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20 While others, including Benz and Gottleib Wilhelm Daimler, invented and developed
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 improved spark-ignition engines for use in transportation has proceeded

25  hand-in-hand with improvements in gasoline fuel compositions. Modemn high
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

30  fuel and petrochemical feedstock. While compositions of natural petroleum or crude
oils are significantly varied, all crudes contain sulfur compounds and most contain
nitrogen compounds which may also contain oxygen, but oxygen content of most

crudes is low. Generally, sulfur concentration in crude is less than about 8 percent, with
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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
25  feedstock is converted to lower molecular weight products through contact with hot,
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 oils,
30  heavy gas oils, wide-cut gas oils, vacuum gas oils, kerosenes, decanted oils, residual
fractions, reduced crude oils and cycle oils which are derived from any of these as well
as fractions derived from shale oils, tar sands processing, and coal liquefaction.
Products from a fluidized catalytic cracking process are typically based on boiling point
and include light naphtha (boiling between about 10° C and about 221° C), heavy
35 naphtha (boiling between about 10° C and about 249° C), kerosene (boiling between
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hydrotreating catalysts, and a sulfur recovery plant for conversion of the resulting

25  hydrogen sulfide to elemental sulfur. In addition, the hydrotreating process can result in

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 components of gasoline. As. an

30  example, naphtha of a gasoline boiling range from a catalytic cracking process has a

relatively high octane number as a result of a large olefin content. Hydrotreating such a

material causes a reduction in the olefin content in addition to the desired

desulfurization, and the octane number of the hydrotreated product decreases as the
degree of desulfurization increases.
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25  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

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

30  obtain this low sulfur level only about 85 percent of the distillate feedstream is

recovered as a low sulfur distillate fuel product.

U.S. Patent No. 2,448,211, in the name of Philip D. Caesar, et al. states that
thiophene and its derivatives can be alkylated by reaction with olefinic hydrocarbons at
a temperature between about 140° and about 400° C in the presence of a catalyst such

35  as an activated natural clay or a synthetic adsorbent composite of silica and at least one
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25  sulfuric acid in which the volume ratio of sulfuric to phosphoric acid is less than about
4:1; and (3) a mixture of a phosphoric acid, such as ortho-phosphoric acid or
pyrophosphofic 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
30  phosphoric acid catalyst.

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,
by contacting the mercaptan-containing hydrocarbon feed having from 3 to 12 carbon
atoms per molecule and free of hydrogen sulfide, with a tertiary olefin of a select group,

35  in the presence of a catalyst comprising Group VI-B or Group VIII metals and a support

consisting of semi-crystalline aluminosilicates and amorphous silica-aluminas. The
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Trewella describes a process for removing thiophenic sulfur compounds from a cracked

25  naphtha by: (A) contacting the naphtha with an acid catalyst to alkylate the thiophenic
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

30 provide additional alkylating agent for the process.

More recently, U.S. Patent No. 6,024,865 in the name of Bruce D. Alexander,

George A. Huff, Vivek R. Pradhan, William J. Reagan and Roger H. Cayton disclosed a
product of reduced sulfur content which is produced from a feedstock which is
comprised of a mixture of hydrocarbons and includes sulfur-containing aromatic

35  compounds as unwanted impurities. The process involves separating the feedstock by



George A Huff, Vivek R Pradhan, WIlliamJ. Reagan and Roger H Cayton

di scl osed a product of reduced sulfur content which is produced froma

f eedst ockwaliBoe2ré conpri sed of a m xture of hydrocar bongcansor/nabudes

sul fur-containing aromati ¢ 35 conpounds as unwanted inpurities. The process
i nvol ves separati ng the feedstock by WO 3/012276 PCT/ US02/ 17154 7
fractional 2o nt ctiaon which contains.the

a 0
nore vol atlﬁj%&lorsl%ll ls” élgﬁtlgfonﬁr%ﬁwﬁf %ﬂ&ng frac ﬁrl lf%s?ogtr?&’satthellg%rgtv%%ge
hi gher boi Isuhﬁyr-f:mamnmgnalmnauh imponities asd tah@alsteeme highet bbdingufrdation caintkai ni ng

aromatic i tidd @8 lesg%hatflé i P&n&aﬁnlﬁlg%mﬁﬁpﬁﬁ@ﬁﬁey Sk ‘?ﬁt:g&jn {Qhen

reaction conditions are effective“to conver | east ortron of
its cont entSepfratly faltmec‘é%tcamcagn FopdEoNT Whighuatet gifestiye tajcgmegt Bbiqaﬁtnfg

sul fur- sconfcid BPitPEQHNRLST smfuahwblatdo%omtt&lr@hraiegyé atdhegb&aggtulkiy- t he
presence of an.acidic boi i '?‘E‘S | fur-cont a| ni n

er
product s ar‘?nfaéIHB%QH)dB9ts13}ya?é¥ﬁﬁ%% Wlt&laé‘ta{ﬁﬂlﬁ’ﬁgcﬁgen § PLFsERretf A dhat
al kyl ati on cadydne Bohihéghed boilings balfescontditing hﬁod)fcm/amrerhdmﬁ E)héracmdl tions
of al kyl ati on..ar.e_| Vv 0t 'itiI I i.n a 10
secondary s@%&g‘?&éﬁ g‘sﬁ a?%r %%‘g% ﬂ?%eahﬁg&etggfcag h’% ?H e aé tur e rn aﬁrﬂws? irst
stage as cnqbptotée@ombti@zmhﬁgﬁbylatim@rlasmeﬂenn ah@mtmid@k};latsmasg@e tharsin #at ent

No. 6, 399, 9&8011&% @ﬁ&ﬂaé@ Qlflrogéh'(iﬁe IQse i %?d%%% ternPERRGE i thEUiGe sta%é yek R

Pradhan, WIlIliam’J agan and Roger H. C ayton disclosed A produc
reduced sul JRAPSEJARLHSH eFéenﬁﬂeé‘HH’@éH 2isReondaRy|Stashl e st age process from a
feedstock which is 15 conprised of a m xture of hydrocarbons and i ncl udes

sul fur-contai ni Ng.SaPaRt N6. 6,0891PERICihe Aagme pMBni@dD] AlettbnddrSGeorgdha. Huffst
stage invol ek lé ]lgra(?]alﬁj %\9’51 rI?Jt ﬁ%%gz{neencciisﬁ etrheOCﬁl#;o\(ll (i’i%(!:lgs%d ndl(} g

which are efFective Conver i'on o uri
boi | i ng suleduced gniferiooniegt prqum-:é 1n g molply stegppirogess dirpnn héeade@glt whmg is

productig bYCofrﬁp'i‘EEd Qral rﬂix%ﬂx’el Jﬂa Pr%chﬂ%f?s Andi qwghdbsoishlifﬁ&gcénm&h' Oé}o%g@c a

hi gher boiling 20 fraction. ower raction is co i se
hydr ocar borfOIERYngss abflmWéaﬁséelanplgmef ur Tho rﬁw nttagee IOI¥ge: t 6Lt wﬁcsaaé%ck

The hi gher faedstdcRotof ﬁlﬁy‘lfah@rlﬂ dodgieaprwised aef effbtblieOGAtHORS arﬁbrﬁ&nfoﬂltﬂé
unconverted_sul

t
boi 11mg. sul PULEESEar MR HPR S B Roaimr b tant 2 S5atink O Aultes,
subj ect i ng prhédudd ghdrachondl idigilfatiastinena flowen bdikng frecead agd st bighert iling

al kyl abjgon ff&'f‘ight '"191@51 @er Whiink f4BioR il €6t M?edt& Y&horRlani §8SF &

g h gdbgg t|on
of its content of ur cont ai ni ng aro t1 ¢ compounds to gher

sul f ur - cont3ifHy ﬁ@mﬁrﬁd@l@@f@ to ghei ff(eﬁ)‘t°§lép§rhétl11ﬁ§rtbrﬁ)éhngr Bragtian womp@@%pg by
fractional I@Jdﬁéchfﬂoﬂi b crithias @nb@mﬂe@@mlfdr%n B Oﬂiﬁﬁfn@@fé infpasitiePmd asd a

naher b0l 0, ERGLASR, M, D CRNL Al B2 L ST TS
cont ent fr crwbjeh@éngtheo héger bsilid@ feamipn |fmdtmfpr¢dedldgmn@e tbailltyilagnf doaditionn s

from vagi ougySh Aderre AR B Ldnveit &t @B&da bgﬁ%ton of its content of sulfur-containing
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resulting products by fractional distillation 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

30  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

use of a lower temperature in the first stage a opposed to a higher temperature in a

secondary stage.

35 There is, therefore, a present need for catalytic processes to prepare products of
reduced sulfur content from a feedstock wherein the feedstock is comprised of limited
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20 SUMMARY OF THE INVENTION

Economical processes are disclosed for the production of components for
refinery blending of transportation fuels by integrated, multiple stage, selective, sulfur
removal through alkylation by olefins. This invention contemplates the treatment of
various type hydrocarbon materials, especially hydrocarbon oils of petroleum origin

25  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. Processes of the invention are
particularly suitable for treatment of a refinery feedstream .comprised of gasoline,
kerosene, light naphtha, heavy naphtha, and light cycle oil, and preferably a naphtha
from catalytic and/or thermal cracking processes.

30 Multiple stage sulfur removal processes of the invention involve the use of an
initial alkylation zone and at least one subsequent alkylation zone which is operated at
less severe conditions than the initial alkylation zone. Beneficially, the products formed

contain organic sulfur compounds of higher molecular weight than corresponding
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of thegni tﬂaﬁL per million, (b) in an initial 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, (c) in a subsequent
contacting stage and at temperatures at least 10° C lower than an average of the elevated
30  temperatures in the initial contacting stage, contacting at least a portion of the initial
product stream with an acidic catalyst under conditions which are effective to convel:t 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 (d)
fractionating the subsequent product stream by distillation to provide (i) at least one
35  low-boiling fraction consisting of a sulfur-lean fraction having a sulfur content less than
about 50 ppm, and (ii) a high-boiling fraction consisting of a sulfur-rich, fraction

containing the balance of the sulfur. In preferred embodiments of invention the
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conpounds. According to the invention, the acidic catalyst of initial

contacting stageBén%fl&la@y f815 %&@Esegrofdehéfﬁo&monfﬂh@%&&s@éckofs &J}ﬁ?x@é&ﬁs Gayent
lid ph 1s used

cont aCEQng stacgi eousl oli osphoric acid ca

et he2Roi divedapaRpe, whigias d §Ra°BO VDB R HOeTHEOT S lgelnpurites
from a naphtha produced by a catalync cracking process. Preferably, the olefin content
of the feedstock is at least equal on a molar basis to that of the sulfur-containing organic

compounds.

According to the invention, the acidic catalyst of initial contacting stage is the

25  same or different from that of the subsequent contacting stage. Advantageously a solid

phosphoric acid catalyst is used as the acidic catalyst in at least one of the contacting
stages.

Beneficially the temperatures used in the subsequent confacting stage are at least

5° C lower than an average of the elevated temperatures in the initial contacting stage.

30  The temperature 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,

more preferably in a range from about negative 15° C to about negative 75° C. Where a

solid phosphoric acid catalyst is used as the acidic catalyst in at least one of the

contacting stages, the temperatures used in the subsequent contacting stage is preferably



Beneficially the tenperatures used in the subsequent contacting stage are
at least 5 C lower than an average of the elevated tenperatures in the
initial cwotaoiizng stage. 30 The tenperature differentialPChaiSosenss he
initial alkylation stage and the subsequgnt stage preferably is in a range
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poi nt and E;Qei \IerlilDt taﬂ4 enllng point are in the range fromabout 80 C to
about 220 C°PW ye r?ot aspect, this invention provides a process for
the production of products which are liquid at anbient conditions and have
a reduced sul furlncamtbert aspees} shis vevangion eoYided snodew-brHinghfrptivoelaying a
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In yet another aspect, this invention provides a process for the production of
products which are liquid at ambient conditions and have a reduced sulfur content
relative to the feedstock, which process comprises; (a) providing a feedstock

25  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, (b) in an initial contacting stage at elevated temperatures, contacting
the feedstock with an acidic catalyst under conditions which are effective to convert a

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

35  portion of the impurities to a sulfur-containing material of higher boiling point through
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format | east hydrogen sulfr de, and a cat al yst support conponent. The
Useful catalyst for the hydrotreating comprise a component capable to

25 enhance the 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
present invention, preferably have a pore diameter ranging from about 50 to about

30 200 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 distillate preferably employs at least one bed of
hydrogenation catalyst comprising cobalt and one or more metals selected from the

35  group consisting of nickel, molybdenum and tungsten, each incorporated onto an inert



catal yst support conponent typically conprises a refractory inorganic oxide
such as silica, alumna, or silica-alumna. Refractory inorganic oxides,
sui t abl e Worossr76 n the present invention, preferably hareTaSpvrasdi anet er
rangi ng from about 50 to about 30 200 Angstroms, and nore preferably from
about 80 to about 150 Angstronms for best results. Advantageously, the

catal yst support .c Q rj I [ I h as
o um ooy et AEETRERER o BORYRAZ 0D HRGTR) Bpdin S0IREAAEKS BURTITHE

| east one Bbetl odtalybtydr ogenati on catal yst conprising cobalt and one or nore
metal s selected fromthe 35 group_consisting of nickel, nolybdenum and
tungsten, each |Gewrginefede dnglybaiting feaqtionWitisaogaseons ssargeugodinydrogan 13
support i n RefeaHEhpiels Aot aRobd &by dRREERIdh ch@lBPEHpridndEtkanhd be
wei ght of the total, c tal% t. C%ntactln .o.fﬁ%?e hfg&-bmllcp LractlgtP W th
a gaseots sBUPEE IB?ta]diS%ﬁEFF 3‘@??” rEPER SPTSIEE oYL YETeNUI, 81C BieSEL 2

hydr ogenat iigtorpatasddysito aw ifert sippart fin @k @emoandofoftem dbowr 0.Mpeeenetoadbeous2d ect ed

fromthe grou nsi_s enum and tungsten, each incorporated
onto an iné’retrgesnﬁg b”f:fgtllltﬁig[gér)ltdé%%gﬁﬁgf from-about 0.1 percent to about 20

percent by weight of the total catalyst. This invention is particularly
useful towards sThifuinventianaiisi merisnbalyi ciselpbnisoipadss SUHUE-RRNtRINEt r&RNic

f eedst ock Wuh%ld’fﬂﬁﬁxﬂﬁgﬂ%&ﬁt&ﬁ WHIEIE hclli8s Sbtnpstinds kiR vaHiSiMHeSsulfur

sterically hindered, as for example in lti-ring-aromatic sul fur
corrpouﬁgs. aF%i’ééquS??ﬁX Rindeg fﬁsrn?‘ffoeﬁ‘tag} anb’ﬁt{jﬁﬁg @%?ﬂfoﬂﬂ’g’% ORPEHRES- at

| east sul fiTgscallyhether ealfiarmhiainiag! bigdar, c@nbondscdnglodandst dedsectdfidés; om

t he group consisting of..substituted negot Nl d di ophenes.
Hyar Sgenat BRSPS bR DL BB MRl T bl BRgMILBR N2
Pref erred aubstityttddgaznshiophencnand gibenzotioophened.ng at | east two netal s

sel ected fromthe group consisting of cobalt, nickel, nolybdenum and

tungsten. More paeigaflive ERalysEt BkSefiflyC alan andcombiRESNUET Ohenickel
y
and nol ybdenum Advant ageously, tB,e hydr,ogena i on catal YSt conpri se
‘Png CHEOPIS 518

at
| east thwo ddefepied fss Aydoewat fang At trag wogga So%?ﬂe&éeds{&%&ﬁ%,
such as al uFfbod coisi@tthgadfotubhlt Ohickélp mapmichufl. dhdpmngedt. NMoraloeferablf) 20
percent by wei ght of

i the taotal .catalyst np t.andi ng
or “the oy SEERR s okt Bt HeBingBhE ot ekt Ghe FulPisEnEARAIROEAS BPTL R0
i |1 ustr at edhyidnoggnatadreeatalist aiomprises Meleas doopstiye mptalsl reagh ngcompmaatgé 9aid Hed

bel ow by way.gf oﬁﬁé@msﬁﬁ, olcht fieath AURNh Ahmdm: BREER MeafBliRE:(N: t6atdiE
DRAW NG The_dr aw n% i schematjc fl ow diagram depicting a preferred

a
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For a more complete understanding of the present invention. reference should
now be made to the embodiments illustrated in greater detail in the accompanying

drawing and described below by way of examples of the invention.

25 BRIEF DESCRIPTION OF THE DRAWING

The drawing is a schematic flow diagram depicting a preferred aspect of the
preéent invention for continuous production of components for blending of
transportation fuels which are liquid at ambient conditions. Elements of the invention
in this schematic flow diagram include pretreating a light naphtha to remove basic

30 nitrogen containing compounds, alkylating the treated naphtha in a series of two
alkylation reactors at successively less severe conditions, and fractionating the alkylate
to provide a low-boiling blending component consisting of a sulfur-lean fraction, and a
high-boiling, sulfur-rich fraction. This high-boiling fraction is further treated by a



present invention for continuous production of conponents for blending of
transportation fuels which are liquid at anbient conditions. Elenents of
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5 ppmto apbout 900 ppm 25 Suitable 'refinery streans gener:¢ ave an API
gravity rakfi RFOBFbAHE N thacrudppilithe hydqgetation Ampacity obpaelaisryperhsrehbout
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the catalytic cycle oils. These distillate feedstocks can have total nitrogen.
concentrations ranging as high as 2000 ppm, but generally range from about 5 ppm to

about 900 ppm.

25 Suitable refinery streams generally have an API gravity ranging from about 10°
API to about 100° API, preferably 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
naphtha, light virgin naphtha, hydrocracker naphtha, hydrotreating process naphthas,

30 iéomerate, and catalytic reformate, and combinations thereof. Catalytic reformate and
catalytic cracking process naphthas can often be split into narrower boiling range
streams such as light and heavy catalytic naphthas and light and heavy catalytic
reformate, which can be specifically customized for use as a feedstock in accordance
with the present invention. The preferred streams are light naphtha, catalytic cracking

35 naphthas including light and heavy catalytic cracking unit naphtha, catalytic reformate



i nclude, but are not limted to, fluid catalytic process naphtha, fluid-or
del ayed process naphtha, |ight virgin naphtha, hydrocracker naphtha,
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sulfur—contammo 1mpur1t1es to alkylation products without a significant conversion of

25  olefinic alkylating agent to polymeric co-products. Such a loss of olefins can be very
undesirable as, for example, when an olefinic naphtha of gasoline boiling range is to be
desulfurized and the resulting product 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
and in the gasoline boiling range, can be converted to high-boiling polymeric by-

30  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
such feedstock are comprised of a mixture of hydrocarbons, but contain a minor amount

35 of sulfur-containing organic impurities including aromatic impurities such as
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derived gas oil can contain up to about 60 percent by weight of olefins and up to about
25 0.5 percent by weight of sulfur wherein most of the sulfur will be in the form of
thiophenic and benzothiophenic compounds. A preferred feedstock for use in the
practice of this invention will be comprised of catalytic cracking products and will be
additionally comprised of at least 1 weight percent of olefins. A highly preferred
feedstock will be comprised of catalytic cracking products and will be additionally
30 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
will contain both thiophenic and benzothiophenic compounds as impurities. If desired,

35  at least about 50% or even more of these sulfur-containing aromatic compounds can be
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fluorosulfonic acid, trifluoro-methanesulfonic acid, and dihydroxyfluoroboric acid) and
25  Lewis acids (examples include BF3, BCl3, AlCl3, AlBr3, FeCl,, FeCls, ZnCl,, SbFs,

SbCls and combinations of AlCl; and HCI) which are supported on solids such as

silica, alumina, silica-aluminas, zirconium oxide or clays.

Supported catalysts are typically prepared by combining the desired liquid acid

with the desired support and drying. Supported catalysts which are prepared by

30  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

solid phosphoric acid catalysts by combining a zirconium compound selected from the

35  group consisting of zirconium oxide and the halides of zirconium with an acid selected
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consequence of coking and in addition, the catalyst will not possess a good physical
25  integrity. Further hydration of the catalyst serves to reduce its acidity and reduces its

tendency toward rapid deactivation through coke formation. However, excessive

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

of hydration for a solid phosphoric acid catalyst, and this level of hydration will be a
30  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
the group consisting of water and alkanols having from about 2 to about 5 carbon

35 atoms. An amount of hydrating agent which provides a water concentration in the
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As stated previously, feedstocks used in the practice of this invention will likely

25  contain nitrogen-containing organic compounds as impurities in addition to the sulfur-
containing organic impurities. Many of the typical nitrogen-containing impurities are
organic bases and, in some instances, can cause deactivation of the acidic catalyst or
catalysts of the subject invention. Such deactivation can be prevented by removal of the

basic nitrogen-containing impurities before they can contact the acidic catalyst. These

30  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-

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

Suitable methods which remove the basic nitrogen-containing impurities,
35  typically involve treatment with an acidic material. Such methods include procedures
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step of the subsequent stage. Irrespective of the specific alkylation step “of the
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preferably in excess of 85° C, and more preferably in excess of 100° C. The contacting

“will generally be carried out at a temperature in the range from about 50° C to about

30  260° C, preferably from about 85° C to about 220° C, and more preferably from about
100° C to 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
concentration of alkylating agent or agents, and the nature of the sulfur-containing

aromatic impurities that are to be removed.

35 This invention is an integrated, multiple stage process for concentrating the
sulfur-containing aromatic impurities of a hydrocarbon feedstock into a relatively small
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The hydrogen stream can be pure hydrogen or can be in admixture with diluents

such as hydrocarbon, carbon monoxide, carbon dioxide, nitrogen, water,‘ sulfur

25  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.

Hydrogen can be supplied from a hydrogen plant, a catalytic reforming facility or other
hydrogen producing process.

30 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 catalyst beds in a single fixed bed reactor can also comprise the
same or different catalysts.
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and/or assist by oxidation removal of sulfur or nitrogen from_ the liquid products.

Liquid products are then generally conveyed to blending facilities for production of
25  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

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

30 The hydrogenation process typically operates at reaction zone pressures ranging
from 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.
Hydrogen circulation rates generally range from about 500 SCF/Bbl to about 20,000
SCEF/BbI, preferably from about 2,000 SCEF/Bbl to about 15,000 SCF/Bbl, and most
35  preferably from about 3,000 to about 13,000 SCF/Bbl for best results. Reaction
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sel ect ed f Goonpt W&l metal is typically present in an amount ranging from about 2 percent to
about 20 percent, preferably from about 4 percent to about 12 percent based upon the

total weight of catalyst. The Group VI metal will typically be present in an amount

25  ranging from 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

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

30  include inorganic refractory materials, e.g., alumina, silica, silicon carbide, amorphous
and crystalconduit silica-aluminas, silica magnesias, alumina-magnesias, boria, titania,
zirconia and mixtures and co-gels thereof. Preferred support materials for the catalysts
include alumina, amorphous silica-alumina, and the crystalconduit silica-aluminas,
particularly those materials classified as clays or zeolites. The most preferred

35  crystalconduit silica-aluminas are controlled acidity zeolites which are modified by their
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containing a deactivating quantity of carbonaceous material or coke, is then transferred
25  to a separation zone. Hydrocarbon vapors are separated from spent cracking catalyst in
the separation zone and are conveyed to a fractionator for the separation of these
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.

30 During the catalytic cracking of hydrocarbons, non-volatile carbonaceous
material or coke is unavoidably deposited on the catalyst. As carbonaceous material
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

35  removal of most of the coke from it. This is carried out by burning the carbonaceous
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process can contain fromabout 072 to about 6.0 weight percent of sulfur
in the formof organic 15 sul fur conpounds. Suitable feedstocks include
but are not limted to sulfur-containing petroleumfractions such as |ight
gas oils, heavy gas oils, wi de-cut gas oils, vacuumgas oils, naphthas,
decanted oils, resi diESARIATIONQF EHE RREFERREDEMBODIBENT®M any of these

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

25  which contains hydrocarbon compounds, sulfur-containing organic compounds, and

nitrogen-containing organic compounds as impurities is catalytically cracked in a

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

30  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,

such as paraffins, olefins, naphthenes, aromatics, and the impurities (sulfur-containing

organic compounds and nitrogen-containing organic compounds). Advantageously, the



as well as sulfur-containing hydrocarbon fractions derived fromsynthetic
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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
25  reactor, the contacting is carried out at temperatures in a range from about 90° 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-

30 selected amount of at least 5° C. The temperature 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, more preferably in a range from about negative 15° C to

about negative 75° C.
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reactor 70, is withdrawn from distillation column 80 through conduit 82. If desired, this

25  high boiling material can be withdrawn for subsequent use or disposal. In preferred
embodiments of the invention, this high boiling material is conveyed to a hydrotreating
unit 90 through conduit 82 for removal of at least a portion of its sulfur content.

A gaseous mixture containing dihydrogen (molecular hydrogen) is supplied to a

catalytic reactor of the hydrotreating unit 90 from storage or a refinery source. 92

30  through conduit 94. Typically, the catalytic hydrotreating reactor contains one or more
fixed bed of the same or different catalyst which have a hydrogenation-promoting
‘action for desulfurization of the high boiling material. The reactor may be operated in

up-flow, down-flow, or counter-current flow of the liquid and gases through the bed.

The extent of hydrogenation is dependent upon several factors which include
35  selection of catalyst and conditions of reaction, and also the precise nature of the sulfur-
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contai ning a m nor anount JdXAMPLES @F T8H INVENTION

The following Examples will serve to illustrate certain specific embodiments

of the herein disclosed invention. These Examples should not, however, be

25  construed as limiting the scope of the novel invention as there are many variations

which may be made thereon without departing from the spirit of the disclosed
invention, as those of skill in the art will recognize.

GENERAL

The pilot-scale unit included two identical fixed-bed reactors which were

30  operated in a serial down-flow mode with inter-reactor cooling of the process stream.
Each reactor was charged with 300 mL of catalyst. The process stream flowed into the

first reactor of the two reactor unit through a feed weigh tube, precision metering pump
(Zenith), high pressure feed pump (Whitey), and an external preheater. Each reactor
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parts per mllion. Except were stated otherw se yst used for the

exanpl es was a %xcept were stated otherwise, the catalyst used for the examples was a solid
phosphoric acid catalyst (C84-5-01 supplied by Sud Chemie, Inc., Louisville, Kentucky,
USA) which was crushed to a Tyler screen mesh size of -12 +20 (USA Standard
Testing Sieve by W. S. Tyler).

25 Unless otherwise indicated, percentages and parts per million (ppm) are on the
bases of an appropriate weight.

EXAMPLE 1

In this example of the invention the two reactors were charged with the solid

phosphoric acid catalyst having particle sizes Tyler screen mesh -12 +20, and operated

30 at a liquid hourly space velocity of 1.5 hr'l. Reactor one was maintained at a
temperature of about 172° C, and reactor two at a ten;perature of about 122° C, i.e., a
temperature differential between the serial reactors of negative 50° C. Analysis of the

process stream is shown in Table I. The reduction in the total of 2-methyl and 3-methyl
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all sulfur conpounds boiling at tenperatures below 110 C was from about
184 ppm to aboutIn3his gyampla as énlBstmpla lofthe &v@feabiopeweenthareEOMRARAT IsVEd
EXAMPLE |'n gh dﬁﬂo@ﬁé%ﬂi Eatal9st Ha@ggﬁfgﬁg:llﬁes&es FI(»;KI,]& §C\Pé%nr aht 95 %-ZWegﬁadrg he%tgc? d

with the soli posp oric acl Icl é size Screen
mesh - 12 +262 ligyy! Boensrage valocisy pf héuhd hblspweyerspm@r@ee o@b uynmifnnid Ettur 1.

Howeverp r eaepeaiedef w@tm@untalaﬂ&@kaaﬁor awéLQt h&@iﬂﬁéﬁ&% 8t Qfouﬁw c%?el aC
nperature

and reactor r'%lwo at ﬁf% grpgaiﬁt ure gl}f abogt

di f f er ent i ATTBEFRERHHH Fyech 8cicsp re@Ftofﬁ)gf P‘?S\‘/‘é"eﬂl CC Aﬂﬁh/lsgﬁsqféh%f t he
process st meegess stredmovie showil dblTabld. L THEhe eductdmim ihe tbhe olfthalathgf ar?d ret hyl
and 3- et r 254 about 5.4

reducti on g%!th%l mgl?& Wx\gfrg{éln%%éggwgg?laﬁo Bﬁ%%@mp%rﬁeﬁggctﬁg&] @H’H&ed
from about i’ﬁSP?fS%ﬁtt oT%Fthml o L2 thidhepgsny anredaded: froonateiut AR ppmb6H. dbout
percentis Thg.16 gﬁﬂﬁt 4 @&uction Be al§(91tt &b S%eréénlt Sflﬂllefljé&ucn% %]%%l gg'ah sﬂg‘uflt

tenperatures b ﬁCwas romalﬁout mtoa

reducti on &PMERE atb%‘ P& 8B [NREERtEs eOIWnll(he c‘@?ﬁpﬁ?@t?@ét é&”aﬁﬁlnetotftb@ut evel
of all sul 2052qpmpeusdsctioaidfiony abbut 388pataitur es bel ow 110 C was,
inportantly, 3.58 tines greater than in Exanple 1 of 20 the i nvention. For

the purposes of it hg.p n d ant i s defi 3 as pore
than about fifty pe?cée(ﬁﬁﬁé}atg}e gfﬂﬁrﬁl LBC§S8§”£ Ja}f %Or%o(‘:‘ﬂ?srlrh‘? Rg eh
suf fi ci ent temperatures below 110° C was, 1mportantly, 3.58 tlmes greater than in Example 1 of

20  the invention.

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

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

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



frequency or being present in such proportions as to neasurably affect
macr oscopi ¢ properties of an associ ated conpound or system Were the
frequencyworodprporti on for 25 such inpact is not clear, argtSamiiiadly is
to be regarded as about twenty per cent fr nore. The term "a feedstock
consisting essentially of" is defined as "at | east 95 percent of the
feedst ock by volune. The term' essentg&?i&kﬁree of' is defined as

absol utely except that small variati ch have no nore than a
negligible effect on macroscopic qualities and final outcome are

PCT/ US03/ 17150 R RAGERY,

DT USogs 17 EaAgY Sk UR T ﬁ%gfﬁvg@ STREANDF Pyper
REACTORS UNDER A TEWBM@ER)& BEFRERERENIIAGFORDEGAVEVBOOCT. 5 Reactor One
React or 5Two Product, Sul fur Conpound Feed, ppm Feed, ppm ppm feed 53.0 16
15 10 methyl nercaptan 0.97 0 O ethyl nmercaptan 29.4 0.30 0.28 n-propyl

mercaptan 0 0.37 0.20 i sopropyl ner@aghaﬂoﬁe39 11&$9Qw&&@ n betoduct,

mer capt an 5 2-net hyl, opanet hi ol 1.48

2- net hyl , 2%6}%88%%‘13?’%“ 1.23 0.18 0. ?’Ef A rcaﬁ?%‘hpémo 41 0. BB pet hyl
sul fi de O. hyl et hyl
sul fide 2. 3b&108 0. 9 tetrahydrathiophgg© 28.3 12.9 9612 t hi ophene 117.6
1.7 1 1? 58 5.8 3.1 25 C2-T 124,97 38.17 28.83 S < 1100 C. 184.06
7.58 5.'73 TP%YC%PtP%t al of 2-methyl i ophenes and03- net hyl t hidophenes.

C2-T is aigmyunéﬁqﬁalthlophenes 30 Sp54110 C. is apsgtal of ally syl fur
conpounds boiling at tenperatures below 110 C

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,1-propanethiol 148 0.12 0
2-methyl,2-propanethiol 1.23 0.18 0.12
amyl mercaptan 0 0.41 0.13
methyl sulfide 0.85 - 0.43 0.41
carbon disulfide 0.23 0.38 018
20  ethyl methyl sulfide 2.3 1.08 0.9
tetrahydrathiophene 28.3 12.9 9.12
thiophene 117.6 1.7 1
CIl-T 253.58 5.8 3.1
25 C2-T | 12497 38.17 28.83
S<110°C. 184.06 7.58 5.73 -

CI-T is a total of 2-methyl thiophenes and 3-methyl thiophenes.
C2-T is a total of C2 thiophenes.

30 S <110°C.is atotal of all sulfur compounds boiling at temperatures below 110° C.



WO 03/ 012276 PCT/US02/ 17154 32 TABLE Il ANALYSI S OF THE PROCESS STREAM FOR
SERI AL REACTORS UNDER A 5 TEMPERATURE DI FFERENTI AL OF POSI TI VE 51 C.
React or Gwe oResx2v©r Two Product, Sul fur Conmpound Feed, ppeTRsSez171ppm ppm
10 feed 53.0 9 24 nethyl nercaptan 0.97 0 ethyl mercaptan 29.4 0.21 1.25
n- propyl nercaptan O 0.26 1.19 isopropyl nercaptan 7.39 0.46 2.20 15
n-butyl mercaptan 0 2.03 4.11 2-nethyl, | -propanethiol 1.48 0.11 0.20
2-met hyl , 2- propanethiol 1.23 0.18 0.41 anyl nercaptan 0 0.14 0.27 et hyl
sul fide 0.85 0.51 0.62 20 carbon di suTABd& O. 23 0.24 0.33 ethyl nethyl
sulfide 2.3 1.22 1.48 tetrahydrathi ophene 28.3 21.2 10.39 thiophene 117.6
12.8 2.38 25A§g&g 2%3.58 28.23 5.42 (C2-T.124.97 60.31 43.16 S < 110 C.
184. 06 16. 21 SWAEXSITOE THEPROGCEISSTREAM FORGERIA: BEAGERR S RNDRERwA hy |

t hi opheres. 30 C2-T i SEMHERATURE [RFERESINADNESF POSTTA®DsC.cis a total of
all sul fur conpounds boiling at tenperatures below 110 C. WD 03/012276

PCT/ US02/ 17154 33 That which is clainmed is: 1. A process for the
production of products which are liq '&mggcggbient qﬁndftions nd contain
organi c sul fur conpounds of higher noMESHt & wei ghReIFEN S or r dSpBHHi ng
sul f ur - cont adlfirdepmrawsdunds in the feBest ppl, whi cHFepdoepess conpmppses: 5
providing afeedstock conprising a mxture of hydrocarbons which includes
ol efi nsy ndkgylfur-containing organic gﬁﬁpounds, theS;eedstock copsi sting

essentially “of material boiling betwe about 60 C. “and about 34%"C. and
havi ng a sumnéty] menkpah 0.97 0 0
ethyl mercaptan 294 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 0.41
amyl mercaptan 0 0.14 0.27
methyl 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 117.6 12.8 2.38
25 CI-T 253.58 28.23 5.42
C2-T | 124.97 60.31 43.16
S<110°C. 184.06 16.21 20.52

C1-T is a total of 2-methyl thiophenes and 3-methyl thiophenes.
30  C2-T is atotal of C2 thiophenes.

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



up to about 5,000 parts per mllion; in an initial contacting stage at

el evated tenperatures, contacting the feedstock 10 with an acidic catalyst
under comaptBom7éhi ch are effective to convert a porti onPofi/ushe17154
inmpurities to a sulfur-containing materi g% of hi gher nol ecul ar wei ght

t hrough al kylation by the olefins, thereby formng an initial product
stream and in a subsequent contacting stage and at tenperatures at |east

10 C | ower A of the elevated tenperatures in the initial
contacti ng tsrpagghl@ﬁllsa%{ E]?eglﬁg at 15 least a portion of the initial product

streamw th an acidic catal yst under conditions which are effective to
convert a portioh of #herqcspufdrtthe radgction of puedustsnwhichi ang liquideati ahbientf

hi gher nmol e%ﬁcﬁmorvgeamkoﬁﬂaﬁpu@an@l Mﬂuatcbﬁibom{dé ke f@é}%@'rﬂélecﬁi}e{v@gﬁt M Ng

a subsequent rod ream . process of claim 1 wherein
f eedst ock i 80 ‘B%ﬁ‘%%ﬂr C&“F?&BH% ﬁ%mpoé’@‘d? f*rb‘ili*\eie%jéfoﬁky‘t’hléh ProseRicREIDBisec es s .

3. The m‘;} ocess oprdyhchngnalfeﬂhﬁbcﬂd Borhﬂjlﬁsrl]ﬁ@@dﬁﬁ)@@ﬂé bﬁhﬁd&ﬂ@ﬁbcﬁﬁ%ﬁ%hdn&@&%ﬁ ha
froma ther rocess. 4. .The proce m erein t

f eedst ock | é@lgg? fgcl?lsélelg ?On TIENE A &HC Fup ?WS\A}% {‘? ‘?Séo"]gr“é‘ﬂé‘?térbg B%?e‘i“éaRWw ng
basic nitr ogfamatmﬁl boilihg fetwepu abait 68° Cr amd @bou 34 5P harhishavirydieéfiir byntent

cracki ng pr@sgss 550&3 2R &qﬁ@&f claim1l wherein the olefin content of
t he feedsto% |soé11t ?st ual oh a nolar basis to that of the

sul fur - cont ai ni n§* #t BHH?ICCO@&?B% fage atelevaied ismmeeurepfcopiagiing thevthedseick t he

el evatetDt ewnﬁraatanticﬁé c&t&@@t iiiter EMIUGI‘@'V{’HH@II afeOTtREVE ﬂgcé:ﬁvéﬂ% ﬁrﬁoﬂ Bf fhel @NQE
f rom about 100 rocess of cla wherein the

aci di ¢ cat al"\&8Y! ?(f ﬁﬁ‘f‘ﬁg‘&rcoé‘&ﬂ?la%m%lal QF%BCI @OJGF?I%W%‘ISW tleOé‘ﬁbtaH%’ﬂat’é’P t he
subsequent b)oﬂut&@:lftﬁmgthste@géomﬁng dnmite peelist afeacd;ahdn 1 wherein the acidic

catalyst in at | ' S S oric
acid %:lat a: yst, aﬁl? |e% %Ingﬁ‘t ggpﬁg %&h% tfsfé?%%}l fﬁ% b@r%@ﬁ B4 34
conprised of éVEH%Fr af Fh?gelﬁtj%?d t¢rppestug o rihe whitishcenténtiigt staga, capabmla ity to
enhancets pelemrmpm@nqif thBanfial @Mﬂ%&t sn%amT%hpérPE&ﬁé Qa1 %H@:ﬁca}{f(&%@k“ t he

hydrating a h S one g group consistin anol s
having f ron’ig glﬁ gfe ‘??‘?C&V%%ﬁ?nv@“@aq%‘ﬁ‘ o EEIBH%““%GO a-pﬁgub?%egg@g@pat@qwm m 8
wher ei n t heoft bigher atele@dar Meugm throngk clieylhtiort Ot d@t bREnS! &ﬁ@bﬂﬁ%mﬁing' gast
15 C | ower &@?éhél@ﬁ't &ggﬁ&ggeé}n the el evated tenperatures in e initial

contacti ng st
2. The process of claim 1 wherein the feedstock is comprised of a naphtha
20  from a catalytic cracking process.

3. The process of claim 1 wherein the feedstock is comprised of a naphtha
from a thermal cracking process.

4. The process of claim 1 wherein the feedstock is comprised of a treated
naphtha which is prepared by removing basic nitrogen-containing impurities “from a
25  naphtha produced by a cracking process.

5. The process of claim 1 wherein the olefin content of the feedstock is at

least equal on a molar basis to that of the sulfur-containing organic compounds.

6. The process of claim 1 wherein the elevated temperatures used in.the
initial contacting stage are in a range from about 100° C to about 235° C.

30 7. The process of claim | wherein the acidic catalyst of initial contacting
stage is different from that of the subsequent contacting stage.

8. The process of claim 1 wherein the acidic catalyst in at least one of the

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



11. A process for the production of products which are |liquid at anbient

10 conditions and have a reduced sulfur content relative to the feedstock,
whi ch prowess/o1eapri ses: providing a feedstock conpri si ngca/usoxtuse of
hydrocarbons which includes olefins and;sul fur-containing organic
conmpounds, the feedstock consisting essentially of material boiling

bet ween about 60 €. .an bout 345.C._and having a syl fur content S up to
about 5, 000&)[5n rts gpogra ﬁ?'(%ﬂl% Agg lléﬁniamotlﬁnglw}’é‘ghf”g&t’]‘it%@ capabysy 4p eB%%RFSt ed

t enper at ur eperformaneecefithg cathlyst eedst ock with an aci di ¢ catal yst under
conditions which are effective to convert a portion of the inpurities to a
sul fur-contai ni ng nat €h¢ groesss tof phem Bovhéraig Pei hydretirm agint &6 lay |ledst ameby
the ol ef i nsyehBer 8PYhef gxroﬁb%nﬁ&mgﬂbﬁ hiRhndRg @ﬂ%% oheAB: 2qp laBod &thpguent
cont act :eﬁng stage and at tenperatures at |east I0 C | ower t%an an average
of the evAP B tenperatures in the initial contacting stage, contacting at
| east a portion, of t initial .produgt streamw th an aci.di ¢ catal yst
under conditi onsl(\%ni cﬂﬁ%rpéoceésr foé(ﬁlql%gt‘ﬁﬁ?ﬁlt’i‘vg;"t CIRSHEES AN dhe SHsequent

i mpurities dontamtingltage arontieisn] 37GC hoatee thaal anafveliigg o€ the dioiatddngmparatikestiir ough
al kyl ation gyithe ol &Uiﬁ'%taé@er eby form ng a subsequent product 25 stream
and fractionating the subseflent product streamby distillation to provide
at least one lowboiling fraction consisting of a sulfur-lean fraction
havi ng a sul fur kEont efitProgess fof phenpraBeniionsel preduets pettichiatd lignd agmehbéent

hi gh-bolid | n@niifiet 208 Ha0OSI EhdRE sAffufceidt Yemfil€ o thef feBEd RN WhRR RbBIEg t he
bal ance of the sulfur. 30 12. The process of claim 1l wherein the feedstock

is compri se® 85>t reated naphtha which is prepared by renmoving basic
ni t r ogen- cont ai nprogidingparfe¢dseskf comprdingna phikhae prodderdrboys avticaalelngs
process. 13 e,y S - [ : rein the .olefin content of the
f eedst ock ioséef}a}'?g ?ﬁglgﬁﬁecggg"ﬁgg o?a#%cl ézgokrﬁ?%oglg ?% tF % f?eﬁjgpcgfc OPyiRIne essemlaﬂy
sul f ur - contdimtergaldroging eetweerpahant60° W\ENIHbOILHE CENA US0iRs 2 305dr cadfent 4.

The progessupab apbad SMAdpheieeinfiniofe el evated tenperatures used in the
initial contacting st gigqi] are in a range from about 100 C to about 235 C.

15. The process ‘BfEREACORtAGHRE Sree & iFlevataddPRPeiaiuesy spntpefing: the degdstoghe of

the cont actitingn atid@pesatalgstamsel cchdpions phact gre @Efedtivafoadonsér: a podioshsraé n t he
f eedst ock i

capabi |1 (PR ERIEh SRR R 9 AR pafp ERo R B A gudt By o7 °
clai m 11 whee elefins.libereby {ament areimpial podnetsstigesmd in the initial contacting
stage @pe in a rigngenddqReh@RAkkide Qe Gntit AN atal alleadN8e HE5El Man an
average of the elevated temperatures in the initial 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
25  stream; and |
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 parts per million, and a high-boiling fraction consisting of a sulfur-rich,
fraction containing the balance of the sulfur.

30 12. The process of claim 11 wherein the feedstock is comprised of a treated
naphtha which is prepared by removing basic nitrogen-containing impurities from a
naphtha produced by a cracking process.

13. The process of claim 11 wherein the olefin content of the feedstock is at

least equal on a molar basis to that of the sulfur-containing organic compounds.



the tenperatures used in the subsequent contacting stage is at least 30 C
| ower than an 10 average of the elevated tenperatures in the initial
cont acti ngoswagr76 17. The process of claim 8 wherein the @aa/usomtsd | ing
fraction has a distillation end point §%‘|d 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 .to out 0.C 15 18. The
process of cl ai r]nS8 V\A;[%‘Féﬁrﬁcefﬁgf ﬁ]iaﬁﬂ-%govlil'eir?fﬁ Py §¥?flﬁt8§l%?{gger§t%m§iussfcljr|"fae’l on
end poi nt whtiglhconmctiet sageadye it a 248e GonflghouAl YH°dC esaboib233°He pr oduct i on of
products which are liquid at anbient conditions and have a reduced sul fur
content relativd5to tThe piesssisefodiim Whivbhregr Beasilic easatpytiia esleag@npobitiedi ng a
feedst ock E&H&H&ir%' B9e& ¥ XLHhS g%t)%ﬂmﬁa%@d Rens sthinahwhételngestee@isdki s and
. o} % unds

sul fur-contai ni.n rgani_c .conp , the feedstock. consi st IE%’ essentially
of mate?i aromaripghgl AAYHEBERS ABFINGE TNOWK Jvhish GXhiIBUS 2 sapailitvhigysagnce

sul fur conb&qu@@ebpt}@l@gmysﬁ, 000 parts per mllion; in an initial
contacting stage at el evated tenperatures, contacting the feedstock 25

with an acidic tal yst under gondi t.i.ons_ whi.ch ar f i t rt a
bor i on of the IProuriimEeET,of S i Ve AL AR oL AEHERRLhES el BV
boi | i ng poiimtial demeactihg alaky hetin errahge fromeabobiet 107C ta Mg BY0T 6r archyhengin

initial pr %‘l‘é%np%fa'i@r@mi%:idgn ﬁgﬁ?%ﬂ%%n&@ﬁﬁ@&%@eﬂ a]? iA@Y Afer than an

tenperatures at | east an_an _average of the el evated

t enper 49 ur axerpge ohibe elevttpd femRsFAtWEs iige dniHglcontasHeaE 8%hg at | east a 30
portion of the initial product streamw th an acidic catalyst under

condi ti ons whi chi7ar e kf potdsyeoft 6lai® I8/ &fterdin pi¢ tonerowtbdiligg ifrption thaesa to a

sul fur-contai.ni ng mat er.i al hi gher... bilin ol nt.t h_al kyl at i by
the ol ef i ng,lsuﬂﬁ'é&éﬁ?ﬁ P%‘Pﬁ?rfﬁigtfk]ﬁ hé%‘égoéaﬁ%ﬁr?c%o o%‘%catn' ! ng'taré(gﬁr:l]g" ‘5\%%%71%11%‘326
PCT/ US02/ 1 THeSdistitd@idnreadtioomn and mge inkteal dabisgqoanitargingtie cangstirosapbdy 80° C
distillation fQ:Bhgvede at least one lowboiling fraction consisting of a
sul fur-1lean, nono-aronmatic-rich fraction having a sulfur content |ess than
about 50 parts per mllion, and _a high-bojling fraction  copsisti of a
sul furd®ich, nor§- ar dhst PEOCESaRT f F1aE | SnVRIRaiths el hulipg ?‘ﬁf’é’no?‘gst e 5

sul fur; traakillagod 6R1 pdighwinoh s brgow aeatti2ag° i th a gaseous source of
di hydrogen at hydrogenation conditions in the presence of a hydrogenation

cat al yst which hi bits c Ll . t he. i r '
hydr ogen into _oﬁé' or Am?rr(gce%sf ﬁ{%ra]tgé %’ﬂ##ﬁﬁb-ng‘g t?a(ﬁﬁltanﬁgPS%gi@B@ggﬂ %E}R%Et and
under condiconditiensand hiveea fasucetl silbgeeatenbrelgfvegadhe feedstock, which process

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 5,000 parts per million;

in an initial contacting stage at elevated temperatures, contacting the feedstock

25  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

30 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, thereb.y forming a subsequent product

stream;



10 or nore of the sul fur-containing organi c conpounds; and recovering a
hi gh-boiling liquid having a sul fur content | ess than about 50 parts per
mllion. W0.030x27¢r ocess according to claim19 wherein theChgovgasat i on
catal yst conprises at | east one active tal, selected fromthe group
consi sting of the d- 15 transition elenents, each incorporated onto an

i nert support an anount of . from about to about 20 r cent
nert SupPOrt |} R RRUh oL LLOM AR oSy SERR R, BB RO
wher ei n t heonb Yo dgdiret frawnios abadiysiy of asniini-kes, moe-aomatc-eichdtaatien batiegt ed
fromthe gr.o 0 anC Lt I y 20
22, The pr o SasoRRlt 08 Rl PRk sp BhEBer millRhY AAE O B AL LT BRERS:
contains | e@sSlSmoébéukfu@@Cfpamr@ gemani-l¢andracgpn santaining 4e. bﬂhﬁ@epﬁdh@ss
accordi Bg t@Qisgh.ai m 19 wherein the feedstock is conprised of a treated
napht ha which i's prepared by renoving. basi é}snl t rogen-cont ai_ni Bg n&url ties
from a napht ha pFEHOEdhe ByskrbeilingkiTa l%‘r Yitbsa. gaseousysourceripd dihgdrag

according tt@dﬁdg@hﬁﬂoh%df{dﬁfoﬁb fin tHeEpresedaé bﬂg t@ﬁrdgb@dmngjatalmwthwtgeﬂmm aon

wi th a gaseou our ce ,of hydr o east one
hydr ogenat |C8ﬂsbd§tya y%rtha%e lélf?ttgotﬁué?ﬂeqfqﬁ'rsﬁi&oggﬂémé’r Mok mr%? a? he §18¥E ed
fromthe tatpnng nsgagici qmgmmfundsrmt@bm&n womdiridns smigblediy hydroperiationoponat ed

onto agg megrtmosrﬁ tsuﬁhpc(ﬂ'ﬂ ﬁﬂg%géan% 4@&8&5%&1& 0.1 percent to about 20

percent by wel A conposition suitable for
refinery bl endl rrgcwentlg amigobeiling Hauid haveg iR ceptent lwuhep alouh RBiPaFs
condi ti ons,peafgfdavi ng a sul fur content of |ess than about 50 parts per
mllion an(f is formed by a process Whl ch corrprl ses: providing a feedstock

i si d b h
o P Sbogt o Mot Rhe BIEESCRIRR: 1L At AT ARER Rt Bokhh R My 1
WO 03/ 0122 tonipeisedUS0 24ak7 dbel acBve mﬁetaﬂatse]tectaﬁ foon | thagerbep wessistatgppof tBO dC. and
about 345 Qran@ft'i@nr}?e\fﬁe{ﬁgs @aa]%wftnm QI &S an %Int Wt arP 200k R oS RSut

mllion; in an ini ¢ont act stage at e ed tenperatures,
cont act i ng & heereertds bk 20\19Ptqqntdw weig %ftb%ttoéqlﬁftal}’t&hder condi ti ons which

are effective to convert a portion, of t urit

sul fur - cont ai ni - at BiS BIOCHS FYREE 190f P’i“hd p eﬁ?mtth? E‘Méﬁgﬁ?q{vpa&af%}'ft by
the ol efi nS;ontﬂﬂEé:ebye foorrmregnaalsl geidcteall frpmothe cdroli Eemi3tinignofacchabis adpkelnt
contacting SL@ gg aClt Jeratures at | east 10 C | ower than an average
of the el e/ared Tenpdia es ‘in the initial contacting stage, contacting at
| east 30 22. The process according to claim 19 wherein the recovered product

contains less than about 30 parts per million of sulfur.

23.  The process according to claim 19 wherein the feedstock is comprised of
a treated naphtha which is prepared by removing basic nitrogen-containing impurities

from a naphtha produced by a cracking process.

25 24. . The process according to claim 19 wherein the treating of the high-
boiling fraction with a gaseous source of dihydrogen employs at least one bed of
hydrogenation catalyst comprising nickel and one or more metals selected from the
group consisting of, molybdenum and tungsten, each incorporated onto an inert support
in an amount of from about 0.1 percent to about 20 percent by weight of the total

30  catalyst.

25. A composition suitable for refinery blending of transportation fuels
which are liquid at ambient conditions, and having a sulfur content of less than about 50
parts per million and is formed by a process which comprises:

providing a feedstock comprising a mixture of hydrocarbons which includes

35  olefins and sulfur-containing organic compounds, the feedstock consisting essentially



portion of the initial product streamwth an acidic catal yst under

condi tions which are 10 effective to convert a portion of the inpurities to
a sul fur-worBainzrieng mat eri al of higher boiling point threaghusat/kybati on by
the olefins, thereby formng a subseque317 product strean and
fractionating the subsequent product stream by distillation to provide at

oo oo e e b SEkh ShoSORE Rk a2t SRy RS AR
hi gh- boi | i ng té aeut 500 pans patilijorof a sul fur-rich, fraction containing the
bal ance of the e lar]; Witial contacting stage at elevated temperatures, contacting the feedstock
with an acidic catalyst under conditions which are effective to convert a portion of the
5 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
portion of the initial product stream with an acidic catalyst under conditions which are
10  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 distillation to provide at least
one low-boiling fraction consisting of a sulfur-lean, fraction having a sulfur content less
15  than about 50 parts per million, and a high-boiling fraction consisting of a sulfur-rich,
fraction containing the balance of the sulfur.



