsorb ing the suifones and/or sulfoxides on to the OXIdaUOﬂ cataiyst;

(c) recovering an oxidation/adsorption zone liquid effluent having a
reduced amocunt of sulfur-containing impurities; and

{c) removing the absorbed sulfones andfor sulfoxides from the oxidation
catalyst to thereby regenerate the oxidation caialyst.

2, The process of claim 1 wherein the regeneration is carried out by contacting

the catalyst with methanal under conditions i desorb the adsorbed sulfones andior
suifoxides,

3 The process of Claim 1 wherein the filanium-containing composition is
selected from the group consisting of titanium silicate, T+-MCM, and Ti-HMS.
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