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BACKGROUND OF THE INVENTION

It is well known that internal combustion engines have revolutionized
transportation following their invention during the last decades of the 19th century.
While others, including Benz and Gottleib Wilhetm Daimler. invented and developed

25 engines using electric ignition of fuel such as gasoline, Rudolf C. K. Diesel invented
and built the engine named for him which employs compression for auto-ignition of the
“fuel in order to utilize low-cost organic fuels. Equal, if not more important,
development of tmproved spark-ignition engines for use in transportation has proceeded
hand-in-hand with improvements in gasoline fuel compositions. Modern high
30 performance gasoline engines demand ever more advanced specification of fuel

compositions, but cost remains an important consideration.

At the present time most fuels for transportation are derived from natural
" petroleum. Indeed, petroleum as yet is the world’s main source of hydrocarbons used as
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conpositions of natural petroleumor crude oils are significantly varied,
all crudes contain sul fur conmpounds and nost contain nitrogen conpounds
whi ch may al so contain oxygen, but oxygen content of nobst crudes is |ow
General ly, sulfur concentration in crude is |ess than about 8 percent, with
5 nost crywédased@dyi ng sul fur concentrations in the ragaishesyabout 0.5 to
about 1.5 percent. Nitrogen concentration is usually less than 0.2
percent, but it may be as high as 1.8 percent. Crude oil seldomis used in
the form produced at the well, but is convened in oil refineries into a
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source of envg’ronrrent al pollution. During conbustion they are converted to
sul fur oxi des® 8%, in turn, give rise to sulfur oxyacids and, also,
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resi dual that future specifications may go far below the current 0.05 percent by weight level.

Legislation on sulfur in gasoline in the U.S. now limits each refinery to an average of
30 parts per million. In and after 2006 the average specification will be replaced by a
25  cap of 80 parts per million maxim.

The fluidized catalytic cracking pfocess is one of the major refining processes
which is currently employed in the conversion of petroleum to desirable fuels such as
gasoline and diesel fuel. In this process, a high molecular weight hydrocarbon
feedstock is converted to lower molecular weight products through contact with hot,

30 finely-divided, solid catalyst particles' in a fluidized or dispersed state. Suitable
hydrocarbon feedstocks typically boil within-the range of 205° C to about 650° C, and
they are usually contacted with the catalyst at temperatures in the range 450° C to about
650° C. Suitable feedstocks include various mineral oil fractions such as light gas ols,
heavy gas oils, wide-cut gas oils, vacuum gas oils, kerosenes, decanted oils, residual

35  fractions, reduced crude oils and cycie oils which are derived from any of these as well
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of these as well 23 January 2006 WO 03/012010 PCT/ US02/ 17064 3 as fractions
derived fromshale oils, tar sands processing, and coal |iquefaction.
Products froma fluidized catal ytic cracking process are typically based on
boi lLing point and include |ight naphtha (boiling between about 10 C and
about 221wgksebaavy naphtha (boiling between about pb@aGeaRds about 249 C),
kerosene (boiling between 5 about 180 C and about 300 C), light cycle oil
(boi |l i ng between about 221 C and aboét 345 C), and heavy cycle oil
(boiling at tenperatures higher than about 345 C). Not only does the
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have been devel oped for the catal ytic converters which are used on
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products _fromthe process. Irot feati ng i nvol'ves Areatnent Of products of
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resul ts i.n tidaekinggnodedtsioot lofest possilslelletadls. i n t he 25 sul fur-containing
inmpurities to hydrogen sul fide, which can be separated and converted to

el emental sul furghe Hﬂ{uﬂé&n&ﬂﬁgﬂhﬁudtfehj)fsstrhiglﬂ?urﬁﬂaad%é&?ﬁﬁi@ﬂhé}gﬁjeﬁarédwi cally quite
expensive . use.it requires.a source o r n i gh pressure process
‘equi pnent , g‘@é@n‘?iﬁ{}%“°“h§‘g‘r’% er_ 8’:‘3& z|““ﬁg" S‘f:agi( gf?s%}gf?r@gg%’%'}hosggll? ﬁrragf’eécover y pl ant
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destruction of olefins in the feedstock by converting themto saturated

hydrocar bons t hi guodlirity s REE AL ERenidiilS BERE Hoh! B cRlyR! &ldddg PY ,
hydrogenati gg i Bl he UR N BRI G SRSl o B3 Phbits ot 6 CONSUPLT 01
- of expensi vE ?fysd?yoié’ FPrredng P P
o process. Hydrotreating involves treatment of products of the cracking process with
7 hydrogen in the presence of a catalyst and results in the conversion of the sulfur in the
25  sulfur-containing impurities to hydrogen sulfide, which can be separated and converted
to elemental sulfur. Unfortunately. this type of processing is typically quite expensive
because it requires a source of hydrogen, high pressure process equipment, expensive
hydrotreating catalysts, and a' sulfur recovery plant for conversion of the resulting
hydrogen sulfide to elemental sulfur. In addition, the hydrotreating process can result in
-30  an undesired destruction of olefins in the feedstock by converting them to saturated
- hydrocarbons through hydrogenation. This destruction of olefins by hydrogenation is
usually undesirable because it results in the consumption of expensive hydrogen, and
also because the olefins are valuable as high octane‘componems of gasoline. As an
example, naphtha of a gasoline boiling range from 2 catalytic cracking process has a
35  relatively high octane number as a result of a large olefin content. Hydrotreating such a
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true where the sul fur heteroatomis doubly hindered (e.g., 4,6-
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Touvel | e, M&%{lnd@g@\g@aﬁg@,ﬁp@%m Berlowitz 25 relates to processing a
distillate feedstreamto produce distillate fuels havi ng a level of sulfur

bel ow the disti lIlll %E(Er ftoe sﬁy?cn? t;ongellnsth \Il"ﬁurgr %%H%f erecy sul% actionating a

distillate feedstreamint nyfromabout
50 to 100 pfAmPoRAds ¥ill "Fl’i?rha""dﬁ(?e &“ﬁéﬂ&\fgpﬂf‘h%ﬁ'@ﬂ? ff’ﬁdSIOFh%a“FlP@HW“T herei on i s
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desul furi Zeﬁadsﬁ&%onfésﬁ&la! ﬂOch&nﬁopig{sgstﬁﬁg@gg 30 with one half of the heavy

fraction to product te fuel, for exanple 85

" The art is replete with processes said to remove sulfur from distillate feedstocks

and products. For example, U.S. Patent Number 6,087,544 in the name of Robert 1.

~ Wittenbrink, Darryl P. Klein, Michele S Touvelle, Michel Daage and Paul J. Berlowitz

25 relates 1o processing a distillate feedstream to produce distillate fuels having a level of

“sulfur below the distillate feedstream. Such fuels are produced by fractionating a

distillate feedstream into a light fraction, which contains only from about 50 to 100 ppm

of sulfur, and a heavy fraction. The light fraction is hydrotreated to remove

substantially all of the sulfur therein. The desulfurized light fraction, is then blended

30  with one half of the heavy fraction to product a low sulfur distillate fuel, for example 85

percent by weight of desulfurized light fraction and 15 percent by weight of untreated

heavy fraction reduced the level of sulfur from 663 ppm to 310 ppm. However, to

obtain this low sulfur level only about 85 percent of the distillate feedstream is
recovered as a low sulfur distillate fuel product.
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and its derivatives can be al kylated by reaction with ol efinic hydrocarbons
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+ catalyst such as an actjvated natural clay or a synthetic adsorbent
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m xi ng the thi epe-.cont ani ed.aromatic n wth an alkylating
" agent and cgﬁ({pglg'{liaﬂagtepﬁeerat%cf %#eev'\ﬁlal[hﬁpgsﬁmglo%qcég %%!r'llpsgat alyst at a
carefully contrall -20 C to about 85

dte r re in the range from abou
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al cohol 9p ehPkSadiich 66 tRI RslfingCAIBRNY | diGlaed b Efsiilldtion. STHR! RRcfliescl osed t hat
suitable al k Ilatlon catdlal ts.l.nc! uﬂﬁ éhe f ol owi ng. éljf)h thetﬁ)
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(2) a phosptitbran alkaleting agsntednd rcapshoying (he opiswespmith pe allprlption coialyst avjaxt ur e of
such a - mat ekirétully\ohttolied Wnipeaivte iaGheckahgd fihh About-126° @b bivlr 85210, ar Bf sul furic

to phosphor lafsc1Bied qhalt ssui'ta%ﬁsalﬁ)nﬁiﬂg aaB&'tjst include olefins, mercaptans, mineral acid
25  esters, and alkoxy compounds such as aliphatic alcohols, ethers and esters of carboxylic

*acids. It is also disclosed that suitable alkylation catalysts include the following: (1)

‘the Friedel-Crafts metal halides, which are preferably used in anhydrous form; (2) a
phosphoric acid, preferably pyrophosphoric acid, or a mixture of such a material with

sulfuric acid in which the volume ratio of sulfuric to phosphoric acid is less than about

© 30 4:; and (3) a mixture of a phosphoric acid, such as ortho-phosphoric acid or
pyrophosphoric acid. with a siliceous adsorbent, such as kieselguhr or a siliceous clay,

- which has been calcined to a temperature of from about 400° to about 500° C to form a
silico-phosphoric acid combination which is commonly referred to as a solid

phosphoric acid catalyst.

35 U.S. Patent No. 3,894,941 in the name of Paul G. Bercik and Kirk J. Metzger
~ describes a method for converting mercaptans to alkyl sulfides, sweet organic sulfides,




30 4:1; and (3) a mxture of a phosphoric acid, such as gfjhpnRhesghoric
acid or pyrophosphoric acid, with a siliceous adsorbent, such "as

ki esel guhr or a siliceous clay, which has been calcined to a tenperature
of from about 400 to about 500 Cto forma silico-phosphoric acid

.conbi nation which is conmmonly referred to as a solid phosphoric acid
catal yst. wdablzeze Patent No. 3,894,941 in the nane of-rRRplde Berci k and
Kirk J. Metzger describes a nethod for converting nercaptans to al kyl

sul fides, sweet organic sulfides, 23 8anuary 2006 WO 03/012010

PCT/ US02/ 17064 6 by contacting the nercaptan-containing hydrocarbon feed
havi ng f r omb3tcontdcing tie rgreaptat-onringgrhydotadonfeed dadng free 306 1hyatbangen sul fi de,
with a tertizamé pet fdidciiedhid Ree hRFdge@uidR, with Nedill oRfiF SANER foug, Cat al yst
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o~ Gy ot alth fRBesthes A Gusty peliund R 1B of v VB PRAK e £ARES 11

pat ent st at egnsisiag ot sndiwrsieling elymingfilicates tang raprogpheifsi fliGaglupinas.cBigver si on zone
are in tige pawgstacdihaodcehttutiatd of teftiaiychiafialinitie cqp@ésionione MBid e fafi@ product is

said to be Lald r @;@E- . ntal sul fur
hi s not bee?\’Fraztﬁé(yég%{gy%{%eggﬁ%?h‘ggg@F ) S?é%?%!\%%xﬁla yﬁ'léeg&?:sn t he name
of Tanotsu IpEePtERdfhelerel afsjenentabsufanbisnot bren eysdly thismetadd a non- oxi dati ve
nmet hod of sweetening a sour hydrocarbon fraction 10 whereby nercaptans are
converted to thi®8tPaantNodi, Th.46F i theataghe 0 Thaotaicloepanddtféery @ Brigk¢rs.  The

met hod i NVOlq¥Rabes @MMeBidl b Abn-xidERE ARG ofGWBdidiny NGuihidioasRhTARIdI action with
a_catalyst ong bl ol ARaeh oS HRN! e Qi fffe ocfhoRBleYTRELC SULfoni ©
acid resin, an -in ePcaﬁa € compound, 4a SO_I.CF 4C1d Cat 2 yst, ‘a“boron halide
di spersed orfhamgtipd ivolyes coptacting FrimgieariapraPtaiving hrepbarfrastion Mithiana, in the
presence of canlysreBistitpbfosh Rydk meanionxidd acgplidderit Quifdie doidl ragin, aount  of

mer capt ans, .irf:é{rpdl? o'n?ﬁo deq%QQH&mgal & aMokod hridR & &E\{d oth%unmy& £0 Vel ght
percent. Wi e_tahe oduct |s said to be substantially free of nmercaptans,
the I evel  oflginumgiic dsgred o i?@ﬂ%mthséwn?eeﬁ@eélasaﬂwdmy offPess. U. S.
Pat ent NO. bqublt,BelGolamanidost of amscapansQupirally Xkoml aboatr(tD 1Medghapdrce® toSar | i
describes appiOReaSighOperdtRAT AdhiROhe groditl isCHfl & 8L lsulMntialf)iedl oyl ating the

het eroat om 20 cont aj ni h omati c f the cycle oil. wwth an aliphatic

yclr ocar bon AR tetevboBemenal i BsnaEeStids & bisBbdna of ef Pnic doubl e
bond t hrough . the use of a cr_}/stal_l ine netallosilicate catalyst; and (B)
separating the H{-§hPas8 NpnylZiNG mthe spmeploReay N he tapd Mighagd i 83t boi | i ng
range from téseritiene @rocess ferdipiadihg a tigielcgelobil by (A)raiotationak hetewaioml ati on. |t
al s0 st 9heS cdfiing HEmHRE BPMETYAL oh iflan Glifafic BldrocBEn RavididGEGas Ul fur and

ni trogen content,” 25 an baili1n tLon product is useful as a
synt hetic aF¥PAnA1pf %(‘acﬂ‘réela?‘&ne I°%BP‘F &gyl g%{@éh)é‘ﬂg‘c'be use of a crystalline

metallosilicate catalyst; and (B) separating the high boiling alkylation product in the

lubricant boiling range from the unconverted light cycle oil by fractional distillation. It
also states that the unconverted light cycle oil has a reduced sulfur and nitrogen content,

25 and the high boiling alkylation product is useful as a synthetic alkylated aromatic
lubricant basé stock.

U.S. Patent No. 5,599,441 in the name of Nick A. Collins and Jeffrey C.
Trewella describes a process for removing thiophenic sulfur compounds from a cracked
naphtha by: (A) contacting the naphtha with an acid catalyst to alkylate the thiophenic
30 compounds using the olefins present in the naphtha as an alkylating agent; (B)'
removing an effluent stream from the alkylation zone; and (C) separating the alkylated
thiophenic compounds from the alkylation zone effluent stream by fractional
distillation. It also states that additional olefins can be added to the cracked naphtha to
provide additional alkylating agent for the process.




U S. Patent No. 5,599,441 in the name of N ck A Collinsyanghudgfidogy C.
Trewel | a describes a process for renoving thiophenic sul fur conpounds from
a cracked naphtha by: (A) contacting the naphtha with an acid catalyst to
~al kyl ate the thiophenic 30 conpounds using the olefins present in the

napht ha as an al kyl ating agent; (B) renoving an effluent streamfromthe

al kyl ati ogog9hgigand (C) separating the alkylated thipe %ﬁ%g conpounds
fromthe al kylation zone effluent stream by fractlonal Istillation. It

al so states that additional olefins can be added to the cracked naphtha to
provi de additional alkylating agent for the process. 23 January 2006 WO
03/ 012010 PCT/ uSHere 1vely. 17.SNBatent Noc&p4.8p) i thg naraefehriceNd. Al&am, 865 in the

nane of Bru@Rolde AMIGKAMIRR, Pra&i@fammmﬁn kw‘gﬁn an¥Régd¢ HRCa ﬁEbd aW I liamJ.
Reagan and R&%e&d[k‘fre&%éﬁt 9 csjr%cf (?, h 15 ro&%meL(jiC%omfa I%e% 'tjoc wh:c ! }‘ur cont ent
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r teaCt ' 0{‘ co @éyaltaie@ns%bﬁéﬁédclla rBdcGor Edn@Ribhsy Bhibi a6 QRYAHE E@Eonlvéi?-%lt leQ‘;t 1\80 p |0 r ;'go n of
its con 111

sul f ur - @ompgf“ﬂ‘f ﬁtjdtsp??'gﬁhg{ Sé’llfn giwgé‘ﬁ”&f’ﬂc \’/ﬂ%‘ﬂ“ﬁﬁo EHEWI%g'tl'Pmﬁ‘?fgibent in the
presence of centinied prpducts by alkylgteom withran abiylphes agerdiin the gresante efran@oidicai ni ng

products ar easI@AOVIRE Hiherd bk smai-conain&tgi prbdicis Qife rdrﬁovémﬁbﬁ'fﬁ@mﬁzllat ed that

akyl atton. Samg AN RS D hRIRRn Mt B LRGRIOULROwh [l g, condi L] ons

‘secondary sthapge cendigions of gikylaken 3&‘%@551%%"'“?)!“ the ‘Pwk}ﬂ%‘ﬁﬁ)gﬁﬁtthﬁﬂé" Bn the first
st age ad5 opgeomiag dae.ce.fi hlvagh thenpe rofUubeer ttmperaee ondar frsSéggess U. S, Pat ent

No. 6, 059, 9§€pokéat$$‘$ ﬂggtugrﬁgcdgdﬁ@%@nder, Ceorge A Huff, Vivek R

Pr adhan, lam J eaga Roger ayton di scl osed A product of

reduced sul fur t | ti st froma

f eedst ock whi ch |gfﬁ ”&0 8 55%%2 ﬁ' 3”?3#6\“8% 'ggiﬁ'lg" ‘rg\eﬁ%ﬁd i ncl udes
sul fur - cont é(FVi‘?kr‘FgP'a‘ﬁ@naW iam d.oRgsgamand Reger i Epitenddisalgsest Atprasdgct ofhe fir st

stage invol wasced flfhr GhilhteCHbdGed i@ multpRABEOSEcelrom KigbdiotloRhieRdi ti ons

whi ch apg e;éﬁp?,gadvsf an&mva{ h{]d?oc%[uﬁs gﬂ %m&eb ulfﬁrr&ﬁlﬁz {nk e;,%orﬁa%ch' gher

boi |l i ng sul Tur-cont a|n|n ng
product's byCqRPaERds @ﬁé’l““’ﬂ!%’timﬂuﬁ‘ﬂqsonﬂien@%‘ %{aﬂedm"%m(lll ﬁﬁ’leF‘t"EthFon and a
hi gher boi | fendsta2b td mkgttion nconditiens| vohiedr amb Gaffestivg 6 cawnkett Gnpordoncofiei sed of

hydrocar bonﬁn;ﬁﬂ@es't& hi@fler bERHESRHur-containing products, and (2) separating the resulting

' products by fractional distillation into a lower boiling fraction and a higher boiling
25  fraction. The lower boiling fraction is comprised of hydrocarbons and is of reduced
B sulfur content relative to the feedstock. The higher boiling fraction is comprised of
hydrocarbon§ and contains unconverted sulfur-containing aromatic impurities and also

the higher boiling sulfur-containing products. Each subsequent stage involves: (1)
subjecting the higher boiling fraction from the preceding stage to alkylation conditions

30  which are effective to convert at least a portion of its content of sulfur-containing
aromatic compounds to higher boiling sulfur-containing products, and {2} separating-the
resulting products by fractional distiilation into a lower boiling hydrocarbon fraction

and a higher boiling fraction which contains higher boiling sulfur-containing alkylation
products. The total hydrocarbon product of reduced sulfur content from the process is

35  comprised of the lower boiling fractions from various stages. Again it is stated that
- alkylation can be achieved in stages with the proviso that the conditions of alkylation

are less severe in the initial alkylation stage than in a secondary stage, e.g., through the




sul fur -content relative to the feedstock. The higher boidd pg L kon is
conpri sed of hydrocarbons and contai ns unconverted sul fur-containing
aromatic inpurities and also the higher boiling sulfur-containing
products. Each subsequent stage involves: (1) subjecting the higher
boiling fraction fromthe preceding stage to al kylation conditions 30 which
are effecl{pwgofoconvert at least a portion of its GRAhRERE

sul fur-containing. aromatic conpounds to higher boiling sulfur-containing
products, and (2) separating the res8lting products by fractional
distillation into a | ower boiling hydrocarbon fraction and a higher

boi | i ng fradig ofp RWeCEmpsHYngiin sheHirgHitage p oppaseiigio AUighsr leappradienndg al kyl ati on
products. TReohdahyakaghydr ocar bon product of reduced sul fur content fromthe
process is 35 conprised of the Iower boiling fractions fromvarious stages.
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to provijge pREXESASH VBLhE Qﬂiﬁﬁ&ﬁpr&%ting%ﬁﬁ]yﬁfﬁ@t&ﬁ,%ferﬁlﬁ dlkyl@foni MpuUrities
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al kyl at i on- pereneseds riberebat astisiing they semongl of rselfierr rpniyogam feonk ¢ X efcat al yst

capabl e of efhdNConRBuids Guitabz0ds Muhdihg Gdndhets 106 refifdérg tSubpbratio altsai ni ng

organic COWR&‘Q%bEH%E&Q}GnésSi sting the renoval of sulfur or nitrogen from

a mxture o organi ¢ conpounds suitable as bl endi ng conponents for

refiner transpo}g‘fxati on fuels | i(ﬂijfi q at .anbi ent clgndi.ti ons. 15

Advant aégousl y, SRSVt WY ES dreY LIS PR A MUREIF 1ROk ze

formati on of ungantedhtoeoduess. snahdes frmation yadesized ofignmeest and polymetefsem e ol i goner s

~and pol yner golfrh&zhdon ®f olp@Hiy MRfIitma labaR. Benchitiay, B Snp2dved babifpBaRGENt S.

Benef i ol al | Yuoo@N ol MRIRKGS, A58 L &Rk imBiREC RSy Sl glhpghent Ly remove

sul fur-containing rApuriti€s rroman o efi'n C Ct acRé naph A&, but does

not signi fi BaAhR-purdoes ebsigmicapibtratree tha oriags rang chke Aatha. 20 This

invention is directed to overcom ng the problens set forth above in order

to provigde conpdmsritwntionris digdeied ¢ gvelomingitiegpraents ehpl ebaxt iromrddruel s.

friendly totfi8vide components for refinery blending of transportation fuels. friendly to the
environment.

SUMMARY OF THE INVENTION

25 Economical processes are disclosed for the production of components for
refinery blending of transportation fuels by integrated, multistage processes which
include treatment of a light refinery stream with a solid adsorbent to remove basic
nitrogen containing compounds, chemical conversion of one or more of the sulfur-
containing impurities to higher boiling products through alkylation by olefins, and

30  beneficially removing the higher boiling products by fractional distillation. This
invention contemplates the treatment of various type hydrocarbon materials, especially

. hydrocarbon oils of petroleum origin which contain sulfur. In general, the sulfur
contents of the oils are in excess of 1 percent, and range up to about 2 or 3 percent.




envi ronment. SUMMARY OF THE | NVENTI ON 25 Economi cal pro%s%ﬁaﬁrz%ogi scl osed
for the production of conponents for refinery blending of transportation
fuels by integrated, nultistage processes which include treatnment of a
light refinery streamw th a solid adsorbent to renpve basic nitrogen

cont ai ni ng conpounds, chem cal conversion of one or nore of the sulfur-

. cont ai ni ngrolosAdbti es to higher boiling products thriygkeabdy! ati on by
ol efins, and 30 beneficially renmoving the higher boiling products by

fractional distillation. This invent?on contenplates the treatnent of
vari ous type hydrocarbon materials, especially hydrocarbon oils of

pet r ol eum oFTe§EssEswefi B wvaRtien Ares parrgpfarly | syiteplen doraréatmee of (4 fefinerycont ent s of
the oils ar éetsweax easgisal oflgasding eetosenanight Adpftha Ulieatyonapinbatand light 3 per cent .

23 January 2005\ SRR AREH ORI Ofter 1ReP] 03857 Fectlest he 1 Vet i on

are particularly suitable treatme I nery st ream conpri sed

of gasoline, ker ne. Light naphtha avy naphth nd. light cycle oil,
and preferably aﬁﬁgﬂ _ﬁ%{k & @ﬁmﬁ%&f‘&Fiﬁ‘Fi"E 5&%‘768?00"tlﬁ‘é°‘}ﬁatﬁe W ‘é“é%??’f processes.
Mil tistafe 3% ¢fan %lgﬂ%‘%lca‘ﬁﬁyﬁdé%e@m@f allpyipsion omen @l lsAst jong Gbyequerte

advant ageouslkylatiod $6neO¥hictnisapbeytedib 1093 se@teddopéitioristhaarnthd fitfal Akyialoky! at i on

zone, al | eqst OReuRHAREACAL BIUABERNGZ A0S LD nlifeqRBRANEE 2 1 eSS
severe conditions than the initial alkylation _zone, and thereafter as the
sol i d adsor FERROURdS Fomersdo the dritial aikylatiorerene, JBansficialiygthe prodistsderasd s r om feed to
the initial caltainy btnionulfo rempdsadebf bighdr | nygleculae weighdthed ofrapomdslg cont ai n

. organi c1pul fidfcakRATPOHALS Ga RUIBRESNIMAEL CitnihicieL@i ast BAGHLER! TAgpondi ng 10
mer capt ans, . sul fides and f.ur-?onta ning aromatics, such as thiophenic

f su
and  benzot PFHEIEE. CUMSBIITL e fHIY%E feedstock. In one aspect, this
| eer o o o e ROREER il WIE ML UE oA Sl e
i qui rTF . . X )
ol ecul ar wAPSKES [ ABP BB GPLcaPE i TR SRR FEPoRs SOMRRE i n ¢ he
f eedst ock, hBleeutdr oteight o serespmping s@fyr-cénginigg commping im tecledlisbdek conpri si ng
a m Xt URS Ofhick pelics aoRPfsts:Whiaf h plotalg 0f Fecali6dii RstnprigiRg aShixtdté gONt @i ni ng
or gani ¢ conpaunds  and...nLLLgeRscont AL NG, ordant ¢ copounds. T he feedst ock
consi sting e_yssen | 5I_“f_y of' mat er’i ar nki ?%@ﬁ’ af) C. and about
345 C. and wHogemgonsainng greaniccompeinds, the fesdsteek sonsistiug gBotialy obn@ed parts per
~mi | lion andballingibbtwegeibott G0t €.1ihd btiput 3A5BO.QE hairlgAQuibdichifienp 8 odboud | [ 1 0n, (b)
‘passi ng the46®§gsjt®ﬁ A ELYER; gaﬁaeg (o) Yol o tqgjs%r , r_conditions
~suitabl e for _adsorpt ili)o,n‘ é\ﬁ '?ﬂl R the Dede 1o e?_f ct ag(g{ateztotoﬁ@g%a%gorpt i on
“and/ or €dnpPEbaIngb) passing the desdsock tiseehindpd of solifh adserbert dinfesfonditions
ni t r ogen- c oseitatlanfongisapimnyithircberalundgeaistldttivaRisorption and/or complexing
of at least a portion of the contained nitrogen-containing organic compounds with the
. adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-
containing organic compounds than the feedstock, (c) in a first contacting stage at
25 elevated temperatures, contacting the effluent with an acidic catalyst under conditions
which are effective to convert a portion of the impurities to a sulfur-containing material
. of higher molecular weight through alkylation by the olefins, thereby forming an initial
product stream, and (d) in a subsequent contacting stage and at temperatures at least
10° C lower than an average of the elevated temperatures in the first contacting stage,
30  contacting at least a portion of the initial product stream with an acidic catalyst under
conditions which are effeclive to convert a portion of the impurities to a sulfur-
containing material of higher molecular weight through alkylation by the olefins,
thereby forming a subsequent product stream.

In another aspect, this invention provides a process for the production of
35  products which are liquid at ambient conditions and have a reduced sulfur content
relative to the feedstock, which process comprises; (a) providing a feedstock




adsorbent, and thereby obtain effluent fromthe bed which J%ﬂ&%r?l‘26§6| ess of
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consistin S r-lea ra ntent | ess than
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25  million.

~ Other aspects of the invention include compositions formed by any process
disclosed herein. Such compositions have a sulfur content of less than about 50 parts
_per million, preferably less than about 30 parts per million, more preferably have a
sulfur content of less than about 15 parts per million, and most preferably less than
30  about 10 parts per million.

Suitable feedstocks include products of refinery cracking processes which

consists essentially of material boiling between about 200° C. and about 425° C.
Preferably such refinery stream consisting essentially of material boiling between about

220° C. and about 400° C., and more preferably boiling between about 275° C, and

35 about 375° C. Where the selected feedstock is a naphtha from a refinery cracking
| process, the feedstock consists essentially of material boiling between about 20° C. and




20 a high-boiling fraction consisting of a sulfur-rich, Afr ] nt ai ni ng
the balance of the sulfur. In preferred enbodi nents of zfsn‘%g'%%&%()ﬁ?

mul ti stage process provides a |low boiling fraction which has a sul fur
content of |ess than about 30 parts per mllion. More preferred are

enbodi nents whi ch provi de products which have a sul fur content of |ess

t han about 15 parts per mllion, and nost preferably | ess than about 10
parts per 25 mllion. OQher aspects of the invention include conpositions
formed by any process disclosed herel’n. Such conpositions have a sul fur
cont ent atfout Z58SC tHiearabp thi feebSodhay 4 Saphipe btrddinl dohdiling EdseitRIyaD mteli® B8ilidghan

about 30bé%ﬁéetnsab9tﬁr40%| An'd%?tit 306 p; frﬁgrgp e}érﬂy b%lllﬁgi; 9&\#&&%&{3%%; gn dof | ess

t han about 15 parts per ion, era ess about 10
‘parts pefP°Hi 4P| Gn. SUI tabl e feedst ocks i ncI ude products of refinery
cracki ng processes which consi sts essentially of material boiling between

about 200 C. g@idsAROME ?r%%g of th@’ﬁrﬁ:@r‘ﬁﬂ:ﬁme% e%HtSQ( g%ﬁ%gédyofgtﬂegé%&%%' Sti "

essenti al légOf materi a between ap
nor e pr VB PEPPHET PY 1SEOH %@r‘l"t@ﬁﬂh‘f"“@?@g G‘,‘“PU&'PRf from yprphitha Bregueed bV\Her e the
sel ect edcatabicl staokig preceas. rfagfbrabiy the olefiracanehi ofethy feetiaekiingt lefit @g@s sn at he

f eedst ock |Q,q;g§g§,tt§atgﬁ§§mfbracjohg f eLd iling between about 20 C. and
23 Januargl 2006 11 about 2560’”‘&0%%‘?%&@%?@% he feedstock is a naphtha

stream consi sting essentially of material boiling between about 40 C. .and
about 225 C. ,Thanddipoatelys otihigal atyitactitgpsthgengayitet tiee sameadd differebiGrot thatredl theabout

200 C. Q.%B@qh&it @Mtéétlrfgcgtagg r%@lﬁégee&s‘ﬁj 3 éoh@ pﬁd%k{r?o'ﬂé hﬁ&'gﬂ%t f8 ggeslgs%g Ks ng

conprised of a treat r? are reno asi c
ni t r ogerflISnRANST Rcfti '?ﬁﬁh? & ¥ @e 1"?'3%“59 ﬁ’é ﬁ?‘?ﬂﬁl&ﬁ‘é’&“’tw the 5‘6’5?%‘!""&& ic
cracki ng:omactmesme lﬁasedoemawl of a rtategalothighi ||5’prexmrﬁﬁénom anfacitib eathlge dg teak thes at

| east eCﬂr@'cor%’btl Qrfd thé’-§éh§ aB&rﬂeh%a)Péonﬁnge Gyl $é{érlapwm£ﬂ§ Bkﬁgre FGani ¢

conpoungﬁ %ﬁ;}‘. st of Initial contacting e the sane
or diffePeit "‘fﬁﬂ S eefthe[f % conlarhratRaeAndadht %ﬂ?ﬁ‘?%@f“g?fé%j’éng %&%ﬂ?aw?rageoug y
a sol i d pdferspherselyl prosrhot@ck yaalystrisyusbe aslsredaciilc ¢dtedyst mahaintialcabtabtingt i n at

| east ongageht él&%te@ %p@%tdr&gthéﬁe%? $s thd Q&dl@gdtéus?of(iﬁet ﬁb%ﬁﬁen‘? I‘.onrte%ﬁr}g%é equent

_contactln% sta ‘{(] gﬁ f‘? pr epar e rom an
aci di ¢ CAFET 3% “’6{}" g P pflon. F?‘P%’F"Vcﬁfﬁi‘%ﬂ‘i’ﬁﬁ"@ﬁ%ﬁ% emgli bGP
adsor bersentainipg cammonids drowfieed tnthe aitinlalkylatiincand.s prepared from the acidic
catalyst by use in the first contacting stage and/or the subsequent

contacti ng stCBa .. l\/b e referably. a solid phosphoric acid catalyst is used
as the acidi Eops Vy‘é‘t‘ teReraigEes; deq Indhe aulseaert tacting singe te 3'erhted
t enper atlawes than aieveesgp phthe elsvatddderpmsralires io dtecihifja tontdctindsags Llisaeurandture
cont act |dﬂ|§reﬁﬁa@-gﬁweéhtthé A aﬁcﬁéﬁ%ﬁ &tag@ 85 ﬁﬂa Qurbgedcu@ﬁt s@gg}fw}e?é}éb@% inaYdnde dpal |y as

the solid a gu rbe eéa%( ED basi gsoné ogen. gontaining c ounds from
“feed to Pﬁl | ?q gY S/|a u 6‘?9""%"8 more preferably in a range from ab t negative

: 15°C to about negative 75°C. Where a solid phosphoric acid catalyst is used as the acidic catalyst

. jn at least one of the contacting stages, the temperatures used in the subsequent contacting stage

is' preferably at least 25° C lower than.an average of the elevated temperatures in the initial

contacting stage, and more preferably at least 45° C lower.

The elevated temperatures used in the initial contacting stage may be in a range from
- about 120° C to about 250° C. Where a solid phosphoric acid catalyst is used as the acidic catalyst
in an initial contacting stage, the elevated temperatures are preferably in a range of temperature
from about 140° C to about 220° C, and more preferably in a range from about 160° C to about 190°

- C. Where a solid phosphoric acid catalyst is used as the .




Beneficially the tenperatures used in the subsequent cong@hmggz%bgge are
at least 5 C lower than an average of the elevated tenperatures 1n the
initial contactlng stage. The tenperature differential between the initial
al kyl ati on stage and the subsequent stage preferably is in a range of from
about negative 5 C to about negative 115 C, nore preferably in a range from
about negative 15 C to about negative 75 C. Wiere a solid phosphoric acid
catalyst is used as the acidic catalyst in at |east one of the contacting
stages, the tenperatures used in the1sabsequent contacting stage is
preferably at |east 25 C lower than an average of the el evated tenperatures
inthe initial contacting stage, and nore preferably at |east 45 C | ower.
The el evaTdq ighd? Dethr %tggeﬁs‘?écF"f‘ﬁ"tt“HethientF‘PPeé?t”rE%r‘l’i &G PegereRigEagfagebe in a
range fromferaglpowdradd@®fC t o about 250 C. Where a solid phosphoric acid
catalyst is used as the acidic catalyst in an initial contacting stage,

the el evated tenperatures are preferably in a range of tenperature from
about 140 C to about 220 C, and nore preferably in a range from about 160 C
to about 190 C.- Where a solid phosphoric acid catalyst is used as the 23
January 2006 1l1la acidic catalyst in both stages of contacting, the
tenperatures in the subsequent stage are preferably in a range of 23
January 2006 WO 03/012010 12 PCT/ US02/ 17064 tenperature fromabout 90 Cto
about 250 C, preferably at tenperatures in a range from about 100. Cto
about 235 C, and nore preferably at tenperatures in a range from about 1
10 C to about 2200 C. The tenperature cut-point in distillation step
separating the lowboiling fraction and the high-boiling fraction may be in
the-range fromabout 70 C to about 200 C, and preferably in the range from
about 150 C to about 190 C. Advantageously, the high-boiling fraction has
a distillation end point which is bel ow about 249 C. The one | ow boiling
fraction having a 10 distillation end point and a high-boiling fraction
having an initial boiling point such that the distillation end point and
the initial boiling point are in the range fromabout 80 C to about 220 C
I n yet another aspect, this invention provides a process for the production
of products which are liquid at anbient conditions and have a reduced

sul fur content 15 relative to the feedstock, which process conprises; (a)
provi ding a feedstock




conprising a mxture of hydrocarbons which includes ol ef p03,.8Bf, 2006 =
sul fur-containing organic conpounds, the feedstock consisting ‘essentially
of material boiling between about 60 C. and about 345 C. and having &

sul fur content up to about 4,000 or 5,000 parts per mllion, (b) passing
the feedstock through a bed of solid adsorbent, under 20 conditions

sui t ablygg §3@izeadsor ption within the bed, to.effect gglgebiie, adsorption
and/or conplexing of at |east a portion of the contai neé-

ni trogen-cont ai ni ng organic conpoulds with the adsorbent, and thereby
obtain effluent fromthe bed which contains |ess of nitrogen-containing
organi ¢ cismpeaHEsTemabout AL € srthoroeI0] G erefdrablnatfippperauresoitagidrgeng st age at
el evat ed frefpREBAtIN0ES, 10 GBdk AR ITGind herd pefdfbRck wihjchuadd iaci @hg 25 cat al yst

under conﬁj”rnia%ﬂl\/gaicqga@(;u@z@t{:ecti ve to convert a portion of the inpurities
to a sultur-containing material of higher boiling point through alkylation

by the ol efins t hereby form nrg an initial product stream (d) in a
subsequent con-{rﬁct??'ﬂﬁa@%éaﬁ’é"p%md qetiliatin,sien sararating e lpvsbaling frgosn) ddbe ¢ han
an -aver agkigleboilin fadtbeay edintrerpee&bures in the initial contacting stage,
cont act i Nghoat 70P EaBtabut P00 € Qiid ctdrdbly inthd fake fasr byt 1 TP @MYkt h an 30

aci di ¢ Cafﬁl’t‘?kd&ﬁﬂgg&uﬁﬁr}ﬁ% %1%199«:%%&130“%% aeJisfuﬁ&&ain"eﬁ?L InCERMELL @ portion
of the inmpurities fqQ a ’'su r-cortaining nateriral o I'g er: Boi | i ng poi nt
t hr ough a%%’?'i“@ﬁgob?— the ol efins, thereby forming a subsequent product
stream (e) fractionating the subsequent product streamby distillation to
provi de at | eade ophlewibglipgferctiandigvirg &icti on  consi sting of a sul fur-Jean,

NDNO- &Y ONddtiliGtionieRipdifntaas b Ah BaUhNGacBoS hvinglan Gkl 8Biling R5f sk thddan about 50
parts PET iLtllﬁal?ch cn?n in ant!llt hi_mlaof llo'ilﬂl forn gftcliIP he ENE frstklaﬁ&t g& sul fur-rich,
mono- ar onat | ¢-l.ean fraction contal ni j’i e bal'ancé of the sulfur, (9)
treating ' APU2GhC23 January 2006 WD 03/0 1 20 10 PCT/ US02/ 17064 13 boil i ng

fraction with seous_sour.ce. of .di hydrogen at drogenation_conditions in
the presenceor AHfaranch il Bt MUK gir s B PRRReR A0 1y o
enhance tHwRduct ydishrse Hawie it smbipgtdiopdtiensi and dayhe refucspyudiup Porteng
sul f urs c adtbdienionge egidatk; WKICH piobets comiplsesnd@l) qevidind @anBedstokk abl e for
hydr 0genahigridy 2 %ﬁuﬁf ofrH}Jg[%czi%onE Qf?ﬁcﬁ%igu cs GRHng 2P Q.ﬁl};mr’{&)r{nﬂl?iﬁk ¢ compounds,
-and (g) recovering a high-borling |1quid having a sulfur content |ess than
about 50 9PRAIELOpRPunAt.|the rdstogh gorsistiag, pissntially of mpterisldhoilivg bebgem sul fi de.
Advant agebas 6§, C.and agout 34356l tadonviag a stiéur godtery lp kioaboltrig000ioq 8)000 subst ant i al |y
free hydnogen, ndbd,i @5 Fa%sil?% gRqeds it diroifn L 8885 QN8 absfawemomdepg fraction of
t he CEOS'[I llllfatl on.. ?ro reaf i Rg of the E)et ol eegqrcn,dl stillate 10 enploys at
1 east2ongobign isiph ferquramion o G jh Kol SR WP BYPE ot al <
sel ect ed compeninghef gt olepst copeitivt i ofg thef cantieedt pitgaptcettainivp| grgaténum and
tungst en comMAHRRRAROMBbBent GRNINBEhY Stilaih BB GOmUIRN bt Mpichesdshock with a
9aSEOUS yecs of nitrogen-containing organic compounds than the feedstock, (¢) in a first
contacting stage at elevaied temperatures, contacting the feedstock with an acidic
25  catalyst under conditions which are effective to convert a portion of the impurities to a
sulfur-containing material of higher boiling point through alkylation by the olefins,
thereby forming an initial product stream, {d) in a subsequent contacting stage and at
temperatures at teast 10° C lower than an average of the elevated temperatures in the
initial contacting stage, contacting at least a portion of the initial product stream with an
30 acidic catalyst under conditions which are effective to convert a portion of the
impurities to a sulfur-containing material of higher boiling point through alkylation by
the olefins, thereby forming a subsequent product stream, () fractionating the
subsequeat product stream by distillation to provide at least one low-boiling fraction
~ consisting of a sulfur-lean, mono-aromatic-rich fraction having 2 sulfur content less
35  than about 50 parts per million, and a high-boiling fraction consisting of a sulfur-rich,
mono-aromatic-iean fraction containing the balarce of the sulfur, (g) treating the high-




source of di hydrogen enpl oys at |east one bed of hydrog%@géﬁgml yst
conprising one or nore netals selected fromthe group consisti’ng of

ni ckel , nol ybdenum and tungsten. 15 Cenerally, useful hydrogenation

cat al ysts conprise at | east one active netal, selected fromthe
d-transition elements in the Periodic Table, each incorporated onto an

I nert s I.n an amount of from about 0.1 percent to about 30 percent by
wei ght (L;\PBQ{”%{ZJI{]M al catalyst. Suitable active net aFg&r Pﬁ’&’lr{?&'e t he
d-transition elenments in the Periodiz Table el enents having atomni c nunber
in from21 to 30, 39 to 48, and 72 to 78. 20 Useful catalyst for the

hydr ot r eat iboding frapioh S4th 2 gesaoEENER of dihpdrbged it BydrapaiufitCentitens inaer por at i on of

hydrogen i ntQ.@. qug og%at@ da0iyG CREPANES L% Ms{rfmnﬁﬁm@t | east

hydr ogen sul fide cata st suFegogrt cQ onent cat al st support
conponent (RFRPeRtie ‘“l“é‘?é% % ¢ &° t"l‘irsylf'f‘FFBP‘Q’ﬁWP(?‘gB'}&? ERIRSY silica,
al um na, om%uddpmn@!thrmsmazbleR@Thy@egfmalym|0ﬁonegamcce ofheckeByr-outingg| e for use

in the 25 Bfﬁﬁeﬂémﬁdﬂﬁ&.ﬂﬁddo@) a&&f:ﬁzrgaéxk.gh b€y uﬂpﬁaemd'aamﬁ:fmt&lﬁ?gg Bgt from
u 0

about 50 t 20 stro

about 150 Xn QIFm it g? sfm rr'rrlgré%nl' 3 5&a§r?f'%ad]§o&cl yyd“{"ﬁ'é S{ﬁg %l yst support
conponent é@ﬁ”ﬁ‘l‘aﬂgﬁ&lya""r%f‘ Patipeithe 3 'i‘igr@%hfil&:h@)@? sbstantially fepg hdregenna.

Hydr ot r eat isulfded$ biedued with hrleisyond (osd-bdiling t{Rciunalf e dbtijationpl oys at | east one
bed of 30 hydrogenation catal yst conprising cobalt and one or nore netals
~sel ected from tHadotregtirguwpthe parskesn distfatof ni ckel , nol ybdenum and tungst en,
each i noor paplaysed 1@t Gnedikdi dieylirogenbtbl Walalysconiprigia® BAd oOMmofel @emigbout 0. 1

percent t 0s AR troflnd 4?6 SBhsishiNe HELAN.ni8k1, WM badrBliahy &.ﬁgﬁnyst- Contacting of

t he high-boiling n W th”a gaseous so rce of d rogen. 35
preferably enplgiysngicolsgast ommeachied uef hifyobiRge RrideR Gidl al ysdougonpri si ng

kel d 4.1 re
Pr{af a?s 22I e%’?gaaghﬁkfg 'ﬂ%‘xééggg%lngﬁs | ng&%fg&&ﬁ%ﬁé[%&g nsmg%{‘ ungrsr? en, each
i ncor por at %fd“%‘h%‘a'éﬁ‘"?‘i‘F@ﬁP“gbfp%fa?ﬂcoﬂﬁ*F“aﬁO%fHﬂﬁhfnob’gdﬁF‘P'B AbmBEteng. 1 per cent

to about 20 percent by weight of the total catalyst. This invention is
particlfarly uSisarlly, urehiendrosesatiohmatalysntcainpiisegpt dragfarmic xcii® weiaounds in the

oxi-dati on feeds s heirBiibnebrdesn aR mmablcnem hﬁ&pérbh@d sth Bw atomis
sterically,, hﬂ,l_ﬂlgﬁJrF ﬁll anaaﬁoHﬁrof ?rlc@rrggu? 0.1 tpcﬂ:‘gm r%o atl;oupgo ?gm%rr{tebﬁpwcl% }ur -

conpounds. con I ncl ude at
| east sul f‘i"%lé%‘al Caf?éitsbr Saitzbieatgtive gustals pelyde &sti Hﬁﬂsé'@ﬁﬁb’ﬂm lSéh‘éct ed from

t he group P=viadit Titileemdnts Havibg itbrhid nedbdd @nizarh Di @BE0EIVa0 481R6d 72 1o 78.
di benzot hi ophenes.

20 Useful catalyst for the hydrotreating comprise a componcnt capable to
enhance (he Incorporation of hydrogen into a mixture of organic compounds to
thereby form at least hydrogen sulfide, and a catalyst support component. The
catalyst support component typically comprises a refractory inorganic oxide such as
silica, alumina, or silica-alumina. Refractory inorganic oxides, suitable for use in the

25  preseat invention, preferably have a pore diameter ranging from about 50 to about -
200 Angstroms, and more preferably from about 80 to about 150 Angstroms for best
results. Advantageously, the catalyst support component comprises a refractory

~ inorganic oxide such as alumina, '

Hydrotreating of the refinery distillaié preferably employs at least one bed of
30  hydrogenation catalyst eomprising cobalt and one or mére metals selected from the
group consisting of nickel, molybdenum and tungsten, each incorporated onto an inert
support in an amouat of from about 0.1 percent to-about 20 percent by weight of the

total catalyst. ' '

Contacting of the high-boiling fraction with a gaseous source of dihydrogen
35 preferably employs at least one bed of hydrogenation catalyst comprising nickel dnd one




10 Hydrogenation catal ysts beneficially contain a conbi %tjaﬂﬂarggzcﬂﬁt al s.
Preferred are hydrogenation catal ysts containing at |east two tals
selected fromthe group consisting of cobalt, nickel, nolybdenum and

t ungst avo oshdipdoe preferably, co- netals are cobalt al}@r)@%z)igggnum or nickel
and nol'ybdenum Advantageously, the hydrogenation catalyst conprises at

| east two active netals, each incorlforated onto a 15 netal oxide support,
such as alumina in an ampunt of from about 0.1- percent to about 20

per cent bSF RREF Gitelsorelertrrbirpm the erquacarsjssing of. malytidequnyand pssiethepchaspect , this
i nvent i oninprparitcegnta ag o Sgipbiit drensunduabd fftdmd abdued.il pekant Rl wagtizng of tra rt
| NSpPo  at peddad ByRISRbARGLEf)ch are liquid at ambient conditions, and
having a sul fur content of [|éss than about 50 ppmand is forned by a
process which ' - Provi di edst ack rising a mxture of
hydr ocar bons \mﬁgﬁﬁ*ﬁ‘%ﬁua’gé’g}é‘ﬁ‘gws&%ﬁ"°‘s"u9’f usru-?@‘é)m%’[ngf"mgné’r%f’ﬁani c
conmpouhdsSomPRERIF HbHie aidRtior derdftedki wichowsludesi compyunds invehieli thalsulfisi | i ng

bet ween adwuis $6€allahiddenttlous foB4uafple @mnilulkiaitigngomars hifudcompiingt up to about

2,500 ppnfypRARSi M Siir-EReAR L Cksahiar Qwﬁoﬁdpﬁgag% d%?'n!:agt asgﬁ'%gzsbent’ under

, to effect 'selective

conditions, suitabhle for a(ﬂso%%tlor}jlsw@*lcgt {1

adsor pti of SRa/Or CONPFeINY BImPRInds Ered HUR tthoarosp corstting Bt ai ned

~ ni t r ogen-selsktuted rargthinplyraes and dibepotirpbensst h t he adsor bent, ard thereby

obtain effluent fromthe bed which contains |ess of nitrogen-containing

or garfi0c conpoliyrisgetdv@n tdudysisf dedtfitialty ; cdntui@ 4 | écaibidaGnt aft agusSt age at

- el evat ed plgiRg Lat 2ol I -he f t h n, aci.dic catalyst
under conditions _%&?%“a%%a%%gﬁtégﬁggglgeg%\}g'ggmglsp%lra?lf%%o%gh? he inpurities

to a sul FUFR “¥BREL /Y 798 hd‘ﬂ“gfli ZelyBlenHmMngr tupgsien; AMOp srefbiaceugh al kyl at i on

by the omefisras cabale reholidenimgr aickdl phd inallybdpivad uadvashgeadty, thed a subsequent

cont act i R@lrspediBn @elyR o EIBLH ALY @R Rlivd RRSLs, M fnchB¥ELq LRR@N, an average

of the ehlg-t\é?‘;xelcstuerq)eguac%‘_urgs Jng.the i ni 't[ |€h§%a§t_l g stage, contacting at

| east ~a portion ofrthe I Al trar pFctREr 8 1 PERe4 {9 OBt cat al yst

under co%h?%%‘rﬁywl%#@tetaqu@ew ve to convert a portion of the ‘

inpurities to a sul fur-containing material of higher boiling point through
al kyl ation by IntstieyeodrefhbniSpect, thRGH YN §roVidd A9 n oduct stream
En 0 °@p°§mﬁ$ﬁ’ i ﬁt"i% ["oYEEB9 BY ovi de

and f r actrarepatatiolgfubl Sro8UsRSRRH QAL - stream i S %
at | _'east,eg)é}ﬁ?A aq;\?\,gu l?pgrlgiags_gf ragﬁthgﬁa g%’%’?%onngﬁ%?s’ %‘d 11797 syliucgenteptafct i on
{

having a sulfur con damedibya prpease which pymprisesand a hi gh- boi | i ng
fraction congirefdingp fegdstecisedniptising a @lxturd sragdrb@boRORtiA RLRLs blB.shakance of

the sul fauffur-cdftaiddd bRbkitc &dBunds, the feedstock consisting essentially-of material boiling
_between about 60°C. and about 3_45° C. and having a sulfur content up to about 2,500 ppm;
passing the feedstock through a bed of solid adsorbent, under bonditions suitable for
adsorption within the bed, to effect selective adsorption andfor complexing of at least a portion of
.the contained nitrogen-containing organic compounds with the adsorbent, and thereby obtain
effiuent from the bed which contgins less of nitrogen-contalning organic compounds than the
- feedstock;
in a first contacting stage at elevated temperatures, contacting the feedétock with an acidic
catalyst under conditions which are effective to convert a portion of the impurities to a sulfur-
confaining material of higher boiling point through alkylation by the olefins, thereby forming an initial
--product stream; |
in a subsequent cpntacting stage and at temperatures at least 10° C lower than an average
pf the elevated temperatures in the injtial contacting stage, contacting at least a portion of the initial
product stream with an acidic catalyst under conditions which are effective to convert a portion of
the impurities to a sulfur-containing material of higher boiling point through alkylation by the olefins,
thereby forming a subsequent product stream; and
fractionating the subsequent product stream by distillétion to provide at [east one low-
boiling fmcﬁon consisting of a sulfurlean, fraction having a sulfur content less than about 50 ppm,
and a high-bolling frqc@ior? consisting of a sulfur-rich, fraction containing the balancé of the sulfur.,




14a For a nore conplete understanding of the present inugnii, gng{gger ence
should now he nmade to the enbodinents . illustrated in greater detail in the
acconpanyi ng draw ng and descri bed bel ow by way of exanples of the
invention. 20 BRI EF DESCRI PTI ON OF THE DRAW NG The drawing is a schematic
“f1 ow di agram depi cting a pref erre? jaspect of the present invention for
conti nuous production of conponents for blending of transportation fuels

whi ch are "qungld%o.gﬂag,ﬁm u&&&ﬁ,'n%.hgaﬁmeg'r&aﬁ%%m% hARLINEAKT On 25 I

this schemati retreatnent i ght
napht ha wif'¥ b“dh“dad%t”i"ce'!‘qc’&ifﬁ‘“&“d‘r‘n‘tf““f“ﬁ‘ér“bé‘fef“é‘ eé‘*"st?l‘l“d WLHCBIBEEL to renpve
basi ¢ ni t degén aondailril hdow bpwpourgsyplalokeatengn. . the treated naphtha in a
series of two alkylation reactors at successively | ess severe conditions,
and fractionating the alkylate to provide a | ow boiling bl ending conponent
consisting of a sulfur-lean fraction, and a high-boiling, 30 sulfur-rich
fraction. This high- bo@wggl)% @gﬁmop—m@rﬁmm(geat ed by a process which
conprises reacting the high- ltng fraction with a source of dihydrogen
(nol ecul ar ~ hyTeawarihg ata hydﬁablge]&a:tdhﬁg’iarﬁ@Bpitltﬂgm’l]ﬁ‘cﬂemcdtdsﬁccpbéﬂlence of a
hydr ogena C t S d fogsul fur and/ or
nlyt rogen kegérgq %&L&grfg; Qomﬂﬁﬁds tp{éa Xmml}{oﬁpgg)%%%%gﬁaﬁm\éﬁdm 03/ 012010
PCT/ USOZ/ ryportagen Eii?}ﬂ] aﬁé%ﬁlﬁbﬂ“wtﬁf“{‘%\%e E*eé’éﬁ‘éf’%‘e%g‘vfrﬁﬁonused inthis
i nvent2hon iath sctemiave o diogrp édchult sequentill ptirdatnadnes alighcimptbaeithl | y conpri se

nmost refi AP Laks A GRTRY f (HOR5HeP bishish SHBSERNS kdhdv¥ biic éma%émceﬁamagn conpounds
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catalytlca“'sc?ﬂlt rom catalytic cracking units processing
relatlvel§mhpgher sul fur feedstocks_ Ni trogen - content of distillate
feedstocks in the present invention is also generally a function of 15 the
nitrogen content of the crude oil, the hydrogenation capacity of a refinery
per barr el _ ‘ '




of crude capacity, and the alternative dispositions of dissidnlhRiRoe

hydr ogenati on feedstock conponents. The higher nitrogen distillate
feedstocks are generally coker distillate and the catalytic cycle oils.
These distillate feedstocks can have total nitrogen concentrations ranging
as high as 2000 parts per mllion, but generally range fromabout 20 5
parts perwoiddizeae to about 900 parts per million. Swcy@khensefinery streans
generally have an APl gravity ranging fromabout 10 APl to about 100 API,
preferably from about 10 APl to aboutl375 or 100 API, and nore preferably
from about 15 APl to about 50 APl for best results. These streams i ncl ude,
but are not limted to, fluid catalytic process naphtha, fluid or del ayed
process 25 naphtha, |ight naphtha, hydrocracker naphtha, hydrotreating

"~ process napht has, isomnerat e, GBNeRAAPESGRIPEIONe or mat e, and conbi nati ons
thereof. Catalytic reformate and catal ytic cracking process naphthas can
often be split i3uitable)fecdmovks fdyouskd g thiaingentios tarec dgrived fioln pesroleiight and heavy

catalytic n t i ch can be
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better for so petrol eum di st Flates | e, when
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aromati c hy @nidcaelpimgacking woits mecessingapladvely Highensufucfedslogitsi Nitogoki ng

process, al kyhedt bei’snﬁfate ?Je@éﬁﬁeké ﬁl tﬁe )!s‘éﬁt%@h&%r@ al'sdi‘ én@n%ilﬁ@ﬁmt'ﬂﬁ ds a reaction
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al kyl at ed sﬂ’lef ur--con cal
sul f ur - cont aqnﬁﬁnﬁawpwuﬁmaqsgghar @OQPWIP%@HIOHIH“EEW%M'WC@H@W O“ér omatic
hydr oca@bons pard@eraiitiion @l pout OOEpagsipdr wiilieoNt ai ni ng i npurities can, to a
limted degree, be selectively al kyl ated. However, the conpeting

al kyl ation of arsQfBBkh@mﬁVﬂE%%Mﬂ@ hERIGR AR Eraei%&%ﬁgldgaﬂdn}’aﬁoﬂﬂf’l@ss' ble to
achi eve a SHPIS to3bo t%d°yAiﬁ ;gTPtJera{)ly from about 10° API to about 75 or 100° API, and
more preferably from about 15° API to about 50° API for best results. These streams
include, but are not limited to, fluid catalytic process naphtha, fluid or delayed process
25 naphtha, light naphtha, hydrocracker naphtha, hydrotreating process naphthas,
isomerate, and catalytic reformate, and combinations thereof. Catalytic reformate and
catalytic cracking process naphthas can often be split into narrower boiling range
‘streamns such as light and héavy catalytic naphthas and light and heavy catalytic
reformate, which can be specifically customized for use as a feedstock in accordance
30  with the present invention. The preferred streams are light virgin naphtha, catalytic
cracking naphthas including light and heavy catalytic cracking unit naphtha, catalytic
' reformate including light and heavy catalytic reformate and derivatives of such refinery
hydrocarbon streams.

While the multistage sulfur removal processes of the invention which involve
35  the use of an initial alkylation zone and at least one subsequent alkylation zone which is




renoval of the sulfur-containing inpurities wthout a siplifpgeHEaANd
undesired 15 renoval of significant anmounts of aromatic hydrocarbons. In
aspects of the invention where an olefin or a mxture of olefins is used as
the alkylating agent, olefin polynerization will also conpete, as an
undesired side reaction, wth the desired al kylation of sulfur-containing
i mpuri ti ewoodg2@0 consequence of this conpeting reacigrRReyhdss1 S frequently
not possible to achieve high conversion of the 20 sul fur-containing
inpurities to al kylation products wi ti#out a significant conversion of
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conbi ned5f oremesd obggmfidastetwtocdf aromtinigydsocabenes per f ormance of the refinery
transportation fuel or blending conponents for refinery transportation fuel

obt ai ned from thespias dfantsSin@niicrwitd elcfia 065 kel off@finb B vs@iparabl e. I n
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| ocati on of econom may
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are highly  pemgfeaug sdctioseitls¢ freduentlyatot pessiblentotdahisve kigly esnversion ofFéedst ocks of
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napht ha, he
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Catal ytic chamkinRe MaestuedufingpRdekt used as a gasoline blending stock. In this case,
olefins having from about 6 to about 10 carbon atoms, which olefins are of high octane

25 and in the gasoline boiling range, can be converted to high-boiling polymeric by-
' products under severe alkylation conditions and thereby lost as gasoline components.

More suitable feedstocks for used in this invention include any of the various
complex mixtures of hydrocarbons derived from refinery distillate steams which
generally boil in a temperature range from about 50° C. to about 425° C. Generally

30  such feedstock are comprised of a mixture of hydrocarbons, but contain a minor amount
_of sulfur-containing organic impurities including aromatic impurities such as
thiophenic compounds and benzothiophenic compounds. Preferred feedstocks have an
initial boiling point which is below about 79° C and have a distillation endpoint which
is about 345° C or lower, and more preferably about 249° C or lower. If desired, the

35 feedstock can have a distillation endpoint of about 221° C or lower.




desirabl e feedstock because they typically contain a relz4janghby stiogh ol efin
content, which usually nmakes it unnecessary to add any additi onal

al kyl ating agent during the first alkylation stage of the invention. In
addition to sulfur-containing organic 15 conpounds, such as nercaptans and
sul fides, sulfur-containing aromatic conpounds, such thiophene,

benzot hi owbesmzand derivatives of thiophene and benzetthisephgpe, are
frequently a major conponent of the sulfur-containing i npurities in

catal ytic cracking products, and sucl inpurities are easily renoved by
means of the subject invention For exanpl e, typical |ight naphtha from
the fluidized caltdf $¥9 ém’é’rl’&té‘kfh"lbmlﬁora}“?f'ét"fHleeﬂ!iﬂ"fcz‘%;“ﬂ'é‘ﬁs(?é’ﬂs gsbeoi | can
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of thiophenic an enzot hi,o erre stock for use
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pr oduct s Sanduchias thelyelumg ddiiletilsy of 4 sjrean ipriianed the fieaitst ¢oppestion andhioght per cent
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cracking products and wll be additionally conprised of at |east 5 weight
percent of ol efi ¢ latile
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can be used 3 a ca racti ce tion.
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feedstock will be comprised of catalytic cracking products and will be additionally
comprised of at least 5 weight percent of olefins. Such feedstocks can be a portion of
the volatile products from a catalytic cracking process which is isolated by distillation._

In the practice of this invention, the feedstock will contain sulfur-containing
aromatic compounds as impurities. In one embodiment of the invention, the feedstock
30  will contain both thiophenic and benzothiophenic compounds as impurities. If desired,
~at least about 50% or even more of these éulfur—containing aromatic compounds can be
converted to higher boiling sulfur-containing material in the practice of this invention.
In one embodiment of the invention, the feedstock will contain benzothiophene, and at
least about 50% of the benzothiophene will be converted to higher boiling sulfur-
35  containing material by alkylation and removed by fractionation.




10 exanple, the severity of the alkylation conditions capsbshuspgdesgt ed in
the al kylation step of the subsequent stage through the use of a |ess
active catalyst, while a nore active catalyst can be used in the

al kylation step of the initial stage. Catal ysts useful in the practice of
the invention include acidic materials such as catalysts conprised of

aci di ¢ polvwpweeizor esi ns, supported acids, and aci di ecriesgaei ¢ 15 oxi des.
Sui tabl e acidic polyneric resins include the polyneric sulfonic acid resins
which are well-known in the art and at%e commercially avail abl e.
Anberlyst(r) 35, a . product produced by Rohm and Haas Cg., is a typical
exanpl e of such Amh#ridis material yhichoexhidils 2 crRaBilifahto bappe the llylgtionael cat al yst s
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by combi ni n§PaOTIPRIS Y bEds of sqlid PafticHatg a yist 24 p uitsblg pAMPEBIUEE ¥Sr ed and ar e
referred to dedived,differeasaciitel cadiypbcm bl aseld tn BEVaioasatagbsyts i inviRaeFaat al ysts are
preferr b gﬂi&e ar hi . [ - ' st. U S
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i ncorporated herein by ‘reference in its entirety I'scl oses the

reparation of ol i osphori c id catal yst by depositin a phosphoric
gcig on a soli dassu?lf?lnge(%dés]s ‘?’r@&ef’lrlcﬁsgfgfu%sh_cag‘i"SIa%{réfé"gﬁ;%{’gte g °tel<jﬂ‘{“% Br PROSP
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silica, alumina, silica-aluminas, zirconium oxide or clays.

_ Supported catalysts are typically prepared by combining the desired liquid acid
25  with the desired support and drying. Supported catalysts which are prepared by
* combining a phosphoric acid with a support are highly preferred and are referred to
herein as solid phosphoric acid catalysts. These catalysts are preferred because they are
- both highly effective and low in cost. U.S. Patent No. 2,921,081 (Zimmerschied et al.),
which is incorporated herein by reference in its entirety, discloses the preparation of
80  solid phosphoric acid catalysts by combining a zirconium compound selected from the
group consisting of zirconium oxide and the halides of zirconium with an acid selected
from the group consisting of ortho-phosphoric acid, pyrophosphoric acid and
triphosphoric acid. U.S. Patent No. 2,120,702 (Ipatieff et al.), which is incorporated
herein by reference in its entirety, discloses the preparation of a solid phosphoric acid
35  catalyst by combining a phosphoric acid with a siliceous material.




with the kieselguhr. Wile the anhydrous silicon phosphatemnas® Jaesi eved to
be inactive as an alkylation catalyst, it is also believed that they can
be hydrolyzed to yield a 10 m xture of ortho-phosphoric and pol yphosphori c
acids which are catalytically active. The precise conposition of this

m xture wi |l depend upon the anmpbunt of water to which the catalyst is
exposed. woopsielaé to naintain a solid phosphoric acipdrakdsybseii on cat al yst
at a satisfactory Ilevel of activity when it is used with a substantially
anhydr ous hydrocarbon feedstock, it 18 is conventional practice to add a
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the r ana So‘?ﬁ‘P‘éFB%‘l?f‘] REgstigedo é‘ii’o‘iﬁmaﬂ agewnt phy e opay 2leahpl fushay 1oPRerer al | y
sat.i sf act or ylcohbhits thedeedstock 0 mainvmrtheratalygt 40 n carisfdadryilevel dfdydraiom &f an al cohol
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‘Aci di c inorgan ts 1nclud ut are not
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~and nat ur al waiy it @%ﬂ%éﬂecﬁ vegohigh eddiyuettichaesn flead L sipidedeactivatiademiat es, L,

omega, X0 Ycodd&fuéhce 8Nebk#DMhd, 4R didit@ASthe letugwt YvilB Wit E!ileﬁ aZ Rk | ﬁy@ﬁall ncl ude

beta, Y, ZS e%ngz %ﬁe’r hgd?Mbﬁ ‘of %@'\ééﬂgm sed'veero {e%uce ifs ide SI [ a ucé’% 1tst he zeolites

are incorporate “Sichas a
si i ca- al unfeRgency FRT@E‘HfaP@qi‘.ﬁaFtl"B‘FQ“uW@ghékken@“%aé@aI yg?wechFn eEssiiéed as

hydration of such a catalyst can cause the catalyst to soften, physically agglomerate and

create high pressure drops in fixed bed reactors. Accordingly, there is an optimum level

- 25 of hydration for a solid phosphoric acid catalyst, and this level of hydration wﬂl be a
' function of the reaction conditions, the substrate, and the alkylating agent.

In preferred embodiments of the invention using solid phosphoric acid catalysts,

a hydrating agent in an amount which exhibits a capability to enhance performance of

the catalyst is required. Advantageously, the hydrating agent is at least one member of

30 the group consisting of water and alkanols having from about 2 1o about 5 carbon
' atoms. An amount of hydrating agent which provides a water concentration in the
feedstock in the range from about 50 to about 1,000 parts per million is generally
satisfactory. This water is conveniently provided in the form of an alcohol such as

. isopropyl alcohol,




the acid catalyst in the practice of this invention. Catzalssligry®absconprise
m xtures of different materials, such as a Lewis acid (exanples i ncl ude
BF3, BCl13, SbF5, and AICl13), a non-zeolitic solid inorganic oxide (such as
silica, alumna and silica-alum na), 10 and a | arge-pore crystalline

nmol ecul ar sieve (exanples include zeolites, pillared clays and

al umi nophwepk@atas). |1 n the enbodlnents of the i nventrcewsaarieg a solid
catalyst, it will desirably be in ﬁ£y5|cal formwhich will permt a
rapid and effective contacting with t reactants in the process stage

wherein it is usg AIthouhth inventjon i s not tcgbeso imted, it is
15 preferred t hafCidic fiprgapic oxdey st a3 splysepciuds by B8 Nt he
| ar gest di mepsilugrinasf sitidaezlungaast hatlrelsardasyntheticapiiared) elaysalaode neghiabbnd s i n t he

raﬂge frlombehbmancQeammutwtaamshtsuez MbdenitED 1L, VXRER €, Yssehistaa@tzmljl y t
spherica S e i amet er
flroom about %%%%s q'ghq‘é ?Q] © M Qes m,&f #erg%%ltl ve%?%&%ﬁ ?é ééj}‘q?gn be used
in the for ma¢ ZSYRD. @ﬁséwlmﬁvée@itﬁlmfmfﬂw lﬂﬁeﬂﬂrlmi&élchx@m"&tmut 0.1 mMmto
about 20 1 mawRriarctbasl siighlaluinhal MleddaeURibiinn GackigpbatallsiZaibe sed about 2 cm
As stat ed prﬁevacmlaﬁm ih FRIRAAEKSE S Gillruln. Bl J@sa&l'csa AL il bvent f on

will likely (iﬁ:rrp Inpurities in
addition to df ) it "‘gs ¢on Safi(r\%fzﬁls Ir&ge;’%i"}?l’e(‘é’rlrpclljurdlet| és. HQ/E%V% 7% he typi cal
ni t r ogen- corft!&lsh Agp-1efitisrsolid @grgavfeoxubr(@lalnwlhswb@umd sili¢gp-abummiea)i nst ances,

can causg d%ﬂ@ﬁ'la‘f@:tﬂo%&talﬂn@@n@&hﬂ‘ Geve xahpied maud@z‘iom@si a4 %la_\%f the
subj ect inven 1on. ?[%lé ?ﬁaﬁactlvatl on can be prevented by rempval of the

basi ¢ ni t r ofShEER impurities before they can contact the acidic
catal yst. These _basic inmpurities are npst conveniently renoved fromthe
feedst ock bef or elnithe ebodimpnts ofdhe inyeptionrpsing aplidgptalystidy Vilidedibly baige. A hi ghly
preferred f eetigicalcloni shichigl permit hepidnudefecve comacting Wit it ecicrafts i t r eat ed

it .“?. oh ﬂf&eﬁﬁﬁwﬁ*lfp"’s%w‘* el ifve °%.%%§%£3§?ﬂ'39%? Rl o
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typical |y i pettlosshas preaermgavalugi whichaninaly rdiege froet abputd)l | mSue kbone2 dvods i ncl ude
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A-zeolite, Vseﬁe'blth foam of rogsewhi¢ht have gdigmRiasiin the range feom abevt 0 rumitawdoutf r esh 23

January 22006 cMGndBleRdR hhik: Mt/ lonQBut 89 6dn hbeit 264kl Ng catal yst, equilibrium
cracking catalyst and acidic polynmeric resins. Wiere a guard bed technique

s enployed, [t AsuRllRRidagiEaRba: bR Wik SeOHALidiaHEn Wil Bugh 2 manner

t hat one guar g ener at ed he % %f% used to
pretreat tHE %%&%‘%8%‘%&& ﬁﬂ‘t‘%‘&?ﬁ“"f’ &sc'imt?i"é“eééﬁ o §5'§P to Eracki ng
catal yst is contdiningzerganicoimpenitipg.e Many of the typical nitrogen-containing 1mpunucs are

_ organic bases and, in some instances, can cause deactivation of the acidic catalyst or
25  catalysts of the subject invention. Such deactivation can be prevented by removal of the
basi¢ nitrogen-containing impurities before they can contact the acidic catalyst. These
“basic impurities are most conveniently removed from the feedstock before it is utilized
in the initial alkylation stage. A highly preferred feedstock for use in the invention is
comprised of a treated naphtha which is prepared by removing basic nitrogen-

30 containing impurities from a naphtha produced by a catalytic cracking process.

Suitable methods which remove the basic nitrogen-containing impurities,
typically involve treatment with an acidic material. Such methods include procedures
such as washing with an aqueous solution of an acid and the use of a guard bed which is
positioned in front of the acidic catalyst. Examples of effective guard beds include but

35 - are not limited to A-zeolite, Y-zeolite, L-zeolite, mordenite, fluorided alumina, fresh




5 basic nitrogen-containing inpurities, catalyst can be spggngra®@ in the
regenerator of a catalytic cracking unit when it has becone deacti vated
wWith respect to its ability to renove such inpurities. If an acid wash is
used to renove basic nitrogen-contai ning conpounds, the feedstock will be
treated with an aqueous solution of a suitable acid. Suitable acids for
this use woobadeaeobut are not |imted to hydrochl ori ecagisezeal furic acid 10
and acetic acid. The concentration of acid in the aqueous solution is not
critical, but is conveniently chosen?to be in the range fromabout 0.1

per cent to abo yt 30 per or exa percent by wei ght
" sol ution of Sffi Pﬁrcf‘t&lgsécqqﬁ'pf’wr%&i’%ﬁ gtﬁlyﬁé’“ BigP llﬁm‘?@rﬁﬂ/‘@ E"Qﬁ"c‘1 ni t rogen
cont ai ni ng cEMPdEA tshrfiquo is enphayeds i is aftentdasirable enusa twe guasd Beds o soehacki ng
process. 15 himnbiRat Predgiiid®ed 6dn te Mdgnerdaaaintiile @, ottleh B bfaﬁigdsea%ﬁrktﬁ‘ea@ kyl ation
haeor 2okt fosgRl) RENRHL WAL WE B sl byl P

and for a_peri Frect Ve
degree of® coivie pEios-conaisiag E’éﬂ“éﬁess‘iﬂaﬁﬁ‘r@%éﬁﬁa@“ﬁaﬁgm by G&Wiﬁ‘@mrﬁ&m“ ties to a
hi gher boi | i caglysieilcfackingcumintt elieniinigps riaéontei d@hctivattd With respet ﬁ,p;rsr@mqatdBd that the

temper at ur e @neGOR bl R %ad%rfe'u?éatts%ﬁd@e%%?c%e effffonlal e e

al kyl ation 20 co S Int, atlron ste t stage, or
st ages, of tcﬁE‘P?“ﬁ’g% thei fgﬁ‘i‘“%ke %&érga%iev@? @ fqyegys Pﬂ“‘tq‘iaﬁf aé‘l‘“a?]ﬁé‘c‘?m tial
stage, and twitsbleaens fier thicks: évlude by awodrignised iohydrochlbrmgoidl sulfuricaciaind

optional{y iaAdaRADIAAITH Bonbbrdtftich TRAA ifhe &faeﬁu@e&iu&dn@;eno& Bidclenbsky! ation
ective of ation step

step of the subseque rres I

of the inveR ‘feglﬁ[ﬂﬂtcﬁ%se'eg)q%dgtﬂlc rﬁﬁ‘eﬁbg'ft&rlepe\?ﬁe?tl to B}eouﬂég?efcgﬂll% in excess
of about 50 YEiehosFscasmnlen|2ypercant by cveizst whutigs olulfasiiadibinavasr efneeabl y i n
excess of 1GGedCo rdMevednsié aitiogdnGontdinink GRPGNS frofm Denedd fabREh Abth 22t a
terrperaturech[g,{,) ac&@ggrg%fsg om about 50 C to about 260 C, preferably from
about 85 Cto out and nore preferably fromabout 100 Cto about

200 C. 14 will reci ted of. cour t ha heotlrrumte erature

will be & funct P@ﬁﬁégﬁ“’f’ é'&‘f ipvention, thy éidtm y“f‘ﬂ‘e“ ‘i’fff‘%tsfaﬁfr;g’agent or
agent s sel ecpwartedtwith tmacmwatdltclwemurahﬂdytbm peripd @6 8mt wbich agent s, and
the nature effedilie 1 rbifitin-1hO ésibd) bdpeee ar&fmiswa dfreBldred smr-éoharmlﬁr e to be

removed. Thi % 1{1 EY&&H %QO !1 ﬁngﬁer bonml CUBLE -confaz njing | mateSt ﬁg‘ ‘{Jlfﬂrbg%gﬂsf&é{“ﬁ%ydr ocar bon

concentratln ng ar ora
feedstock i Htabihg Gmpergture Aad 90%%!@6 cap&ﬁ@wtqﬂfm FHCQH wagitha thy allvdationi al . As a
resutt @0 t homlitvanineaind allgiatiomstep df eheStbstqientGaige, loestafes, djf&leﬁlﬁ/adm%renor e easily

and at | owey \V t th this
di sposal . Féﬁsgﬁgﬁﬁﬁg\itﬂﬂlOsf%%{lg?lm?gcanmgs gl eg‘%ﬂa&?%ﬁﬁ% alsN;mf uel s where

the 23 JanufmPeBtiFe™ @S?IUI?M@‘W Wiho shorieseantoes ta i i ailiﬂ?ftoént will be
| ess obj ect slopabltes. subbagaamn atagey e lygspdctivec ah teespedifid alkgladdnystep of the '

invention, the contacting temperature will be desirably in excess of about 50° C,

25  preferably in excess of 85° C. and more preferably in excess of 100° C. The contacting

' will generally be carried out at & temperature in the range from about 50° C to about
260° C, preferably from about 85° C to about 220° C, and more preferably from about
100° C 1o about 200° C. It will be appreciated, of course, that the optimum temperature
will be a function of the acidic.catalyst used, the alkylating agent or agents selected, the

30  concentration of alkylating agent or agents, and the nature of the sulfur-containing
aromatic impurities that are to be removed.

This invention is an integrated, multistage process for concentrating the sulfur-
containing -aromatic impurities of a hydrocarbon feedstock into a relatively small
volume of high boiling material. As a result of this concentration, the sulfur can be

35  disposed of more easily and at lower cost, and any conventional method can be used for
 this dispesal. For example, this material can be blended into heavy fuels where the




to that of the original feedstock. The catal ytic hydrogenati on process my
be carried out under relatively mld 5 conditions in a fixed, noving
fluidized or ebullient bed of catalyst. Preferably a fixed bed of catalyst
is used under conditions such that relatively | ong periods el apse before
regener at wonsdmeaenes necessary, for exanpl e an aver agemws®adisi on zone
tenperature of fromabout 200 C. to gbout 450 C., preferably from about
250 C. to about 400 C., and nost pré?erably from about 275 C. to about 350
C. for best results, and at . a 10 pressurge within the range of from about 6
to about 166“@?n%§5ﬁé?@ peAhﬁaPéﬁﬁﬁwg Ly P@@@Pk@d‘d?%é?u%gmﬁﬁﬁge within
whi ch t he hypdrograied af relatiyshydow dest becawst plitsabducglontimsutlitive to thatf e whi | e

m ni m zi ng tofgind fRudéckof pressure and hydrogen required for the

hydr odesul furi zation step are pressures within the range of 20 to 60

at nospher es, I fheRLEHAE Mage.gﬁiﬁmpﬁbﬁha@ﬁe Efrich 0o LS PJ%R;%? mify> General ly,

t he hydrqgenatjpn process usefu e.present 1nvention begins with a
distil 1 ate FPORRILTR AIPehaeing dowiaas o sl bed olicpiabe Frefibithtied pr eheat od
in feed/ ef f lbeboftcatalygtds usedk uivengradigorprsiaprthat eelgivele tdnp geriods elnpsebefoor fi nal

]E” eh;afati ng Trégg&rzitiaﬁ S&Bﬁ%drfe@eiﬁw_t ,%ﬁxzﬁﬂﬂ\;'ead nld%rt%ge RABLIARE Wﬂ?eﬁtﬂé&%f‘d' still g} e
raction can_be W a 0 stre prior to ring, and/or
after pr ehegﬁofnnaaguq%&%eo ﬁbf'c’fr@geﬁ” éﬁefeg’g&r}ﬁ’gha%%@aar ‘tﬂf}?ﬂ“b%ﬂgn%m can be in
adm xt ur e wi2kthmgst |Pirésrably frem ehout 2451 .de sbet B&N, C.dlar brshrepdisosdde a car bon

- di oxi de,10ni preggRRvithihertnge SErdril AbouCOWRBIMNTED atniidaghetebe | i ke. The hydrogen
streampurity should be at | east about 50 percent by vol une hydrogen,

- preferably at | Q@ﬁ&iﬁgﬁyfméﬁe@ﬁés@lﬂmfan MR WitEn By %{df'&@lﬁtion FHaedor €
preferably at Ie@st baut 75 fewent. vgl une h% rogen f.or best results.

25 Hydr ogen “EEMe &%@Bﬁr&'ﬂo"f‘ ko) ea{mﬂﬂ'm%&j HAPARE preg Eea‘t“ﬂ&%[?%"ref orm ng

facility or requiredrfor thy fydsefesvifprizatierc steryarp prssseess witiinghe wagst ¢330 te6fe can

consi st of amRsghéred)BioR prdferfflly el aboBEUtOsBamephaddsNi Ng the sane or different
catal ysts. A fixed bed reactor can also conprise a plurality of catalyst

beds. T | ur alg f - i :Si i . tor can al so
hs p CehdtaiBf th?ﬁ%d?&fg%‘lgatrnoexﬁ sd \RTfﬁI if} tHA QheSent in‘?ﬂgpﬁ%l 5 GAk

conprise the,, sane o cat. ts. "Since th rogenati on
reaction i sadﬁﬁgfeafafalc?/o“é’%’t:ﬂ’é‘g TR, ?ﬁfﬁ%‘ﬁ%‘%i@‘é‘m&&d’lﬁihﬁﬁ?d in fSHEHNEN ng of heat
transfer detdatexshingtrovprian 16 exterihgrefimaeafot finat pehealieg weetarzeted mhatioh beds i n

the sanme regdnk iHlet SflerasurcC aMe BStiIRMERLYREan B coh@asd wih PR/dldeAsueim t he heat
generated 23.Janyary 2006 MO 03/ 012010 PCT/ US02/ 17064 23 from the
r10r Uring, and/or a cheat

hydr ogenat i B 5 SEBE VSRS YR brofitably recovered for use in the
20 The hydrogen stream can be pure hydrogen or can be in admixture with diluents
such. as hydrocarbon, carbon monoxide, carbon dioxide, nitrogen, water, sulfur
compounds, and the like. The hydrogen stream purity should be at least about 50
percent by volume hydrogen, preferably at least about 65 percent by volume hydrogen,
-and more preferably at least about 75 percent by volume hydrogen for best results.
25 Hydrbgen can be supplied from a hydrogen plant, a catalytic reforming facility or other
nydrogen producing process. ‘

The reaction zone can consist of one or more fixed bed reactors containing the
same or different catalysts. A fixed bed reactor can also comprise a plurality of catalyst
beds. The plurality of catatyst beds in a single fixed bed reactor can also comprise the

- 30 same or different catalysts.

Since the hydrogenation reaction is generally exothermic, interstage cooling,
consisting of heat transfer devices between fixed bed reactors or between catalyst beds
- in the same reactor shell, can be employed. At least a portion of the heat generated




hydrogenation process. \Were this heat recovery option iz Ruadv&iosabl e,
cooling may be perfornmed through cooling utilities such as cooling water
or air, or through use of a hydrogen quench streaminjected directly into
the reactors. Two-stage processes can 5 provide reduced tenperature

exot herm per reactor shell and provide better hydrogenation reactor

t enper at um@ oozt ol . The reaction zone effluent is gemaseihyes cool ed and the
effluent streamis directed to a separator device to renove the hydrogen.
Sone of the recovered hydrogen can be?3 recycl ed back to the process while
sone of the hydrogen can_be purged to external 10 systens such as plant or
refinery fudfom geYAPaRmaipa PRty &2y offes hesprgfitaldy, recs ‘?dquréHe % hepmj ntai n a
m ni mum hy dhgdregengion iptogesanWheeniiy eahsecoveyentisiib howdeailaBlecyeoliredndyy dr ogen i s
general |y CQERERAHREhrofshRRbIFRINIGE sWintdd codlRK Gatktibr aRYSHRERA usdld 1 nj ect ed
into the proﬁi;ess for, further g% ro%e.n[attbon. Li qLdFd effluent of the

separat or d&V{TRE" GaFch regm JRisded recty Imiodte feRUOLS. T LWGTSIagE PrRYSSSihEe | i ght

hydr ocar Bongravidn sduced nowppatataad extiteont pat reactororskellampd oprovide ebeherdr ocar bon
pool s. Pref ay@blepation RaGéRchipriRire @n@sI0r stripper device includes neans
capable of providing effluents of at |east one lowboiling liquid fraction

~and one hi gh- bO"l‘rlﬁ'P&cticJ 'z&&é'e‘i'ﬂnfe[.)ﬁg @By dobB¥hifd ol Sk dre AN Hlafcrne or nore
liquid fraction t eC%o,fn IS subs Hentl)é tre E}ed to L ne r porate oxygen into
the liquid & bERFROCEHFORITROEH 98B0 SgME Pigpe gEvee H@O%&Fﬁaﬁei on renoval
of sul fur orecpilddrimgety the procgshevhile epmedofphe biydodgen canl begprirgedpoe exterosls are t hen
gener al 1y Copway8tthtad plhhie dtReryifad] Thd hydfogbmfurde @€ UCbtted Roffolled boni shed
distillate g{]ogaync;tnsﬁ. i Elperg gl'gl nrgj clor}:dl L op} to be lgl?ed%l n tdr}& hydrogenati on
process i ncPlE LR PEILyErosTLRIED, 20h SV PRSP HPT RV R Rbout 200 C
to about 458 generallycempresssh supplemantawigh anpke-ob Gydrogenoand esteddmo the, | and nost
preferably proosss pbfther Bydeogenation. about 350 C. for best results. The

hydr ogenati on process typically operates at reaction zone pressures ranging

from about 400 pgdh L@uAPGHIne 200RR Uetlce TRHR pRIE:ES A MrifgePBRvgROUt 500 psig
to abc_)ut15 1500 Béiﬁﬁ ang nost, prefer ab.l—ji}/[ f rom about 6OOH&$I t o about 1200
psi g for  bedtF ydgocargens cgn e seraoved prd Qrpdisd o Mor APRIGPT R RFEARAR L ange from
“about 500 SpRBb| Preferabbothe s2BrR@OandBCFBipper depiceeingludds) medns eapablocait 2, 000

SCF/ Bbl to S&aoadtng LEIORE oSHFRBR ond RAL-BBRS ligRidetRi@PhA &feqnghamy% 3,000 to
about 13, 000 SOHlon! OLES Lt Unhar 23 LAR iREPTRNIESngDd v drogen
circul ation fates bel owqt'nese Fanges cah re_su_Ft n hi giter "est a_’l yst

deact i vat i off'bfegpeady freaiqd) p iincgrrpyate] Qxyzen dite detliqvid opragig cppeUAdS thespin
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Liquid products are then generally conveyed to blending facilities for production of

finished distillate products.

Operating conditions to be used in the hydrogenation process include an average

_ reaction zone temperature of from about 200° C. to about 450° C., preferably from

25  about 250° C. to about 400° C., and most preferably from about 275° C. to about 350°
C. for best results. ' _ , -

The hydrogenation process typically operates at reaction zone pressures ranging

froin about 400 psig to about 2000 psig, more preferably from about 500 psig to about

1500 psig, and most preferably from about 600 psig to about 1200 psig for best results.

. 30  Hydrogen circulation rates generally range from about 500 SCF/Bbi to about 20,000
' SCF/Bbi, preferably from about 2,000 SCF/Bbi to about 15,000 SCF/Bbl, and most
preferably from about 3,000 to about 13,000nSCF/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




dearomati zation. Excessively high reaction pressures i NCILARRaRRI0BY and
equi pnent costs and provide di mnishing margi nal benefits. The

hydrogenati on process typically operates at a |liquid hourly space velocity
of fromabout 0.2 hr-1 to about 10.0 hr-1, preferably fromabout 0.5 hr-|
to about 6.0 hr 5 1, and nost preferably fromabout 2.0 hrl to about 5.0 hr
-1 for bewooserubts. Excessively high space vel oci tpaasudihdsar esult in
reduced overall hydrogenation. In a preferred enbodi nent of the invention,
a petroleumdistillate is passed to 2Hydrotreater where is it hydrotreated
in the presence of a hydrotreating catalyst to renpve heteroatons,

particul arl { e”é‘ﬂ’i“”l"ﬁ?““&né"?“&“ bt hjghyteactign B{‘Fé‘t"feéé““efﬁ egfy AM) WuPREH| ysts for
use i n hydr etstsead progide dieinisbing olaggingd kbngfits. | | at e according to the present
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and petrocheni cafthd Wdbgénaii@SproossQAIIBINN ofey & 0 namlno‘rr@tsgicysélsﬂ@re t hose
conpri sed Offfnﬁltn l{oﬁ?@’; hrqu§at?oﬁl io‘{ﬂaﬁleéla‘eraﬁ??rpmaﬁ&?(')@% ﬁio%\m?f}b%r an inert

support. Prefera one , nore
preferabPy & Ak 51°Sti rreleblyclrary apeuyd-4 he g‘Pd{?B“‘l%OdtSr{sfoéthcﬁg‘eS”H? cobal t,
ni ckel and Ex@ssjvclyrmghmpm vilooiifee willreynltan rewhiced ovemillhgdregehednf rom t he  group

| . consisting of cobalt and nickel. Preferred catal ysts are those conprised of

at least one GRdprfrel eﬂiﬁétﬂhenaﬂﬂth@-'invkrﬁﬁﬁta [&ﬂﬁleﬁﬁ Qi4RlaM ispRs@ o Pref erably
sel ected fr R{Q (%[Q%ﬁ!‘ 9{1999 I?S E%P(?r t?eta qun ?he q’QSCXCl% %numd?or{reattnu cgt%fystnto Pr ef er abl y
or a H Su O¥ fgl’l a

each incorp Brea such as

al umi na, si FemMO¥%e hetereRams; Paﬁ}?ﬂlmilé%‘lf}“taé%m W@twl’@l%p VIIl netal is typically
present in an anount ranging fromabout 2 percent to about 20 percent,

pr ef er aBPy fr omSatiablet cathlysle foramst inthydmiyerting he ppeniaendistias edcoulgrot he  t ot al

wei ght  of Cﬂata@}eyeﬁt mvéﬁh@nﬁ Qoﬁ%ntf@ﬁl%%drlé\gehitmﬁ3651!1]993‘.146)21 if8e ﬁkrtr@ﬁ@fﬂt in an
amount  rangl 4 ercen pr ef <%rabl y from

about 10 percéf’g&r E’em'c lr%uftm‘lfo nereentPa ﬁasuglb?aéa)ﬁfsélfetﬁ%fﬁf‘i’“gf Silabout 20
percent to é!HGP&‘tOﬂS@Ctp’éﬁ'@&hFacbw@mO@Ed awe@n e suppen Proferiablhtleasfongat al yst. |t
i's wWthin thkgiverepes aiGréupey I nREE Hord freRRAbly Andidl & selebied forh BRErRApe type of

nydr 09enat | oGab 3t Yoku SRy b aﬁ,@ﬁmggv&?mg i L abbGepipge ! materials

used for cata S acco ven I1on T ncludé i norganic
refractory ﬁ‘ﬁ?%ﬁopsﬁt@g oferopplt a“%F'ﬁIFﬁ e °'§‘°rd1 cpialysts ¥p thogegigmprse Pt lea¥ nor phous
and cryst al brer@rogp VIIL mew@l andian &sst os¢ Giodp Vitagpn Sprefsrablglstleded Sroagaesi as,
boria, titaghg coigstm rmmlﬂdam zm&nua&ﬁ ﬁ,@férasp A& Redh&h&LImo BT ef erred

support mat@r.i al e ‘cat i nc mna, anor Tous
silica-al unli“ﬁ%sufé??dmprmﬂwf/ Sued agiﬂlr*ine’au%lrcaﬁr deS?ift'$ ScP&rly those
mat er i aP8 clroyp Ml egtahés wpically pesent goin ammnt mhgingriem abowef2grercedt tocryst al | i ne

silica-al unauamoqmmﬁomfe@ﬂuy ﬁemeaswdutpyma@qb 'aﬁc%glﬂ\fkir&ht REQ u'ﬁ&mhf:' ed by their
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noder at or s, an??f"3 ib el Cmglgmexlﬁgﬁéo"?)s Irf%eéa?f“l"pg‘fpfc ntal &aaé’é?f"tﬁh nation. 23

January 200@ngmg rom about 5 percent to about 50 percent, preferably from about 10 percent to

. about 40 percent and more preferably from about 20 percent to about 30 percent based
25  upon the total weight of catalyst. It is within the scope of the present invention that
more than one type of hydrogenation catalySt be used in the same bed.

Suitable support materials used for catalysts according to the present invention
include inorganic refractory materials, e.g., alumina, silica, silicon carbide, amorphous
and crystalline silica-aluminas, silica magnesias, alumina-magnesias, boria, titania,

30 zirconia and mixtures and co-gels thereof. Preferred support materials for the catalysts
include alumina, amorphous silica-alumina, and the crystalline silica-aluminas,
particularly those materials classified as clays or zeolites. The most preferred
crystalline silica-aluminas are controlled acidity zeolites which are modified by their

- method of synthesis, for example by the incorporation of acidity moderators, and post-
35  synthesis modifications such as dealumination.
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sulfides froma distillate petroleum fraction by hydrotreating would
require that the stream be subjected to very severe catalytic

hydr ogenation in order to convert these conpounds into hydrocarbons and
hydrogen sul fide (H2S) Typically, the |arger any hydrocarbon noiety is,
the nore Wodshfzeult it is to hydrogenate the sul fi derieareiore, the

resi dual organo-sul fur conpounds renmaining after a hydrotreatnent are the
nost tightly substituted sul fides. In®a highly preferred embodi ment of this
i nvention sul fur nt ai ni ni c ou rer ved from vari ous
hydr ocar bon prodﬁ%‘fq? feﬂ‘é‘i“m?(ggﬂ‘gﬁhflfr(??ﬁo{"ﬁ “Rdd&? g?‘?ea LR PFIU™ r acki ng of
hydr ocar bon fraséeisbibbydetreing hwogldneqguin thaydle $uepurbe tshljerted 1t0 veny skvamé di zed
catalytic crcaamlagycﬁégemsmsomw ©rorRhatst abmyshdihoydloessnbam | i qui ds or
vapors are qaﬂsog&t@fhdw(ﬁﬁs) g@p,csn nﬁlleﬁargé V&gﬁgﬁ? h Gho é' %emoparticles,

typically in flurdized'b c or nat riser reactor, and
the cat al@stmmﬂ? dic Br 9ohydragesatey the yulfidgni Ahaasfored thet fe%{?\“ablo@mq'%’éfut enper at ur e
in a fluidi zespenddeapising sfttr 5 hyli@reitMentare tRahosOfhel) siubbimeduffideci ent to
effect the desired degree of cracking to | ow nol ecul ar 15 wei ght

hydr ocar bons of Inha?hﬂghiy\fﬂ:retféﬂ@ﬂ ‘éﬁab&d(m&ﬁ Q8 Al invEhibP sAfur-SdeMidGreand distillate
fuels. Conversion alytic

cracking pr oc%‘gmmdsl gre erF 'i‘" Vef[ etgonbyaré%'ﬁt g rPcaﬂ(ﬁ)?QPhpr%duﬁ?abﬁglrﬁ%'ﬁcé‘f‘% in a
reacti on zorfvidized eaplyticr asacking of bysdsarhen feedstoaks whichacontaini syt impyrities] 00| ty which
limts tHe denvdized @At BRacking pietsseDhigh mbtaanmadacgut hydRBar5RaRBds or Conver si on

andt pr of o Sé'r'*@** FEOTARER, Y o Ry 808 SBAD Bl B R €102 cact i on

zone, conprif¥® W?‘eré@%‘r ol %%&ggwdaﬁépr APk 31g) teeatalXpshydroggbAtai ni ng a

deacti vati ngmquans tiytainéd @ an bloveclaamseranat ard Slidiedd of @lspersed Statefau t ransferred
to a separ atphx%”a éi0ire sdfb{éiﬂéni)?@éﬂﬁ;@{‘th\éckﬂﬁfe§ rée 519&3&3%%1 %d? ASRAGNT cracking

cat al yst t he rati are nve ractl nator for the
separ at |1§|n &el@hlgé@ga%@ ﬁ%f&r'f’%‘ﬂ%p‘ y Pﬁ%enb‘&ﬂ°£°’§?50‘8&af‘ dipisifuets: These
vol atile hydrocarbon products typically enter the fractionator at a
tenperature in t&Everspyel & hydorashas feedstady ira flgidigpbentaligic grackingapieressuppl vy al | of
the heat nedesfiared Byoctonfatadith Qnerhdking. caldlysi fi0a triR e beeydti n@sdki ng of

~ hydrocar bon%emﬂaararevmdqtl h nBiafEROBARAM 1R L tdtberdin GRKR do? pipavo! dably

deposi ted or%t cat al car aceous S up on the
cracki ng cat#pyequ tep PFéO‘}ﬁlé“t Fonvesyiop femprratuges pig | dgsdiably iy the rangadraqabapld ¢ he
sel ect i \Z0t y 480° ¢ tveabout780°S and prefenablyp dromi about g8 oL ikanabold S0UCN Effhiemc ks

~.di m ni shes. gjhe thec?ctaﬁioxsionga&mﬂ?@ﬂﬁvﬂamc&r%o‘(lgﬂorsa aﬁ‘@lcﬁrcklpgréaiaﬁﬁ of its

original catal tlc fromit. This

"is carried 8?&‘ e Zbijaﬁ‘ﬁlvﬂtﬁlﬁtq‘f%’x@acffﬁgfﬁ%ge(?ﬂ%matﬁf@i8’390{“3 'W‘H‘rﬁ"f‘ﬁﬁr"@at al yst

usi ng a gas toussrargion genco Hydioesshpy erapofsrand ssparited frox sgatryacking eatalyst in

the separation zone and are conveyed to a fractionator for the separation of these
25  materials on the basis of boiling point. These volatile hydrocarbon products typically
- enter the fractionator at a temperature in the range from about 430° C to about 650° C

and supply all of the heat necessary for fractionation.

During the catalytic cracking of hydrocarbons, non-volatile carbonaceous
material or coke is unavoidably deposited on the catalyst.. As carbonaceous material
30  builds up on the cracking catalyst, the activity of the catalyst for cracking and the
selectivity of the catalyst for producing gasoline blending stocks diminishes. The
catalyst can, however, recover a major portion of its original catalytic activity by
removal of most of the coke from it. This is carried out by burning the carbonaceous
deposits from the catalyst using a gaseous source of dioxygen (molecular oxygen) in a

35  regeneration zone or regenerator. Typically the regeneration gas is derived from air.
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vari ety of process conditions are known to be useful in the practlce of

the fluidized catalytic cracking process. Were a gas oil feedstock is

enpl oyed, a throughput ratio, or volune ratio of total feed to fresh feed,
can vary Woosmwiaieut 1.0 to about 3.0. Conversion | eceluseamsyary from about
- 40 percent to about 100 percent where 5 conversion is defined as the

per cent age reducti on of hydrocarbons %blllng above 221 C at atnospheric

pressure by formatiaon of ghter materials or coke. The weight ratio of
flui di zed catal yétw’g‘b"at'j’ﬁly qfﬁ""l:%éc‘?"éé’{?‘fsoq“’ Kngrwn\se, b usgful 19 the Ffﬁ‘élc‘? ghge from

about 2 to abolltid2gl casdytit vatckibd erobdsei BVieeda gassqkfesdswik v ¢nhpldyadien a density

in the rangem;foﬁgmnamusr vlaﬁmieqau%tb@%an fe%a% l’fésh‘?é&& B frmﬁ%uplm er.
Fl uidizing v o _about 30

nmeters per 38@38 %gﬁ‘iefsﬁ’ﬂﬁeé’elﬁﬁwa&é g'??“?@éﬁ??’ﬁé% 8%‘&80 P':r‘iwﬁt ‘f’lTefﬁ di zed
catal yti & creqeversing ipdebnedas the perrentagnitediction efdwsiratathons ®iling wopva BHIGC 6. 0 wei ght

percent of dehtfdd Sphérit frédsurd BY Mifkdiio bORIAteE matHAif b cokd MR Wikhh rafblbt abl e
feedst ocks gy Edléé ga}t BEF&O%W :'ilQl;eP&br’Pﬁxﬁ %&&& i i I‘ﬁlr'll«ée o%:”%;%ht% GhouPsef r O eum
1ZEH

fractions suc gas oils, vacuum
gas 15 oi | s, Hapihe Fudiz %?amoédfﬂbmvgadr:@gr H‘u‘hﬁ rapge £rorm A laﬁuatwu e oils
derived fr ors2@kiogeinstphresbic neeer. \Blhidiziag velotifylan Bointtied radgs Grohyaioaar bon

fractiong dngb\égtcgofn;cgg;gpgyggggﬁgtl c oils, coal liquefaction and the
processing of oil shale and tar sands. Any of these feedstocks can be

- enpl oyed either sired c DESCRI PTI ON OF THE
PREFERRED EMBODI %“:‘Rﬁ%%y"o‘f‘mb"" i s“Fg bl ‘Perg“g%ﬁ’ﬁtfﬁﬁa@ﬁ‘i %“*8‘1‘(5 BPESent

i nvention, €& ¢°mtaazrftﬂrm@ﬁ>ut&?etpéla%é 0 weighbpercegtrof syr inriheciorm @frprgasucdepu cted

schemat i cal |silfuir Borhifv@ndds Sukabg feclitPike flcluyle bild agant Whited WIHRRCORRMHR NS

hydr ocar bon &Wﬁons %h%&lﬁ%ﬁ toﬂé 'ﬂéﬂg gé%%ﬂ?%{c-c%%@%’snngcaﬁl

nltrogen co Atai ni |caII

cracked Pn é?‘@BWW‘%? E]?CE'F:*EF Qilge st I‘EaCE?’&@R‘i‘ Wﬁleﬁflb@?é%%d o @Bt"&%/hﬁseadded val ue
products suahwal ak isght-conteuplig haisocadhore Fragiosodaioat from spdtedic ds, (a@hlkenes)

Referring mﬁﬁﬁéﬁ@n&%d %ﬁ}f)?&@srsi'ng of biPWad| 'aﬁtg{a@ghdsa Pln!y ghg}cﬁ 3RBL &S fdom a

refinery ﬁurfﬂlg % rou ndurt 14°and into pretreatnent unit
20. The |i gRt “HAPRE FYe dgf'b"’d’P( ?sé' MU¥Y of organi c conpounds which

i ncl ude hydrocarbon conpounds, 30 such as paraffins, olefins, naphthenes,
aromatics, and the inmpurities (sulfur-containing organic conpounds and

ni t rogen-cont ai ni ng organi ¢ conpounds). Advantageously, the [|ight naphtha
f eedst 0@R al so cont dPERRIATIGONQIMTHDPREFERREESENMBRODIMENTEhge of from about 10
percent to about 30 percent based upon the total weight of the feedstock.
Mor e . In order to better communicate the present invention, still another preferred

aspect of the invention is depicted schematically in the drawing: Typically, a gas oil
which contains hydrocarbon compounds, sulfur-containing organic compounds, and
nitrogen-containing organic compounds as impurities is catalytically cracked in a

25 fluidized catalytic cracking process to obtain added value products such as light
naphthas which also contain olefins (alkenes). '

Referring now to the schematic flow diagram, a light naphtha from a refinery
source 12 is passed through conduit 14 and into pretreatment unit 20, The light naphtha
feedstock is comprised of organic compounds which include hydrocarbon compounds,

30  such as paraffins, olefins, naphthenes, aromatics, and the impurities (sulfur-containing
organic compounds and nitrogen-containing organic compounds). Advantageously, the
light naphtha feedstock also contains an amount of alkenes in the range of from about
10 percent to about 30 percent based upon the total weight of the feedstock. More
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al kenes in suitable |ight naphtha feedstocks may as | ow as about

percent, or as high as about 50 percent. However, the |ight naphtha
feedstock al so contains up to about 2,500 parts per mllion by weight

sul fur, preferably from about 200 parts per mllion to about 1,000 5 parts
per ml| i wooyrzewei ght sulfur, in the formof sulfur-manisgeng Or gani c
conpounds which include thlophene t hi ophene derivatives, benzot hi ophene,
benzot hi ophene  derivatives, ner capt%?ns sul fi des and di sul fi des.
Typically, feedstock also contains basic nitro nt ai ni ng organic
conpounds asEePsily (b j2meunt afiglkenes, geurianls lisht I‘iél’h‘h& ?‘Bfmaﬁé‘%ﬂ‘l‘:‘ #trogen in
sui t abl e f eedigitt §pkrcens of a3 highraaatget Mpemewar d from about 30 10 parts per
mllion to about zero. At |east a portion of the basic nitrogen containing
conpounds are r eHow@sek, fhe Qight ﬁabt@halfie@hbcms@%mami eersbag k sofpeY gl cont act

Aqueous ol Ly pish 'b%‘“e%hﬁ iy Bl W%% | aoo gt og B ARG KoR2 2
‘condi ti o VIRFTEET a¥ ey %&i}é@ife}hw ¢ fpmm t-cqaﬂmmsanmmquwt ion of the
15 hydr ocar baichc twjodn ebidpheef thlhﬁeﬁeeelekﬂtaﬁmk, bénaathiaghiede, t beaatigephtieght napht ha
feedstock f rdgmaHWs mgxg §Sﬁﬁid5@£rfa%:gllfﬁﬂpd 1ca¥l§ feldifbel ers@ cnyn?a?r?‘iel 30, whi ch

contains a hed of solid adsorbent f eedsS [ L&}%h the bed
der Cond (P SUoB SEBlARu RO OIS SRR o EHIcE e Vot Foct

sel ective adompof basicamthizer incoidledridsigekol ima rangaduwnwvaddrani doutd t he

cont ai ne@ nlpﬁﬂ'[ £l ¢ Hahdknl Ng organl C corrpounds wth the adsorbent, and
t her eby obtain effl uent which contains |less of nitrogen-containing organic

conpounds t han { factesgalacky. BIE el aAgtaiLbusl choasel 30

passes thro u| on reactor 40, which
cont ai ns anul%gfggi 'i‘,apt{taﬁ fepdptack ‘hT‘H@h CeRiFchith é'bé"r’ld‘%%ﬂ‘f‘%éhﬁre"‘ia@%‘d@é‘ed t hr ough
react or 40, 2hier exampleosing aotagudoheschitionliof sufutialayig beneftb@illy medec mildn 25

condi tions %Ht&hn@éoﬁd:ﬁ&fsﬁ‘ﬂﬁdh\ﬂ% nbCcaB QMU 5ibniRERARBRA R chdbA df eoPheni ¢
enic materials through al kyl ati on by

i mpurities hi op

tg ol ef1|%nsthyq é’g'h‘éofrﬁ’f’nen{sﬁg&et ?Sé(‘fpl ve conditions of reaction depend upon
t he catal yst enpl oyed. For_ enbodinments wusing an acidic catalyst conprising
a solid phosphorite aaefferﬂ%ﬁieltg@rqaahfhﬁ fredstaek from w30 pagspschrongh copduitadet or , t he
contacti-ng iasd mar vaseb 3@ uthicht cohginp erted Wl edidi adscﬂbdhanghae feedzroclapasds 30 100 Cto

about 250 Cihrcﬁfgﬁftﬁcr Bl v)/nd@tt c&xﬁmrﬁh&lﬁ@&r'a@so@pﬂ%ﬁw&n th PeahgW ?fec]too Cto

about 235 C, .and npre era eratures._i.n rang rom about 110
D 2ot SIS A iepto e DPBEIIEE RUA o JrPORIOR of B CEAING FOSFST br 1 o0
t hr Ough 280 n detainiaorganit degwgpunds with the adsorbent, and thereby obtain effluent which

contains less of nitrogen-containing organic compounds than the feedstock.

The low nitrogen effluent from vessel 30 passes through conduit 32 and into a

- first alkylation reactor 40, which contains an acidic catalyst. The low nitrogen effluent

is passed through reactor 40, where it contacts the acidic catalyst under reaction

25 conditions which are effective to convert predominately the thiophenic impurities to

higher boiling thiophenic materials through alkylation by the olefins. In general, the

effective conditions of reaction depend upon the catalyst employed. For embodiments

using an acidic catalyst comprising a solid phosphoric acid material in the initial

alkylation reactor, the contacting is carried out at temperatures in a range from about

30  100° C to about 250° C, preferably at temperatures in a range from about 100° C to

about 235° C, and more preferably at temperatures in a range from about 110° C to
about 220° C.

Effluent from alkylation reactor 40 is transferred through conduit 42 and heat
exchanger 60, wherein the temperature of the effluent stream is reduced by a pre-




exchanger 60, wherein the tenperature of the effluent stpgamapy p@sBiced by
a pre 23 January 2006 WD 03/012010 PCT/ US02/ 17064 28 sel ected anount of at
|l east 5 C. The tenperature differential between the initial alkylation
stage and the subsequent stage preferably is in a range of from about
negative 5 C to about negative 115 C, nore preferably in a range from
about negwbivwe2dtb C to about negative 75 C. 5 The aldfludentespt ream at the
reduced tenperature passes from heat exchanger 60, through conduit 64 and
i nto downstream al kyl ati on reactor 7®8 which contains an acidic catalyst.
The effluent streamis passed through reactor 70, where it contacts the
acidic cat ZFed mRyst OE dalerst §n G hlitemrsraursydiferenig! dewrereeiivigialt o convert
pr edom nat elakyktien stage arciahd sabsequeniditagepréfiecibly id inp winpd df éemtabornnggigve boi | i ng
material s thpeyghhsl itﬁ&'l%@%o&??efel@lﬁh%fr Qéfrodlﬁbogffxﬂ LRk 152l effective
condi tions OB?reactl eepen upon the “cat yst For enbodi nents
usi ng an aci®dM B %1’9st conprising a solid phosphorl c aC| d material in
the initial alkylation reactor, the contacting is carried out at

t enper at & es pr eFisre&iieyt Srerm aikbsoreduceshicmprstinre PSS fom hesixehapgsn 66, nor e
preferably alirougheoniei 84 anddmo uasw:rsmgﬁmylaﬁaﬂ 20 t70 Sthidk coftaiadmutidit50 C nost

preferabl y %&aﬁ%ﬁ@é}ﬁ%@&ﬁ&% afled ARAEH LRI AL 1 0l bR BRUL 130 C f or

best results eslred sequentl al uyse of catal yst

n ord 0 carry o
materials i r‘ia%lyslh}’ln%lf‘é‘ﬁ“"“r‘é’& i ‘%BC“ E\d'S F%.‘f"? Hh"‘i“é%{bt’r&?"“?ﬁf“e BHE thereafter
as adsor bentmeicaptars ssdiulfBds impssities fo ghevibailing magsigle khrgugh alkgiamnby thes

cont enpl4@t edefidde Kb @&efal, Nhd 5&9@& éﬁmﬁb& b restkiba 'd@ﬂéﬁd L{J&mhv%ﬁé@h 30 are
nmoni tored. W vessel 30 rise

ro
Lo 20  basi ¢ HPPYAqd CBMEIHGE A5 ol FoS cEpPty § s BPRETS e )
cont ai ni ng Reidgpaterigl dn yibe ipidal kydation tpagtorh the seontacting is| ¢amiedr ettted as t he
dnitial al Kydnipblaies pRESILHIin fige H&iﬁauoeamf’@:rto\ébuuctoo"waﬁmfelpmﬁim}a&ed as the

nitial al kybQLhgs' §AGLAT ihd BHATSRCET Babdl U186 BORHLCRellahyShr ated as

‘the alklatl react S the
al kyl at i én fe@RerRigFes nyange fromabiops § 07 Fé%l“‘ioét 1Bfe Csf@fr'%‘iftéfé“'ﬁ} I ust rated as vessel
30, which is taken out of service, 25 recharged with fresh catalyst, and

‘used as the subdegquerp Cmqqglhvéess@ISCQUEMell etk lof/ ¢ et ystmyerabsdmlpdames from
al kyl ation reea&taorau?y@auoﬁ ha@wh 40 heidhfter Zs%a@dmzm ih REsQel B0, 3kd Aflaatvinon col um 80

where the NLa08iodb Ol 18 BHLLIELE B! Aot IEMELcleel o BLY! 2t O

reactions are s Fa eby is of
reduced sul & ﬁreé@ﬂwerﬁ@ Wiee basisyRitsRsED ieﬁgs iy 'éiélefﬂ@ﬁ“ fipimi vense] 30 ¥ teeduced
sul fur @ont baic ndfbgéreleddls of @eell (ntd YeeseB3N, thel kwiag Méseud tonbiining Yeesh Eatafst i eedst ock

fraction anﬁla&a% fhe qggﬁ:é Lflugltaleg s th@ﬂ'ﬁ&?hl@%&tﬂjﬂfﬁé@&"ﬁﬂ 1’?1%6 r%ctoir Wh ht hd.r awn from

distillatio ﬂ con raction from
condui t 86 ATl aythe nitl Hjgrio repstor iy ansferrprblopestyich glustrated a

the alkylation reactor 70. The reactor which was illustrated as the alkylation reactor 70
is transferred to the service illustrated as vessel 30, which is taken out of service,
25  recharged with fresh catalyst, and used as the subsequent swing vessel.

The alkylated stream passes from alkylation reactor 70, through conduit 72 and
into distillation column 80 where the higher boiling sulfur-containing products of the
alkylation reactions are separated from a fow boiling fraction, which thereby is of

_ * reduced sulfur content. The low boiling fraction, which is of reduced sulfur content
~ 30 relative to the sulfur content of the first feedstock fraction 'and has a distillation
endpoint of about 177° C, is withdrawn from distillation column 80 through conduit 86.
This low boiling fraction from conduit 86 can be used as a low sulfur gasoline blending
stock. Typically, the sulfur content of this low boiling fraction is less than about 50
parts per million, preferably less than about 30 parts per million and more preferably
35  less than about 15 parts per million.
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than about 50 parts per mllion, preferably |ess than abo parts per
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has an initial boiling point of about 177 C and contains the high boiling
al kyl at edwsnebdbazerocont ai ni ng materi al produced in al kpdrfsh@hoss F €actor 70, i s
wi t hdrawn fromdistillation colum 80 through conduit 82. If desired, this
hi gh boiling material can be w thdrawf for subsequent use or disposal. In
preferred 5 enbodi nents of the invention, this high boiling material is
conveyed to a hydt det elling fectiagnyhictolns ap it oibirgrRett of Bou1F7° € aroval of at
| east a por tdosainofheihigh i®ilink ulkyleatselfir-cofeigas antsbal mroductiden Qixplagdmi Ng
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hydrotreati tor refl ner ur c rough conduit
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material. The reactor may be operated in up-flow, down-flow, or
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hydr ogenation is tors I'nc sel ection of

cat al yst an&a‘&lé'r‘f“dfe? 'g? l"g%fff"f“f'lﬁn“m tatfyframp stpragp or ﬁr’éﬁ‘i‘eéﬁéscﬁ’éﬂeu%e of the
sul fur 15 cdbahrpmigit 84.gFypicelly, the watalyiickydioredting rdaétgivotnaing omegr mateer i al . The

condi ti oS Qfed BACH @Y sarfld &r @lﬁé&ﬁtaalavysxsain@mm = Hidfogk man-géoam Itnggml gg

percent of the quu conter} %hbﬁ sulfé ,@gntal ni n

i's converte&a{(’B HEYEAUTLAL e dish bojlige BRHE, M feagtgr mayiheopgrpied E‘onver sion to
hydr ogen sul“f>1ﬂd‘é, oyn-glow) @asltnteabwtﬂtﬁquféhed'elnid.mcﬂ'gqsé56hbugy the bed.xed bed of
suitable catalyst is used in the catalytic reactor under 20 conditions
such that rel atiThelextehtosighyfregenaids i€ Heppsdentagbn sevetabfjene rvaidhOaclic ones

necessary, [ . from about
S0°C th aféégﬁctﬁmm@stzﬁ Hﬁﬁgiggﬁ@f{e g{,n RPN KERGLRGHE sy [ " OM ADOU

most pr ePer &HAnipE RNIC >80 ?:X‘g 80'55%{5‘?‘5’2%0 @CWE’)‘PO’BQP‘J‘F‘%UI ts and’
at a pressunre deiitably seledied sueinat aofleastfaboun S@lpewent 6f the salfiywontdi ®f at::m)spher es.

One 0{ rr?r e sifafl Sontfinif i Stk 1§ WONeRHAGH by d?o"ge§ﬁweas]§nh%tf@m c.tG' still at' on
operate tog ractionation system
This syst em&sgg%?og ersmnu‘ﬁﬁ%ﬁ%fﬂéa&%eﬁ% egﬁéﬁou %FCS‘BM sul fide and other

non- condensabl e products of hydrogenation fromthe effluent stream After
removal of hydr J&E‘ﬁ Y fned bed ?frsﬂb‘g’& cafalyst is Apedfin thecatab o FRrRY BT eat i ng
unit 90200 sdnditiagse suwgh thatr efalivedy yongl panidin glapsai befdre aégesdraion ) bekdtiaugh condui t
96. 30 Typi ﬁé%l:s’séi'y o GaPb b bveP P taBonUond RinferRfi8 3¥ fbm! ot 895cl §an about 50
parts per m l:l)out £ ® C., preferably from about 75° C. to about 255° C., and most preferably from '
about 200° C. to about 200° C. for best results, and at a pressure within the range of
' from about 6 to about 160 atmospheres. One or more beds of catalyst and subsequent
25 separation and distillation operate together as an integrated hydrotreating and
fractionation system. This system separates unreacted dihydrogen, hydrogen sulfide

and other non-condensable products of hydrogenation from the effluent stream.

After removal of hydrogen sulfide, product is transferred from hydrotreating
unit 90 to storage or a refinery blending unit (not shown) through conduit 96.
30  Typically, the sulfur content of this product is iess than about 50 parts per million,
preferably less than about 30 parts per million and more preferably less than about 15
parts per million. If desired the resulting liquid mixture of condensable compounds is
fractionated into a low-boiling fraction containing a miner amount of remaining sulfur

- and a high-boiling fraction containing a major amount of remaining sulfur.




preferably | ess than about 30 parts per mllion and nDreggwéﬁ ff%? | ess
than about 15 parts per mllion. If desired the resulting liq m xture
of condensabl e conpounds is fractionated into a lowboiling fraction
containing a mnor anount of remaining sulfur and a high-boiling fraction
containing a major anmount of remaining sul fur. 23 January 2006 WD 03/012010
PCT/ USO2/ wa05ei280 EXAMPLES OF THE | NVENTI ON The f ol |pgwivs@ksanpl es wil |
serve to illustrate certain specific enbodinents of the herein disclosed

i nventi on. These Exanpl es shoul d not,3thowever, be 5 construed as limting
the scope of the novel invention as there are many variations which may be
nmade thereon without departing fromthe spirit of the disclosed invention,
as those of skill in the art will recogni ze. GENERAL The pilot-scale unit

included two identical fixEX¥AMBHES@REHBMVENTION were 10 operated in a
serial down-flow node with inter-reactor cooling of the process stream

Each reactor wasThetellqyen ErxatmpleSOU sedve of illesartualcyrgitn spdifi epibodiesms st r eam f | owed
into the f 'otTSIEe h&8Gt BlcidRid m@nﬁof)wo me&ﬁaﬁﬁrnéml %&1@&%%@&69@' ;Ngl ?h ; lﬁgean
preci sion. neteri ssu itey

ext er nal “pr éﬂ'@gl’eggasqﬁﬁ% 6e%813° ‘fl}mev\‘}%gd?ybtb%'é"ﬁ twetaﬁ‘f e %?‘g‘?&be equi pped
with six heathichgmsyobfe SadeTtegoern svithoue gepeeting fidsn theaspuit ed ted disdosehe centerline

of each cat giwsionf8 thobyofsKIR i RE StMI@&ofdizevar i ous positions, and the
heati ng zones were adjusted accordingly. An inter-reactor sanpling system

was | ocat ed dygignggn the two reactors allowing the |iquid process streamto
- be sanpled at operating conditions. During operation, the process stream

was charged intopth rst. react of 1 act or n|t through a
feed wei gh tubeonjg‘r il Lca{(‘)%nu"rlhs%n':lu'&)&rq St mﬁl("fepxefl]\ﬁ’?d "ﬁ‘ g plE"‘éssﬁre feed punp

(Whi t ey)10 afperaied i Sé'i”H arwisflew @mi@wn wré-rqaéqoracoobma‘ ¢fubmmr0¢eﬁ-°omemhe first
react or was Eashaggfoe waechaiged with 300 miesraadlyste T6¢ pocessldearh flopdddntpieduct from

the second . aLAGkGIof tne WS fladduflic rdb Ol Bl RE3H e SRBRLATGenil i N 11 00en

was used to nmajnt aln at the
desired opef&fithighigh 8@%*&5‘3&“‘1@9'&( Bitexraad aQS’“F‘i“EfLH"ﬂ’e?‘?f tHieh Kaper at or was
mai nt ai ned - bys dispofernwithic e itrnak eqapped withnix feedw @xanlemperadires lnerei nvent i on,

the naphghaﬂeﬁﬁéﬁtﬂﬁ% lhprlltérf‘& v &fch LG Etaﬁgeby ttfel%ﬂc %tlnq]aflghst o about 226
C, was obtain onal disti].lation ducts fromthe

(T uidr zod cBpsiop pad fofSiasfhgones v a%%tea.afcqc@wstmw o BRI ned

sul f ur- cont aistemrivgesilegaigd |b@twe@ theywe| rpasioss %lbwmheheria;gidmacﬁsegm wdlke using a
mul ti -col unmnﬁﬁhdga@eﬁhﬁmlmaphl c technique showed it to contain on a
wei ght basis: 42.5 percent

During operation, the process stream was charged into the first reactor of the
20 -two reactor unit through a feed we:gh tube, precision metering pump (Zenith), high
pressure feed pump (Whitey), and an external preheater The total effluent from the
first reactor was transferred into the second reactor. The liquid product from the second
reactor flowed into a high pressure separator where nitrogen was used to maintain the
outlet pressure of the second reactor at the desired operating pressure. Level of the

25 liquid in the separator was maintained by an Annin control valve.

In these examples of the invention, the naphtha feedstock, boiling over the range
from about 61° C to about 226° C, was obtained by fractional distillation of the
products from the fluidized catalytic cracking of a gas oil feedstock which contained
sulfur-containing impurities. Analysis of the naphtha feedstock using a multi-column

30  gas chromatographic technique showed it to contain on a weight basis: 42.5 percent
olefins (7.75 percent cyclic olefins), 15.6 percent aromatics, and 32.3 percent paraffins
(9.4] percent cyclic paraffins). This naphtha feedstock was admixed with isopropyl

~ alcohol to provide feedstock having an alkanol level of 240 parts per million.




olefins (7.75. percent cyclic olefins), 15.6 percent arongt ?ﬁﬁ 6323
percent paraffins (9.41 percent cyclic paraffins). This nap ?Wa eedstock
was adm xed with isopropyl alcohol to provide feedstock having an al kanol

| evel of 240 parts per million. 23 January 2006 WD 03/012010 PCT/ US02/ 17064
31 Except were stated otherwi se, the catal yst used for the exanples was a
solid pheepsaeiec aci d catal yst (C84-5-01 supplied werogsngdem e, Inc.,
Louisville. Kentucky. USA) which was crushed to a Tyler screen nesh size
-of -12 +20 (USA Standard Testing Si e'Ue by W S. TyI er). 5 Unless otherw se
i ndi cated, perce ges andEloarts_E) | 1ion g are on the bases of an
appropri ate wei g'l?ﬁc qthgryyis HF"scaéf"iﬁhﬁﬁe‘é Bfthe HRmPley At # 6¢lidt he t wo
react ors werphosphreir gadicaralysh(G8H6-08 elyiptied ipytSnd Sharit,dnadiodis:Glid. &entadky.havi ng

particle sizga) Mcﬂrwa%ccrr@ﬁéu weﬁhylerls%mtz%esmaﬁk ePanat B UEA Sthndardl | qui d

hourly space, \{%I 3 %\g él -1. Reactor one was maintained at a
terrperature ? % Stﬁ 1 29 yara‘md reactor two at a tenperature of about 122
C . a tenmperature differential between the serial reactors of

- negatl ve 5500 C. iHess gdprwiss indiqaied. nsiceniagess angpaisper FralliohGRm) A8 oAl e | . The
reducti on i mhasedwdf ab agpedpriatk weightet hyl and 3-net hyl thi ophenes was from about
254 ppmto about 3 ppm a reduction of about 98.8 percent. 15 The total of
C2-t hi ophenes was reduced from abpxaMPRE 1ppm to about 29 ppm a reduction
of 76.8 percent. The reduction in the total of all sulfur conpounds boiling

at | temperat ur es, el QnblQr GRS EOR Eﬁ%ﬁf&er@wt éjﬁptué cha’ PPM 2
e dor

reducti on of IS exa e, as in

Exanmpl e 1, PW@%P%”%?{%‘{?WléaVWélp@“‘éﬁ&Fﬁgél fRefesn i an ?R?E‘f? r| c acid
cat al yst10havﬂ adiqpid rhopdy epasé xelsciffydfel.5 dict.e Reacres bne- &2 wadjainadict aper at ed  at

a liquid hOtéHpb’ratﬁ&Qﬁ@bdﬁ?'l'Q@'d )\.’ndlfeacgor%@it a]tcmﬂ'e@fﬁé’ Bf abohit€1284 O eo'ﬂe Was
mai nt ai ned gc

tenperature OF eratﬁre i&fga%ﬂweeréthc Seé'af rfaé:%se%d’te%ﬂnée é‘f,a(g e‘g'éa\lﬂsisa?f et ween t he
serial reacP@pess %rparpwhwwre Tahle CThN?élllOySﬂ is tef totahef 228ethyl erslelsmethylr eam i s
shown i n Tathophdnks was T db66t2S4 pamid dbodt B@pi0s Riucn &” 2081t by B patse. 3- et hyl

1 SPheass g B 2 A AL g0 0 S9050°, L S0

about  43. 159y5HeR of768hgteerti dhe %@“Cﬁ?}b‘ﬂt‘heégala)fﬁ'éﬁl&@hﬁomws peiliRecti on in t he
total of . al temperhthres beleo h{d hes flvei dbomd 84 pph esdtetes. Lpes areduodivnlf0 C was from
about 184 pmﬁe&eﬁbout 30 20.52 ppm a reduction of only about 88.8

per cent.

COMPARATIVE EXAMPLE

20 In this example, as in Example 1, the two reactors were charged with the solid
phoslﬁhoric acid catalyst having particlé sizes Tyler screen mesh -12 +20, and operated
at a liquid hourly space velocity of 1.5 hr'l, However, reactor one was maintained at a
temperature of about 121° C, and reactor two at a temperature of about 172° G, ie., a
temperature differential between the serial reactors of positive 51° C. Analysis of the
25  process stream is shown in Table Il. The reduction in the total of 2-methyl' and 3-
methyl thiophenes was from about 254 ppm 10 about 5.42 ppm, a reduction of about
97.8 percent. The total of C2-thiophenes was reduced from about 125 ppm to about
43.16 ppm, a reduction of about 65.5 percent. The reduction in the total of all sulfur
compounds boiling at temperatures below [10° C was from about 184 ppm to about
30 2052 ppm, a reduction of only about 88.8 percent.

In the comparative example the level of all sulfur compounds boiling at
temperatures below 110° C was, importantly, 3.58 times greater than in Example | of
- the invention.




In the conparative exanpl e the | evel of all sulfur corrpoi,glt(,ign Bj d%g at
tenperatures below 110 C was, inportantly, 3.58 tines greate han i n

Exanple | of the invention. 23 January 2006 WO 03/012010 PCT/ US02/ 17064
32 EXAVPLE 2 Anot her pilot-scale unit which included one fixed-bed reactor
was used to denonstrate the adsorption aspect of the invention, in

parti cul awoosdmecicapabi ity of a solid phosphoric aci@dagediddsyst (C84-5-01
supplied by Sud Chem e, Inc.) to adsorb basic 5 nitrogen conpounds from a
napht ha feedstock. This tubular, stai?d ess steel, reactor had an internal
di aneter of 1.58 cm and a tot al it er%iS heat ed vol une of about 80 cnB.
The centerline of the tubul ar rea&feM 24i sposed vertically. The reactor
was charged with 20 nL of catalyst which was di sposed between two beds of
inert al um na palRethgy. pilytysale aisiy which ipeludsdramg fixedbadarepritort waseusesf 1000 per cent
napht ha frordemomsahtaltye ddgorptidd ApeaCHi the invemioRSiH pamidulddhpEBity ¢fapht ha from a

rCoaal Cr PRl hoRORERR calS (Ehat-ol Sopllllef BuFRREAL BT SRBBRLR POL T O

of basic nitr atturic acid
- (10 per ceht )Mtogen ‘”é’§§’°‘qu‘éﬁ°‘3a|ﬂ%ﬂhfh§ feﬁ@ﬁ‘o% Thip giular sippless stegl eackoybad  and 8

parts per mizhlintemalglianteat af 1.58 ¢m,cgeén totdllisemalstieaed milurhdisfebva$0@ahfl xed with
tri- ethyl anf‘h@@en‘ié?lnﬁro@me%uﬁr E@&Q %@Ws?&e@v&&aﬂarﬁé r&%ﬁ 1% slchir@dy | evel of

basi c nltro 5 10 he feed was
al so adm xe 2@?‘1'91 iS?f?%{‘)V “’p scdobgﬁBﬁed BVEROVP fg%"d'sat“%’kaﬂ‘? Mg an al kanol
| evel of 240 partsofper mllion. The reactor was operated in a down-flow
node at a |i qui dTI50E5 YasPEepated {ram adpixipreosl 9D psroppt naphtha feamp eaalitice of about
177 C, afid arapkiesgrodess and 1@adeht nafhtidviroat MherAabdratRing patese ik uibre, f rom t he

reactor sho o o alah and no 20
detect abl e \gﬁrfggﬁt 't“%@d %@lbahg i&}f‘;}é}g%,{?%% &QL lﬁlfrcﬁgn'g%wﬂgﬁgvr@éh a%ggu cat al yst

adsorbed al °“°tfﬁ‘é‘f“6‘é§‘r'l REFCEBLIS '?Sﬁ-b‘l?f‘ 3 AR S ROl b3 NITREN (o
pur poses of aeh@ pmsa@emnllwrmfemah nitroged. pTledwashedamixiuye’ wassaidaladd wabl ks nore  t han

- about fifty.peamBBYo pr ﬁﬁ@§te€@ﬁdvﬁa%|ay5ﬂa§s se?fmnsﬁheaa oP 644 itkd3bh Wat h

sufficient fregquenc ih .such s as to neasurably
af f ect ﬁllgcréost%o“ ’°§°f2§fg5 ?P'qurg }B’f’ nlh’ efedosr A 8@Bﬁ%&dﬁd508rr°mélyst em Were
t he frequenélgohst Woprayids fepdsieck bavingsanaitkapetdenst of %40n?@tt8 parasifion.subst antial ly is
to be regar sacomsasapabitd inwRIdR-fPR mod€ Rta IRQhid hBﬁH}Bspathaoch@rom 5arfeedstock

consi sti ng ?e?n@@r@@ul-eaéflalé%u?fl'??“cs ofHEL bRRHF alhy boA%m P Ao BRSO e sz the

feedstock b
‘absol utely r@’%c’@?)treaﬁﬁéﬁh%'ﬁ'ﬁlq ‘%F‘P‘E’B?fbﬁ@t%ﬁlof:ﬁ PREY eh Brillen end H’an a
negl i gi e ddtéomble anUB RS bacmasgapiThe geldl phbspharicanid cithlipd hdsolbeCoNg ar e

perm tted, n¥BhGAlitdeekPphfd M Qe

- For the purposes of the present invention, “predominantly” is defined as more

~than about fifty percent. “Substantially” is defined as occurring with sufficient

frequency or being present in such proportions as to measurably affect macroscopic

25  properties of an associated compound or system. Where the frequency or proportion for

such impact is not clear, substantially is to be regarded as about twenty per cent or

~more. The term "a feedstock consisting essentially of" is defined as at least 95 percent

of the feedstock by volume. The term "essentially free of" is defined as absoluiely

except that small variations which have no more than a negligible effect on

30  macroscopic qualities and final outcome are permitted, typically up to about one
‘percent. -




percent. 23 January 2006 WO 03/012010 PCT/U802/17064 BEER%BEEWIC@EALYSIS
OF THE PROCESS STREAM FOR SERI AL REACTORS UNDER A TEMP Iﬁ ERENTI AL
OF NEGATI VE 50 C. Sul fur ConpoundReactor One Reactor Two Product, Feed,
ppnFeed, ppnppm feed53. 01615 10net hyl nercapt an0. 9700 et hyl

mer capt an29. 40. 300. 28 n- propyl nercapt an00. 370. 20 i sopr opyl

mer capt anwo3%d12840. 89 n- butyl mercaptan0l. 671. 52 PCE/US02/17064

152- net hyl , | - propanet hi ol 1. 480. 120 2- net hyl , 2- propanet hi ol 1. 230. 180. 12 any!l
nercaptanOO 410. 13 nethyl sul fide0. 858 430. 41 carbon di sul fi de0. 230. 380. 18
20et hyl nethyl sulfide2.31.080.9 tetrahydrathi ophene28.312.99. 12

t hi ophenell7.61. 71 O -T253. 585. 83. 1‘@%@% 17T124.9738.1728.83 S < 110

C. 184.067.585.73 A -T is a total of 2-nethyl thiophenes and 3-nethyl

' ;Ih: Oghle][‘ef Cg%p@gs!g%@rﬁ@?ﬁécﬁsmmgﬁﬁ&L REACTORS @%%l@?gnt g£ al 28];)6
ul fu u uary
WD 03/ 012010 PCT/ USO %W%ﬁ%&% 4‘ PROCESS STREAM FOR

SERI AL REACTORS UNDER A

Reactor One Reactor Two Product,
Sulfur Compound Feed, ppm Feed, ppm ppm
feed © 530 16 15
10  methyl mercaptan 0.97 0 0
ethyl mercaptan 294 0.30 0.28
n-propyl mercaptan 0 0.37 0.20
isopropyl mercaptan 7.39 1.24 0.89
n-butyl mercaptan 0 1.67 1.52
15  2-methyl,l-propanethiol 1.48 0.12 0
2-methyl,2-propanethiol 1.23 0.i8 0.12
amyl mercaptan 0 0.41 0.13
methyl sulfide 0.85 0.43 0.41
carbon disulfide 0.23 0.38 0.18
20 ethyl methyl sulfide 23 1.08 0.9
tetrahydrathiophene 283 12.9 9.12
thiophene 117.6 1.7 1
CI-T 253.58 5.8 3.1
25 C2T | 124.97 3817 28.83
s<110°C. 184.06 7.58 7 5.73

CI1-T is a total of 2-methy! thiophenes and 3-methyl thiophenes.
C2-T is a total of C2 thiophenes.

30 S<I10° C is a total of all sulfur compouhds boiling at temperatures below 110° C.




TEMPERATURE DI FFERENTI AL OF POSITIVE 51 C. Reactor One %?%ﬁﬁ%ﬁY%?H%
Product, Sul fur Conpound Feed, ppnfFeed, ppnppm 10feed53. 09 t hyl

mer capt an0. 9700 et hyl nercapt an29. 40. 211. 25 n- propyl nercapt an00. 261. 19

i sopropyl nmercaptan7.390.462. 20 15n-butyl nercaptan02.034. 11

2-met hyl , | - propanet hi o] 1. 480. 110. 20 '2- et hyl , 2- pr opanet hi ol 1. 230. 180. 41
anyl ner captoaen®@@o 140. 27 net hyl sul fide0. 850. 510. 62 2@taEd2aM64

di sul fide0. 230. 240. 33 et hyl nethyl sulfide2.31.221.48

t et r ahydr at hi ophene28. 321. 210. 39 thidﬁhene117.612.82.38

25C - T253. 5828. 235. 42 C2-T124.9760. 3143.16 S < 110 C. 184.0616. 2120. 52

30 -T is a total of 2-nethyl thiophenes and 3-nethyl thiophenes. C2-T is a
total of C2 thiophenes. S < 110 C. TABLR It otal of all sul fur conpounds
boiling at tenperatures below 110 C. 23 January 2006 WD 03/012010

PCT/ US02/ 1706@%@&?6%%u®d§5§?g¥en dféE}éﬂ.?gRE‘?ﬁﬁ%%&DﬁRﬁhe production

of products whi are_ | con ns an aln organic
sul fur c&mpounds of FEYRERAHBREPIFERENEIAGRF ROHRIVESI? €espondi ng

sul fur-contai ning conpounds in the feedstock, which process conprises: 5
providing a feedstock conprising a m xture of hydrocarbons which includes
ol efins, and sul fur-containing orgB§fter @enpoulgactaadsoni t Pegbsi- cont ai ni ng
organi ¢ corspgsi@dmpodne feedst ock Cesdsppat i Ng eE&@ppimal | y ofpniat eri al

boi li ng between about 600 C. and about 345 C. and having a sul fur content

up to ahgut ;4,000 or 5,000 parts perg,, 9 24
methyl mercaptan 097 0 0
ethyl mercaptan 204 0.21 1.25
n-propyl mercaptan 0 0.26 1.19
isopropyl mercaptan .7.39 0.46 2.20
15  n-butyl mercaptan 0 2.03 4.11
2-methyl, 1-propanethiol 1.48 0.11 0.20
2-methyl,2-propanethiol ' 1.23 0.18 041
amyl mercaptan 0 0.14 0.27
methy! sulfide 0.85 0.51 0.62
20  carbon disulfide 0.23 0.24 0.33
ethyl methyl sulfide 2.3 1.22 1.48
tetrahydrathiophene 28.3 21.2 10.39
thiophene 1176 128 2.38
25 CI-T 253.58 28.23 5.42
C2-T 124.97 6031 43.16
$<110°C. 184.06 1621 2052

C1-T is a total of 2-methyl thiophenes and 3-methyl thiophenes.
30  C2-Tis atotal of C2 thiophenes. '

S < 110° C. is a total of all sulfur compounds boiling at temperatures below 110° C.




milion and a nitrogen content up to about 2,000 parts pg§jdAkh) st 10

" passing the feedstock through a bed of solid adsorbent, under conditions
suitable for adsorption within the bed, to effect selective adsorption
and/ or conmplexing of at |east a portion of the contained

ni t rogen-contai ning organi ¢ conpounds with the adsorbent, and thereby
obt ai n ef Wowemizeibr om t he bed which contains | ess of wirus@@@&is contai ni ng
or gani ¢ conpounds than the feedstock; 15 in a first contacting stage at
el evated tenperatures, contacting the%ffluent with an acidic catal yst
under conditions which are effective to convert a portion of the
inpurities t l.fyr.-containing material of higher nolecul ar wei ght

t hrough al kyﬂg |l(§)érf1] g%é/]mfg'?ﬁles' ol efins, thereby formng an initial product
stream and in a, subsequent contacting stage and. at tenperatures at |east
10 C lower than 20 AnPRERSH &y dhegiroquation at podpe) whishysesy lguisk BEmbignt he i r st
“contacting s;mrtjfép,nfs euhtertdin ogaait shiéasompangoot higirer ofioldchler iveilzliti thin product
streamwi th c@ﬂqsﬁ&hﬁ?@uiﬁ@-ﬁ:@ltﬂlﬁﬁg pganaciandidtdiQnk, WhkiRoREsRomprlikgct i ve to
convert g portion ol t hef Idr}?‘goll‘“ ties to a tsuI f r-cor%al nh.nlg. terial of

hi gher bl ecul af °Welg Rt “CAPSUGHPEN RS f JVTBR %}y?rﬂcé“ PEFMAE InCUles eby f or mi ng
a subsequentelefigy, Rad culiwtcpeiaining X5gapic cpipoynds @ad giitrogencdoniaiing ageaicei n t he
pet rol eum L /Gteﬂﬁduﬁ&skth'b &eﬁmrcbti‘s%dn@&fssent’?all@%ﬂhlﬁtlaﬁalfr?bﬂlﬁg Berbadh abc];ﬁt iaale cracki ng
process and/®or r , ' ro e i TNe, HroC of claim:|l
wherein the cgéﬂ“?“c?kg?éﬁ'e“?{?ﬂ?‘@%ﬁ%‘r‘ﬁ“@@?é‘? %%ab‘?%‘t’@rbioé ’Eé\(}ﬁagﬁ Pf's prepar ed
from an aci dritliopapdgnreogenonigaidiptqabayt 21089 garts geraniiiont he  cont acti ng st ages.
30 4. TH& pr ocesmssifg ti feddstodk thfoaghen biad biselididedrbont, andel eontlitiods stipwlef eedst ock is
~at | east eqyalidiliod wilkindthe BaS kcSeffel ste\%ﬁ;ve%somﬁn %Fﬁ‘%ﬁ@@%h%bf‘h”g or gani c

conpounds. 5. The rgr ocgsg of cl qim | ereln-a s oric acid
catal yst is (et POrYEn ©Of, e, EniRinec JUFagen contaimipe, prepic, SYmRORIS o¥ith e cont act i ng
stages. 23 Jdwthentyan20Bebp@beB1GARON DorP@E tdSOdich A0fidins BS & . nitfdgen-pr ocess of

clai m 1 whergiditd@eRicR¥mb&Fdd BINRS Bddwb8S used in the initial contacting
7 Thee‘{l)rocess of

stage arg in a Mga :rst]::cr)n?%lir?‘bs it (}e OvatC EO athUt S i he ; h

clai m 1 Wher ei n T Ao A& ¢ & N8 AL A5V IS¢ tepReraivycaneraing e sReU g stage is

conpri sed of® &ciacatrlyy| underi eonditiens prhighaare gfféctivmioaepnyari diperticmphithgst by 5 use

in the firstmgeitiésach sulyr-sdnt@tng mdiial iTRighed holecBRSOEIRR Brough 2k MDA Sed of a

~material ""h'bfme béﬁ:&é{ﬁ&@ﬁﬁﬁnﬂiﬁﬂpiﬁinﬁ %ﬁﬁcgkt%a@aatn?! yst by use in the first
contacting stage and/ or “the subseqlient contacting stage. 8. The process of

clai m 1 wher ei n P AEDSTGVEN Cotacting Sjage andsat SmRSTAREB At st 40°6 | lpwer than

20  an average of the elevated temperatures in the first contacting stage, contacting at least

a portion of the initial product stream with an acidic catalyst under conditions which are

: effec_tive 10 convert a portion of the impurities to a sulfur-containing material of higher

- molecular weight through alkylation‘ by the olefins, thereby formiﬁg a subsequent
product strearn.

25 - 2. The process of claim 1 wherein the petroléum feedstock is comprised of
a naphtha from a catalytic cracking process and/or a thermal cracking process.

3. The process of claim | wherein the solid adsorbent is comprised of a
material which is prepared from an acidic catalyst by use in at least one of the
contacting stages.

30 4. The process of claim 1 wherein the -oiefin content of the feedstock is at
least equal on a molar basis to that of the sulfur-containing organic compounds.

5. The process of claim 1 wherein a solid phosphoric acid catalyst is used
as the acidic catalyst in at least one of the contacting stages.




phosphoric acid catal yst, and wherein the feedstock is cz:ym;niuggpbd@,% a

" hydrating agent in 10 an anount which exhibits a capability to enhance

performance of the catalyst. 9. The process of claim@8 wherein the

hydrati ng agent is at | east one nenber of the group consisting of al kanols
havi ng from about 2 to about 5 carbon atons. 10. The process of claim$8
wherei n t W@ owermmer atures in the subsequent 15 cont astuse3dsage are at

| east 15 C | ower than an average of the elevated tenperatures in the
initial contacting stage. 11. A proce%@ for the production of products
which are liquid at i ent opdi tigns._and have a reduced sul fur content
relative to the ﬁeed:f%cﬂ{?"eﬁﬁ/rﬂ cRimy | spgrein the, gleyaedtempergigesysed jodheg a

f eedst ock comjal @iaging stagexarain e rapge froymaboutad08 00 ® ahbut 835°iGacl udes ol ef i ns and
sul fur-cont ai ni ng or gﬁ{eﬂ c CO;EOE!?OIS’ t he feedstock cor}s(g]sti ng essentially
of material boili’ng bEEREXESMSIHM dovereiny by agigis atalystsoidhe sukseaventi ng a

sul fur cont eswntacting stage ia bauirised, of @ atprial Syhixb0s epated fperanntilic caayst ppssi ng t he

feedst ocks t hiseyg herirhednt@tiing Aabed aROHO BIRNdsordM & conpRiiatdr Qi t abl e 25
for adsorptio d/ or

W t hin e hed,. .to effect selegctive adsorption an
corpi ot no. ovbis s b fn Gt el e Fhg il bfiadie PABaROBIRT ai o ng
or gani ¢ conpwbaeenidoptctingageadsor bent, and t hereby obtain effluent fromthe
bed which contaigs |less of nitro - containing organic.c ounds than the
feedstook: in a PirstiEBRESPIGIS PRYE At FERE IR A BRFEF AT ER ont act i ng
t he feedst octhospBoriasicidicatalistail srherein the ddegsteck isnpenprised abia hydeting aghitéh ar e
ef fecti veQ t CenG:@dwiR fwhich extitids b Qipasifity td W@ harcOPdfothdnBSof iR caal§sdl f ur - cont ai ni ng
mat eri al of higher boiling point through al kylation by the ol efins,
t hereby formning 8n i rlihtipsdcegsrafchipim & whersinthd hydsatiog lagent dsesit leasbaneact i ng st age
and at tenpehdiber 65 malgrduf @sdsisdal & QWAL hiAd e abcdY 21@duPs chbéh €l evat ed

terrperaturestér&the initral contacting stage, contacting at |least a 35
portion of the 7 ni ti al product streamw th an acidic catal yst under

condi tions whi chi@re 138 plREd af Yelafh GO Wil D fedPdBuRCTA WheObstdRad 37

effectivg-to _convert a ti t impuriti t0 ul f ur - cont ai ni ng
oht ol Tor (REMAE b lekl: 00 lowfar fTRW el oF e bty Sl B

t her eby f or fhaigitial conipsisgsiasst product stream and fractionating the
subsequent product stream by distillation to provide at |east 5 one

| ow- boi | i ng fractl.on A prsiss far nig poduaticnudffpnedutte awhjch farealiquidom dndbienng a sul fur

content | eSgondidlAl aPRIE 2 2AubR Tl Rehnéht M1 ROIhE 18stddk aGhitOfro&e@NST sting of

ca sulfur-rich, fraction

comprises:

20 providing a feedstock comprising a mixture of hydrocarbons which includes
olefins and sulfur-containing organic compounds, the feedstock consisting essentially
of material boiling between about 60° C. and about 345° C. and having a sulfur content
up to about 4,000 or 5,000 parts per million;

passing the feedstock through a bed of solid adsorbent, under conditions suitable

25  for adsorption within the bed, to effect selective adsorption and/or complexing of at
least a portion of the contained nitrogen-containing organic compounds with the
adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-
containing organic compounds than the feedstock;

in a first contacting stage at elevated temperatures, éontacting the feedstock

30  with an acidic catalyst under conditions which are effective to convert a portion of the
‘impurities to a sulfur-containing material of higher boiling point through alkylation by
the olefins, thereby forming an initial product stream;

in a subsequent contacting stage and at temperatures at least 10° C lower than an
average of the elevated temperatures in the initial contacting stage, contacting at least a
35 ' portion of the initial produci stream with an acidic catalyst under conditions which are




~containing the balance of the sulfur. 12. The process of2acjaglapybbogherein

the solid adsorbent is conprised of a material which is prepared from an
acidic catalyst by use in at |east one of the 10 contacting stages. 13.
The process of claiml 1 wherein the olefin content of the feedstock is at
| east . equal on a nolar basis to that of the sul fur-containing organic
conpoundswoandzomwherein the acidic catal yst of the Pgheeruasi contacting
stage is conprised of a material which is prepared froman acidic catal yst
by use in the first contacting stage,3’and the 15 solid adsor bent i's

conprised of a material which | repar ed mthe. acidic cat st by use
in the firstfEgNE RPMYG aﬂ“ﬁ’@%%‘ﬁﬁﬁ'&ﬂug’t‘%é°§ﬂﬁ§féﬁqﬂ‘ﬁ’ﬁ’fm l)slt age. 14.
The process bofling peintrthibaghiiileylatiom by He otsifipy ahteedly fmm&uwp@sﬂwmcu n the
initial contggh: a,gi stage are in a range from about 100 C to about 235 C.
15. The process n the aci i.n at_ | east one of
the 20 cont actlﬁ%"%r{a?‘bgre}he S‘ébsequgnglpmd‘uc Yof3 g‘f&éﬁaé?“d cpa(t“"i 98 leaSIand wher ei n
t he feeddt o®re low-bodipafipqtige epngifting ohy s aﬂeﬁg fragiiem having aaviftaﬁwm leghi ch
exhibits a etaﬁaabbdtlsnypphp af b ApHdoilig fhaQloNRoSsetiad of Aeulfatiah, YiRkion16. The

process of el evated tenperatures used in the initial
contacting gt[g&gh r%‘s\?% (gbf{rhaensnﬁurfrom about 110 C to about 220 C, and

Y\herel n 25 Ithe t BIPeThd po@ss M&fwlnum whBRinIBD Sl Wesdtbe A t@APristiCor it agehl s at
east 30 C uPaYX?I n&,i;sa? lsagrepa%;eﬁqxﬁ%nozfadﬁchgmafr‘ysf\égtu%’ iof gﬁf&mﬁﬁ %hé” '” the

initial conta rocess o I"ar m erern eone
| ow boi 1'10ng C?’}‘%Eﬂ %%e%'uas a distil I ation end point and the hi gh boi | i ng

[fraction has an jni tipgl gpch%!ssloli'@HmpPl! »Uﬁerﬁr\’{ﬁ@ ofeﬁr%(*me%n%t% éidktg%ﬁ%hto“ end poi nt

and the initial 0|I 30 to about
220 C. 18. Tm# eﬂ%@e%’“{ﬁf basinfonthy Wrselﬁwcevfenwsgrga%icwmnqbr #tion has a
di still ati omwheeid teatidic cuhlye bf the subsigoam alnatting2k8e @corﬁqﬁxseha:waxrasenﬂOOG WO

03/012010 P%{ gso Ea?eg%m =§18aci'd9c éélﬁﬁﬁcﬁﬁ] Fhﬁ'iir& P&ta@ﬁ@%&%&'éﬁﬁ' l?ur product s

whi ch ar I en on ave uc cont ent
rel ati vé ﬁ'é‘d?o st ers?ﬂlﬂ? & frajsr d"é’é‘%“s ReERApiToBhe 36HdR 4 H’fﬁ‘d’ya f eedst ock
conpri si ng aserm st tirsecapfacimgdgearioothe subkrqudnt ¢amtktingesge.5 ol ef i ns and

sul fur-contai nin or ani ¢ conpounds, the feedstock consisting essentially

of material boilfng bR odiséip léd'heméwl%%fe"@&ewes usgdd™ HSvi ng a
sul fur cont émtal cunpzcmrxg saapoart in%, r&@e frpmirbeit PP Cro htlonidd35° C

15.  The process of claim 11 wherein the acidic catalyst in at least one of the

20 contacting stages is a solid phosphoric acid catalyst, and wherein the feedstock is

comprised of a hydrating agent in an amount which exhibits a capability to enbance
performance of the catalyst.

16.  The process of claim 11 wherein the elevated temperatures used in the

initial contacting stage are in a range from about 110° C to about 220° C, and wherein

25 the temperatures vsed in the subsequent contacting stage is at least 30° C lower than an
average of the elevated temperatures in the initial contacting stage.

17. The process of claim 8 wherein the one low-boiling fraction has a
distillation end point and the high-boiling fraction has an initial boiling point such that
the distillation end point and the initial boiling point are in the range from about 80° C
30 o about 220° C. '

18. The process of claim 8 wherein the high-boiling fraction has a
distillation end point which is below about 249° C.




_ passing the feedstock through a bed of solid adsorbent, apger, Etions
suitable for adsorption within the bed, to effect selective adsorption
and/ or conplexing of at 10 |least a portion of the contained

ni t rogen-contai ni ng organi ¢ conpounds with the adsorbent, and thereby
obtain effluent fromthe bed which contains | ess of nitrogen- containing
organi c cwopvunae than the feedstock; in a first comntcaskengest age at

el evat ed tenperatures, contacting the feedstock with an acidic catal yst
under conditions which are effective ¥o convert a portion of the 15
inpurities to a sul fyr-cont mat eri.al boilin p0|nt t hrough
al kyl ati on by tf? o *dIPE, 1o fa’f ﬂ’&rpg%K?“PBrorfnPF?&“Céﬁwwl’ﬁli‘ f"ieaﬂqu‘ﬂra(')ﬂﬁé’f: stream in a
subsequent contitipay inddhrave 'ag:éucaﬁdu'&lt contampestativeutoge feedstaskhsthichr@edsower t han an
aver age of thamBbevated tenperatures in the initial contacting stage,

contacting at gpag l?% O?e%ds{}&“ Cc}%)glgrlstingzﬁml 411[-: ak hgd’roc?}ﬁgﬁs »%llilghe E‘Pu}i‘ést h an aci dic

cat al yst _under portion of
t he i npufi t olsgng @déul&mcw#mlemﬁtgmwwowﬁém Eedsprek H?‘éﬁ@!fg esﬁéi'#‘b’ng poi nt
t hr ough al kyf @hterianbdilingttaavead Sbutt®° Ct 4ne aeday 3450 Cnind Gavingddaf@qomadt product

stream frag to%g&g@g)éap@ %m gguent pr oduct stream by distillation to
provi de at ast one W I n fracti I‘g{}? consi st | n%)l“of a sul fur-1ean,

nmono- arorratl c- rlpéfflnﬂt’}%i(f?‘?dﬁ?FkHI%fQ‘? § beksof solid pdgqrhent, undepppdifigns suitale - apout 50
ppm and a [Firgksokpioh withinfthe et tmeff;orssicatvr: rdsorpkiom andgar| complexing b, at

nDNO- ar QERt yeGgt | £38hibd amne%n@ﬁ.e& %@g&&ohﬁﬁ.nga&rmﬁec&ﬁpohm witl fdr; treating
t he hi gh- bm# ng%](‘ﬂn?% ﬁn & 3‘ g}z urc t P%?ro en at

hydr ogenat i 8% i Vo a’tnheé 5 w&” 8’?8@% mé%ﬂ al yst which
exhibit, a @W&lﬁﬂqwaﬂyC?’ep@nﬁah@éhetf?ﬂéstMOr poration of hydrogen into one or
nore of the sul fink 30 coMAKiAE BKagiat RYREY GmPENDRY RORacking WO ERAstserNdi tions

sui tabl e fOMPXﬂc‘i’&ce&?aﬁ)}sPd‘ner cogcﬂt?%ls %er‘&{e%foJuvé Q; oﬁ%nfa“p'onf’oﬂ %f gl ng organi c

conmpounds; and recoverin qﬁ P,Q(;h cont ent
| ess t hdA abenuptiesdo Mvr-mtalWﬁ?r@&e%@s & rtsmﬁgﬂ tmsouah a!i%ﬂ!pg aner ein the
hydr ogenat i maomﬁhsaihyiﬁtﬁyfomwg)arnum&ﬂpaaﬂudtaﬁeam one active netal, selected from

the oroup const i1 Bcifent DficlintSukd 4031 b AR ELETRAY B CRRD: SR POT at e

onto an inert su&pg% | | ndan a raloma g&g’]t to about 20
percent by HEFRY! B CIPAE FepPERUEa RS fual contacing sagey "02'(‘}"6%“ 37012010
PCT/ US02/ 179@uon &%heAditial Prgug stess sitteacasiditi aaglystomddr abwditio@s whie gen t he
hydr ogepgt | El’&c@@tt@l:mért a f&{m{ dﬁﬁﬁmﬁlﬂﬁxeﬂo a@fﬁﬁ-cﬂﬁhﬂﬂﬁ maRHAGE fidhdrr om t he
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stream;
fractionating the subsequent product stream by distillation to provide at least
one low-boiling fraction consisting of a sulfur-lean, mono-aromatic-rich fraction having
25  a sulfur content less than about 50 ppm, and a high-boiling fraction consisting of a
- sulfur-rich, mono-aromatic-lean fraction containing the balance of the sulfur;
treating the high-boiling fraction with a gaseous source of dihydrogen at
hydrogenation conditions in the presence of a hydrogenation catalyst which exhibits a
capability to enhance the incorporation of hydrogen into one or more of the sulfur-
30 containing organic compounds and under conditions suitable for hydrogenation of one
or more of the sulfur-containing organic compounds; and

recovering a high-boiling liquid having a sulfur content less than about 50 ppm.

20. The process according to claim 19 wherein the hydrogenation catalyst

comprises at least one active metal, selected from the group consisting of the d-

35 transition elements, each incorporated onto an inert support in an amount of from about
'_ 0.1 percent to about 20 percent by weight of the total catalyst.




5 feedstock is at |least equal on a nolar basis to that o

~ sul fur-containing organic conpounds, and wherein the so%?g%gjé%zr 0(S,Snt i's
conprised of a material which is prepared froman acidic catal yst by use
in at |east one of the contacting stages. 23. The process according to
claim19 wherein the acidic catal yst of the subsequent contacting stage is
conpri sedwgfospizetat eri al which is prepared from an amaiiuse21344 cat al yst by
use in the first contacting stagé, ang the solid adsorbent is conprised of
a material which is prepared fromthe™acidic catalyst by use in the first
contacting stage,, and.the subseguent contacting stage. 24. Th rocess
according to cl aizlm 19 GREFET P *engtt?égfn? i%w re’gﬁée %&“%‘Eﬁ ‘faf"ﬁ’é fraction
Wi th a gasedcQEPEssy Pi oMo majaly ssireied diaml thy group consising efmoblledickdl. 15

hydr ogenat i anolgbdérymb nmgsigar | Si ng ni ckel and one or nore netals sel ected
fromthe group consisting of, nolybdenum and tungsten, each incorporated
onto an inert supbor tThe iprpcesn agaarsingt toplaim r1§rwhgreiny the lefinpente rof theo about 20
per cent tsyb | vieddgr bk i@;at 1eag il oh o Miliradais to thadef the CEFPESHiif orSahict alb! e f ar
refinery I 0 0 [ t | ate liquid at
anbi ent conglglt% %ﬁgso “Séna*'“ E’g@i lﬁ‘%@é{ldsgas&ﬁeﬁi zsoﬁ%n%ﬁgeﬁgygé%gw@hgﬁm dbout 50 ppm
and i s for meEPRRd Homp apaciliceaplySidy v Rpisagieme ofhecAnEHg S@EPBeedst ock
conprising a mxiur e gl Ut QGBLAANS ik 1Y dilel AL Sl SRS I

sul fur-contai ning or anPc conpounds, e feedstoC conS|sF|ngvessent|aIIy
of material SHEFIUFHGOBAINEBIEE HFomPriss of amnateiiabvhipols prepygl fom @ywgidifavi ng a
“sul fur ciént emlyst B usepinttie fidxciohtading G@gep pil thp sutid iab@rieteis t@mdisddostle t hr ough a
bed of sol i dyARKIALRGN prepfRelEfiorty %Ql:ihfc%ﬁgﬁ gyh&bi'n%he (f.rﬁrcoﬁgéigg BhdeOn W thin

the bed, to ecL ect selective adsorption or conplexing of at |east a
portion of PHEMEIREAINER RFH"8SYEN- cont ai ni ng organi ¢ conpounds with the

adsor bent . and et ke gkl G SIS Ul NSDHENG: REAANLCR ORLRI 1S | ess of

ni trogen- Sg il:{,on ai ni nvg or gani ¢ conpounds edst oc ina first
contacti ng SPURR AGHoR|Bat BtFequs Fpra Pl fiRdrosen STRIOYS fgleashans B¥d¥t ock with
an aci dil® caydbgesation natalyst comphisinigonckelvmidaine ar enoef fmetals iselectddoframorieert a

portion of tR@p cdndiHg!ok,inotybliGua A8 luhMenCQR! ALRpdSted Gt ifkdn sBfpolti gher
ormng an

. boiling point_through. al kylatiqgn b the olefins, thereby, f

Phit b brodet Sagpga,fonsbah of bbbt 76 et P M e AR ot

t enper at ur e$2dyst] east 10 C | ower than an average of the el evated
tenperatures in the initial contacting stage, contacting at |east a 23
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stream wht hpRBuAGH I HCarEiRtfufdl &Y Shvidh? S5 6RMSHd hh ARSa WG nB OF less than
' about 50 ppm and is formed by a process which comprises:

. providing a feedstock -comprising a mixture of hydrocarbons which includes
olefins and sulfur-containing organic compounds, the feedstock consisting essentially
of material boiling between about 60° C. and about 345° C. and having a sulfur content

25 uptoabout 2,500 ppm; ' '

' passiﬁg the feedstock through a bed of solid adsorbent, under conditions suitable
for adsorption within the bed, to effect selective adsorption and/or complexing of at
least a portion of the contained nitrogen-containing organic compounds with the
adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-

30  containing organic compounds than the feedstock;
in a first contacting stage at elevated temperatures, contacting the feedstock
with an acidic catalyst under conditions which are effective to convert a portion of the
impurities to a sulfur-containing material of higher boiling point through alkylation by
the olefins, thereby forming an initial product stream;
35 in a subsequent contacting stage and at temperatures at least 10° C lower than an
average of the elevated temperatures in the initial contacting stage, contacting at least a




. effective to convert a portion of the inpurities to a supfuan beaani ng
mat eri al of higher boiling point through alkylation by the olefins,

thereby form ng a subsequent product stream and 5 fractionating the

subsequent product stream by distillation to provide at |east one

| ow-boiling fraction consisting of a sulfur-lean, fraction having a sul fur

content | WOHORMHAN about 50 ppm and a hi gh-boili ng FATASE¥1664 consi st i ng of

a sulfur-rich, fraction containing t;be bal ance of the sul fur. 10

portion of the initial product stream with an acidic catalyst under conditions which are
effective to convert a portion of the impurities to a sulfur-containing material of higher
boiling point through alkylation by the olefins, thereby forming a subsequent product
stream; and

5 fractionating the subsequent product stream by distillation to provide at least
one low-boiling fraction consisting of a sulfur-lean, fraction having a sulfur content less
than about 50 ppm, and a high-boiling fraction consisting of a sulfur-rich, fraction

conlaining the balance of the sulfur.
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