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environment.
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 Wilhelm 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 improved 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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25  cap of 80 parts per million maxim.

The fluidized catalytic cracking process 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 oils,
heavy gas oils, wide-cut gas oils, vacuum gas oils, kerosenes, decanted oils, residual

35 fractions, reduced crude oils and cycle oils which are derived from any of these as well
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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.components of gasoline. As an
example, naphtha of a gasoline boiling range from a 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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ppm Howeverranksport@ioh adspedifllysfromwosipbhents foegadoli@sl y about 85 percent of the
distillate feedstreamis recovered as a low sulfur distillate fuel

product. 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 J.
Wittenbrink, Darryl P. Klein, Michele S Touvelle, Michel Daage and Paul J. Berlowitz
25  relates to 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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acids. It is also disclosed that suitable alkylation catalysts include the following: (1)
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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,
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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.
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25  fraction. The lower boiling fraction is comprised of hydrocarbons and is of reduced
sulfur content relative to the feedstock. The higher boiling fraction is comprised of
hydrocarboné 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) separatingAthe
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

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
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to provide 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.
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sul fur- containing organic compounds than the feedstocl\ (c) in a first contactmg 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 effective 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
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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
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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,

25 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

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.

30 In one aspect of this invention the elevated temperatures used in the initial
contacting stage are 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

35 Where a solid phosphoric acid catalyst is used as the acidic catalyst in both stages of

contacting, the temperatures in the subsequent stage are preferably in a range of
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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 elevated temperatures, contacting the feedstock with an acidic
25  catalyst under conditions which are effective to convert a portion of the impurities to a
sulfur-contaihing 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 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
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, (e) 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 a sulfur content less
35 than about 50 parts per million, and a high-boiling fraction consisting of a sulfur-rich,

mono-aromatic-lean fraction containing the balance of the sulfur, (g) treating the high-
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such as catalyst support component typically comprises a refractory i morgamc oxide such as

silica, alumina, or silica-alumina. Refractory inorganic oxides, suitable for use in the
25  present 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 distillate preferably employs at least one bed of

30 hydrogenation catalyst comprising cobalt and one or more metals selected from the
group consisting of nickel, 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 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 and one
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aspect of th@awing and described below by way of examples of the invention.
20

BRIEF DESCRIPTION OF THE DRAWING

The drawing is a schematic flow diagram depicting a preferred aspect of the
present invention for continuous production of components for blending of
transportatioﬁ fuels which are liquid at ambient conditions. Elements of the invention

25 in this schematic flow diagram include sequential pretreatment of a light naphtha with
an acetic liquid and thereafter a solid adsorbent to remove basic 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,

30  sulfur-rich fraction. This high-boiling fraction is further treated by a process which
comprises reacting the high-boiling fraction with a source of dihydrogen (molecular
hydrogen) at hydrogenation conditions in the presence of a hydrogenation catalyst to
assist by hydrogenation removal of sulfur and/or nitrogen from the hydrotreated

fraction.
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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
streams 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
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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.
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of
25 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 pfoducts 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 sulfur-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.
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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

30 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.
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25  of hydration for a solid phosphoric acid catalyst, and this level of hydration will 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 to 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.
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about containing organic impurities. Many of the typical nitrogen-containing 1mpur1t1es 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
basic 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
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25  preferably in excess of 85° . 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
260° C, preférably 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
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 dispésal. For example, this material can be blended into heavy fuels where the



that the tenperature and contact tinme can be selected in such a way that
the al kylation 20 conditions in the al kylation step of the subsequent

st age, orwettage®jo of the invention are |ess severe than PaTiUsat/1w64 t he
initial stage, and this can be achi eved bg using a lower tenperature and
optionally in conmbination with a shorter 2éontact time in the al kylation
step of the subsequent stage. Irrespective of the specific alkylation step
of the inventfboreontene widhttectésngoblestirmableur eAligmbtitedy,délsicrrmbbsy dfficientbess

of about 50 l'gdrcgéaﬁﬁ%fl ?élé’tWeY 0V e3¢ 8scued o5 Qduéé'aq/o“iﬁ}h@ré?ﬁﬁ%\fe%qmobf'tﬁb
excess of 10 The cont actl ng wll generally be carried out at a

t enper at ure qr’rﬁ“’i%@‘*ﬂ&ﬁ@‘% from about 50 C to about 260 C, preferably from
about 85 C to about 220 C, and nore preferably fromabout 100 C to about
200 C It will bermpmzﬂyﬂxcahﬁﬁoo@fanomwmss trlagtbet dueri@pbimundet eelpevey uigl

wi || funct: n of the,acidicg, ¢ sh I ge r
agent s s§I ecct e “‘8{%" 8‘ g%nc%vr% gtu fo‘(:-)l}ne% (%/r Pﬁl%ﬁtdl?e&&eca?al?ﬁ%( or fgrg‘gﬁt%ﬂ}(%aﬁd
t he nature dfedtdiecagipst isrused runéq:rmomgmoa:: ewﬁhtth@i nelapmllytlor@ perials edapse befobre

removed. Thig, é %%Bh'b%‘orhés Aeeld %raé)é% le”}.H He?&g%%a&[d?&cﬁﬁx% t@rﬁgerature of
concentratin r{g@n&e@su ur- cont ai Ni ng_ ar ofe npurities dr ocar bon

f eedst ock i bPW| 07 e g 22k 4507 IHIﬁfé”B*Y ﬁP’@I‘PbBBi 3?919(3 n‘ﬁt"é’PP‘a‘foo As> a
result of thing Iﬁ@nqﬂeﬁef@u Qﬂm tatbtﬁnsylsﬂa t6abole38F di sqrossd r@tiisiomd asi |y

and at wer_cost, nt| nme be used for this

di sposal18 FOPCB R, E}B“ ”feh‘%/‘g te(?rpﬁ gr{of)‘é ‘gqgﬁ& SipH?rS ‘heavy fuel s where
the WO 03/012010 PCT/ US02/ 17064 22 sul fur content will be |ess

obj ect i onabl e. AlA eanigtiadgpyeferred prassuberapgd wihiarnwhigh thetgdotgeaaiandprayides
relatively Cglgﬁlt g(}%‘acs%}fﬁlereﬁ‘rovbf @Hfl@%ﬁiﬁgm}{? ki B b 3k 'pYé%erQ dh@ﬁ&dt@geﬂi he

ori gi nal fee st dr ogenat process nmay be carried out
under rel at irg@4ifedpfor ghe sy@e%p{fpe%%wnrﬁte@ Wﬁ%SU%Wﬂgn fthe famigs e 29rto 6

ebul I'i ent begmefpheak ahyetpreferdiyefrahlapod X5itsad arhephedescat al yst is used
under condltlons such t hat relatlvely Iong peri ods el apse before

re ener ion bec al, I exa eactl o Z0Nn

o e " or ARyl i W hteeh Mop PIEER: 5B 1 R Bl FREM BN S

250 C. to abodistild®fraction pmbkamog tstepr fherdadsiliatef frammoabe ptehgatsd @ feed/efbsot 350
for best 6{ ‘ilsé'ylcthﬁ grlé‘xt toaeméﬁ’nop? ?%Héeefo‘f“ffnm g Cfthgﬁxr{oaﬂ%% @ferdd %l:ft?tﬁrPUt 6

to about 160 at nosp E icularly preferr ressure range w
whi ch the hy@negéﬁdﬁm@ﬁrab%v Bedistidye rf@mryce@d&dc%lmcmrwmﬁﬁveqogmstreem

m ni m zi ng tﬂ}ﬂ,rmuﬂhgm‘ndmgﬁwreh@ﬂda hydrogen required for the
hydrodesulfurl zation step are pressures within the range of 20 to 60

at rmsph nmor referably fraom to 40 atnosp ally
the_hyd@Bgenat  ont B BEEEE et P4 RE P 15k o s VBT T A B i Wb TR
distillate fsualttasohygnoedrban.i ngrbsth epondhde,dcabor [daoxdé.r atltdg@m, ivetgr ehbat ed

in feed/eff lclt’)ﬁ{btounds, 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  Hydrogen can be supplied from a hydrogen plant, a catalytic reforming facility or other

hydrogen 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 catalyst 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
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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

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.

30 Hydrogen circulation rates generally range from about 500 SCF/Bbl to about 20,000
SCF/Bbl, preferably from about 2,000 SCF/Bbl to about 15,000 SCF/Bbl, and most
preferably from about 3,000 to about 13,000~ SCF/Bbl for best results. Reaction
pressures and hydrogen circulation rates below these ranges can result in higher catalyst

deactivation rates resulting in less effective desulfurization, denitrogenation, and



liquid fraction. Liquid effluent and/or one or nore liquid fraction thereof
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conpoundswohwneiono 20 and/ or assi st by oxidation renoval ofpcauisben7064
nitrogen fromthe liquid products. Liquid products are then generally
conveyed to blending facilities for prod@étion of finished distillate
products. Operating conditions to be used in the hydrogenation process
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total weight of catalyst. The Group VI metal will typically be present in an amount
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
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.



group consi sting of nol ybdenum and tungsten. Preferably each incorporated
onto a high surface area support material, such as alumna, silica
al um na, wod3penhotes. The 20 Goup VIII netal is typical lpgTrSezeme4 i n an
anount rangi ng fromabout 2 percent to about 20 percent, preferably from
about 4 percent to about 12 percent base®upon the total weight of

catalyst. The Goup VI netal will typically be present in an anount.
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cracking pr Oﬁn%s§eparation 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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sul fur-containing petroleumfractions such as light gas oils, heavy gas
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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



as well as sulfur-containing hydrocarbon fractions derived fromsynthetic
oils, coal liquefaction and the processing of oil shale and tar sands. Any
of these weadmimaeks can be enployed either singly or in acy/eyimed

conbi nati on. 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n order to better
communi cate the present invention, still 2dnother preferred aspect of the
invention is depicted schematically in the drawing: Typically, a gas oil
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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-
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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 low 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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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 less 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 minor amount of remaining sulfur

and a high-boiling fraction containing a major amount of remaining sulfur.
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fromabout 75 C. to about 255 C., and nost 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 atnosph mpgpg(ﬁf»rﬁgrmm@ﬁcﬁ catal yst and
subsequent 25 separation and distil Iatl on operate together as an integrated

hydrotreating and_ fractionation system Thjs %/Istem se t‘(‘3J¢‘_des upr eact ed

di hydrogen, hydr ogBhicdlomingExamgplgs Ht‘ é‘?“"ﬁ%‘“&‘é‘l‘i Eﬁ%%?é Igents

hydr ogenat i ogf ftms)mbtehe cﬁidlésuenmverttroaammeﬁé Exangi@y ahoudd mdhogems bkfide,
product is transf el romhydrotr ting,.unit. 90 to staora r finery
bl endi ng i fOPRBE SO & 1 S Loaarelgh enigg s Rerd ary gy garifids,
content of tWwhghpmeyihet made [tegsort warhontdeparGig Hrom Shq)@plrlm dfl tlherﬂlﬁqi@@fier ably

| ess t han ab : referably | ess than about 15
ﬁ%ntﬁ%, P{‘{hg&&tesr d]mnhtl')é%vﬁ{" -t hige P y u

parts per "1 on. esire e resu l1quid mxture of condensabl e
conpounds is__fractionated into a |lowboiling fraction containing a m nor
amount of reWENERML-sul fur and a high-boiling fraction containing a major
anount of remaining sulfur. WO 03/012010 PCT/US02/17064 30 EXAMPLES OF THE
| NVENTI ON The f0| Thvi pilgt-Exadmings insluded sterov édendcall finad-bat ecaent avincls peaef i c

enbodi t he hereln dIS | osed, i nven h ot ,
however , e O%er %tS?lu & A sedaldowyq ﬁo‘f’l nr]IOde \e{Es‘t(’:tSP%aC(;g %ﬁ&,@%k ﬁ’?ﬁ/%%%%ngs
t here are nuBgchvizndtat wemshax\gﬂdcwthrég)ﬁ 1): 9 @fe@@alyﬂmeﬂ“éo pragiesshsreamiqyead nnrigthﬁr om

the spirit %&HEF@[C% %Eh%st% reéé?é/relﬂltxt' tﬂfbutgﬁ% fE&P@@xgﬁftu&k blekisidh ﬁl@[@rlﬁé bu

recognl zZe. | ot - scal e uni i ncl ude dentical_ fjxed ed
react ors whi c4nitgl énglnereéws% dgedopymp éwéléFY)ala“QiéMqu"éﬁh RigRfalcR; {Bach reactor
i nter-react ofva¢@Mpb&d Withinhe firhAeespigped asim SIEaledmmgaah@r maﬁpamar@adem th

300 nL t I t, Th t th t t

the fuo TBaclBP alengr BigHricr e Wb BnoL By, byt &4 BEBROSAPED [ Tig  BUME.
(Zenith), h| gdsmmnsres st thefleednguones Wabhe adjydted ammpglgxtfm ma¢r-pacddresaneniingEach
reactor | Was i apQsgdodtdd bty erl HENRE Ge ANk ARBHINY hl 1RUIN HRALS MHeAANE D

Terrperatures Measured a ong the cen each catal yst bed by
t her mocoupl esampled alranstpsing seB4iEPRAS, and the heating zones were adj usted
accordingly. An inter-reactor sanpling systemwas |ocated between the two

reactors all ow ngpubifig|dpetatidn Pihe GRE@sS bik@aiwad cBerged into the first reactor of the
20  two reactor unit through a feed weigh 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
(9.41 percent cyclic paraffins). This naphtha feedstock was admixed with isopropyl

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



sanpl ed at operating conditions. During operation, the process stream was
charged into the first reactor of the 20 two reactor unit through a feed
wei gh tubwpo opoemiei on nmetering punp (Zenith), high presswca/dsexdopunp
(Whitey), and an external preheater. The total effluent fromthe first
reactor was transferred into the second PBdactor. The liquid product from
the second reactor flowed into a high pressure separator where nitrogen
was used to mai ntErcapt were gated etthqpwes s theecapflyst hised déarothd axemptesrwat a tsbled
desi red Opegﬁltolsﬂg)'&%%?ﬁs&'faq¥stt¢g B(ﬂfsubﬁﬁed IﬁISSle Gilifel et h@uﬁﬁﬂ@r@érﬂﬁcﬁ'}\ﬁs

mai nt ai ned l%!l ese exanpl es h nvent i on,
t he napht ha ¥ead3thidk Wap sirpshagd t@xﬂe?y{eﬁécwaﬁg@eshfSrl%ﬁwébb%t“é’l %ﬁt%ﬂ%@d&t

226 C, was omsah%lggvgﬁywag:tpyq)é}gl distillation of the products fromthe
fluidized catalytic cracking of a gas oil feedstock whi ch cont al ned

sul fur-cantainin ties S of the haf usi ng, a
il 1 coBurm 30" GUeRHberRES AR bEestiadst En RBL A% PG LA oBin
wei ght basi shasékofBnpepogntte vadighiti ns (7. 75 _percent cyclic olefins), 15.6
percent aromatics, and 32.3 percent paraffi ns (9.41 percent cyclic
paraffins). This naphtha feedstock wgs, Fe g with isopropyl alcohol to
provi de feedstock having an al kanol IeveI 240 parts per mllion. WO
03/ 012010 PCT/ US0Q2/ 17064 31 Except were stated ot herw se, the catal yst
used for the exaripl8s s¥agipi %mednvm@gﬁhwwe TERCIQPs vera Feeq with-the o4lid

suppl iTe? by &dﬁpfﬁﬂﬁmcﬁl catlgst, hfahmglp&btlcﬂd (ﬁzes/lébgém(lj@enéndd_i?A)ZVMIOCdeI\a&raIédIS hed
to a scre ze of - t ar esting.Siev

S” TyrerP SR ReET SO G MoIBfDAPLA S coraaet ha parTumsBi 4t ! on
(ppm are onemperatbastsbeit 132° Gppnodprac@r ewonat ghempdExanPoffatbut h2hCsi.exanpl e
of [the | nventhdfahe aliiifed BP6LAEn IR SriGlRAASE I delaiVies@ot! DnaRRRSRARET €

acid catal yst having part e sizes g screen
operated lepraesastqaquisshryarn JablsdcEhe edseianyinghe ot of 2- methyéefa@t%megwé was

nai nt ai ned ahlo@h&&gws&idaﬁ abift 2@@9%1 t397a%o§ 3 povel, & RAGERSN @ﬁ/\sboat 9@8 percent.
fferenti ween t he

t enper at abqut enp rat i
seri al 1(%act 1053 ‘?feééttp\?BhWS o aSAP?QFffsdl Ll?‘f’r‘édl%rwfgsg ‘"’g’t"f‘bé FR-sthown
in Table |I. réthectioadfi@bi8operéent.t ke tevtiadioroin the [malm{IalleuudfuBeqsmpdsmlds bbhingphenes

was from abo%&'ltn]pg%él {)plgre]l(g IE}BQEI wgs RB ab%a{ férigﬁéﬂlqg ?J"f;ﬁ?gkmgg rgd ﬁgrqggtg

15 The total enes was reduce abou out
ppm a redu¥t? percoft. 76.8 percent. The reduction in the total of aII sul fur
conmpounds boiling at tenperatures below 110 C was from about 184 ppmto

about 5.7 ppm a reduction of @OMPARATEVE .EXAMPLE

20 In this example, as in Example 1, the two reactors were charged with the solid
phosphoric acid catalyst having particle sizes Tyler screen mesh -12 +20, and operated
at a liquid hourly space velocity of 1.5 hr-!. However, reactor one was maintained at a
temperature of about 121° C, and reactor two at a temperature of about 172° C, 1.e., a
temperature differential between the serial reactors of positive 51° C. Analysis of the
25  process stream is shown in Table II. The reduction in the total of 2-methyl and 3-
methyl thiophenes was from about 254 ppm to 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 110° C was from about 184 ppm to about

30 20.52 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 1 of

the invention.



COVPARATI VE EXAMPLE 20 In this exanple, as in Exanple 1, the two reactors
were charged with the solid phosphoric acid catalyst having particle sizes
Tyl er scrwensme®ho - 12 +20, and operated at a |iquid hourlpgTasazerosel ocity
of 1.5 hr 1. However, reactor one was naintained at a tenperature of about
121 C, and reactor two at a tenperature 3f about 172 C, i.e., a
tenperature differential between the serial reactors of positive 51 C
Anal ysis of the 25 process streamis BMPLEN2Table II. The reduction in
the total of 2-nethyl and 3- nethyl thiophenes was from about 254 ppmto

about 5.42 ppm app&ELChHIO0scAfe &prmcmnﬁu&%r GﬁemflxeajB@d trefcdr Rhs used to
C2-thi ophenes was reduced from about pmto about

reduction ofdeamistratgshe adsqrpdon aSPFFl'eO? QITUE‘tVF'EﬂP“i AN tPREICHEY aﬁ}‘ecﬂag‘g} ilitysefi ¢ ur
cgrrpoungs gggolggrwloafshohe rﬁpﬁlr@taumwmsm slippliéd w;a5ud Cﬁﬂhﬁblmt) td&éqq@p Budio
about reduction

conpar at itve rgggg;%{) C@I?H?émﬁ%sgfn %Ifapﬂhlaqg# OLT? g%’ BB'ﬁ&'p S't?éﬂ ?&g ﬁt&elafeacwr had

t enper at ur esarbisteonalidiom&enas |.58rqporandre fogal lﬁteﬁr&l theared vghuomt efr abioln 80 iom?.
Exanpl e 1 ofpyd &%térﬂx\{ﬁeﬂf lhg'}ublﬁ\gl r%%«{tmgéglsg&;gl Xegl?cjalj%oq’ﬁe re%&oﬁ%yphgogd

Anot her pilot-scale unit reactor was us&d
denonstrat e Vi 29@sleeﬁo<tqtaiy}st adptevassisnased peiween vombeds of inera ‘é‘m“&rpadflh%
capability of a solid phosphoric acid catal yst (C84-5-01 supplied by Sud

Chem e, Inc.) to Bgsakl dmaaspr@pﬁemﬁbfrpgeﬂxa@moQoqﬁrd‘ehompmtma@&wwcmalyuc
feedstoc@m Th| .tubul ar, aﬁgl nl ess s%[ielf torl ﬂ?ﬂa” i nt er I anmet er
of 1.58 "ag POEST apfh d H PRSI HRRPERY '(%’Pﬁ 2 o @8‘:%*&13 e‘?ﬂ’é“re
centerline O\i/hrth&omahlstld% paacharmiNas of bpos edrogen,t wasavhshed Phth aragteous was

charged w t%l\?tﬁ)n”&f ﬁﬁfu Eta@#dy(qg p\é/['veﬁ téé‘@éss%ﬁﬁ g)m grt ¥R Bg‘? %ceqﬁroggn

inert alum na packin repare a mxture
napht ha fronsnd & apms m gilliom of lt%lkmﬁggcm odba yvaghed wtwérwmdnna%ma tfir om a

thernal crackhylamifeO®qisvidd Aefedd xmx@a 15 fpef:ﬁﬁn@hn@m 36 bRa¢ hfird2eh and

mllion basic.nitro was vvash ol ut,i o sul furic
2ci d (10 Sper DB ToE S0 ¢ Rt BpBLSH perhenioet iy tho BEEHEFEY SyeroPand &
parts per miditohoh t@fprcmﬂcafeeﬂktbd:logemg Eheﬂkzmhhﬂ'ermf(tzm pan@ peraditiized ®he h

Lri- Sthyt amngol GuPLANLER R LEGH AV hde : 4 aRRTR P SLacklek ARt PYI-IOT

basi c nitrogen an rogen eed’was
al so admi xedtempmmrwﬁrabwl 177§|Cc@nd>la nrgssygreovf ahout eéaétatmk Analysinpfetflugnk anol

l'evel of 240fr&ﬂrfh% R&EoMshbived a -tr(ﬁﬁ mru%g&t Cbronté’ﬁﬁ o@p@rpa;@%ek it SO Wi h@W
node at liquid hourly space vel ocit nper at ur e of abg

177 C, a%Qd ad%?%%béw@ow 056’6&‘? ngFogsn: é'thﬁs"%BFQ/S?P%“‘E)?CI‘%F‘F‘F‘Ué‘rﬁdsoribfz‘i‘)rHlt°
react or showde basit aftelgenihpagre icmatfestt of 8 parts per nmillion, and no

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 i1s 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

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

percent.



20 detectabl e amount of basic nitrogen. The solid phosphoric acid catalyst
adsorbed all of the basic nitrogen inpurities in the feed. For the

pur poses WD oBlheopr esent i nvention, "predom nantly" is def Pog@sayimos e than
about fifty percent. "Substantially” is defined as occurring with
sufficient frequency or being present im3such proportions as to nmeasurably
af fect macroscopic 25 properties of an associ ated conpound or system Were
the frequency or proportion for such TiBadt lis not clear, substantially is
to be regarded as about twenty per cent or nore. The term"a feedstock
consi sting essenti al ls){@Ofl is defined as at |east 95 percent _of the

feedst ock by VOVARESISTRE TiE RRO(GESH TREAY FERSERIAL REAGTQRYUADER A
absol utely except thgEMPERATURE PIFFBRENTIAINOFNEGATIVIESE° Chan a
negligible effect on 30 macroscopic qualities and final outcone are
permtted; typically up to about one percent. W 03/012010 PCT/ US02/ 17064
33 TABLE | ANALYSI S OF THE PROCESS ST FOR _SERI - &?S U
TEMPERATURE DI FFERENTI AL OF NEGATI VE ?g%%r %eReacf%?@é%e eact or ﬁg
Product, SuBtlfur @ompowdd Feed, ppm FeEekd, ppm ppm fheedi PP81 0 16 1BPMO

met hyl nercaptan 0.97 0 0 ethyl nercaptan 29.4 0.30 0.28 n-propyl
mercaptan O % g? 0.20 i sopropyl mercaptszgrb 7.39 1.24 3 89 n- butyl15
nercaptan 0 £°87 1.52 15 2-methyl, | -propanethiol 1. Q 0.12 0

2- met hyl1@- prepghgiekiaplanl. 23 0. 18 0. 12 (9| nercaptan00 0.41 0. 13 0 net hyl

sulfide 0.85 0.43 0.41 carbon disulfide 0 23 0.38 0. 20 et hyl yl
sul fide 2.3 ¢hYgneFcePlaR g r ahydr at hi ophe 8.3 12.9 9{)%9 EE

t hi ophe 17.6
1.7 1 O-T R3%epPmerdpinl 25 C2-T 124. Q7 38.17 28.830.37 0.20
isopropyl mercaptan 7.39 1.24 0.89
n-butyl mercaptan 0 1.67 1.52
15  2-methyl, I-propanethiol 1.48 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 0.18
20  ethyl methyl sulfide 23 1.08 0.9
tetrahydrathiophene 28.3 12.9 9.12
thiophene 117.6 1.7 |
Cl-T 253.58 5.8 3.1
25 C2-T 124.97 38.17 28.83
S<110°C. 184.06 7.58 5.73

C1-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.



S <110 C. 184.06 7.58 5.73 C-Tis a total of 2-nmethyl thiophenes and
3-net hyl thiophenes. C2-T is a total of C2 thiophenes. 30 S < 110 C. is a
total of wblo3®woiaur conpounds boiling at tenperatures bel @@TABO2/C064ND

03/ 012010 PCT/ US02/17064 34 TABLE Il ANALYSI S OF THE PROCESS STREAM FOR
SERI AL REACTORS UNDER A 5 TEMPERATURE DI*#FERENTI AL OF PCSITIVE 51 C.
Reactor One Reactor Two Product, Sulfur Conpound Feed, ppm Feed, ppm ppm
10 feed 53.0 9 24 nethyl mercaptan 0.97 0 0 ethyl nercaptan 29.4 0.21 1.25
n-propyl mercaptan 0 0.26 1.19 isopropygigefcaptan 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-nmet hyl , 2-propanethiol 1.23 0.18 0.41 anyl nercaptan 0 0.14 0.27 nethyl
sul fide 0.85 QANALVPSBPORTHRPROCESSSTHE AR FORSHERIAL REACTORSHYNDEBR hy|

sulfide 2.3 1.22 1.48 ' - A hiophene 117.6
5 8 5 38 55 1.1 2odgaPERMIEE PuPRISERTER, drPadmifE - (L Phens 1L
184.06 16.21 20.52 C 1-T is a total of 2-nethyl thiophenes and 3-nethyl

t hi ophenes. 30 C2-T is a total of C2 thiophenes. S < 110 C is a total of
all sul fur conmpounds boiling at tenperReaciee®npel ow RepgtocTwpD 03P®Ret 0

PCT/ US02/ 170$ﬂfur%%mp'5taﬁg which is claiped psn 1. A PeQEepm for them _
production of products which are liquid at anbient conditions and contain
or gani ¢ sul far—comnpoundS of hi gher nol ecul ar wei ght _t han

10 feed 53.0 9 24
methyl mercaptan 0.97 0 0
ethyl mercaptan 294 0.21 1.25
n-propyl mercaptan 0 0.26 1.19
1sopropyl 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 23 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-Tis atotal of C2 thiophenes.

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



correspondi ng sul fur-containing conpounds in the feedstock, which process
conprises: 5 providing a feedstock conprising a m xture of hydrocarbons

whi ch i ncwods®12006 ef i ns, and sul fur-contai ning organi c comroarsds/1z64d

ni trogen-contai ning organic conpounds, the feedstock consisting
essentially of material boiling between &Sout 60 C. and about 345 C. and
havi ng a sul fur content up to about 4,000 or 5,000 parts per mllion and a
nitrogen content up to about 2,000 parts per mllion; 10 passing the

f eedst ock t hfligthich isehtiméd 0l i d adsorbent, under conditions suitable for
adsorption within the bed, to effect selective adsorption and/ or conpl exing

of at least a portlonAogroééfs@ 60 fHe2hB8EL 1L L Bu&leﬁdlﬂhx@ghcﬁﬁdJ%ﬂhﬁxblem
conmpounds with sorbent, and thereb

t luent fromt
whi ch- cont ai FRA{98S aag AN FERANIC SIS ﬁ?rﬁ@%\d@éﬁ. hig %B‘S[?ﬁ éﬂﬂﬁﬁ
f eedst ock; léorieBpdnding sulfucomitaiaingn@ngioags iatthefcedadad wthmmﬁbatsmcﬁﬁpmes
contacti %g the effl ue i dic catal St %lq]d

Wi ndi t L ons. ch are
effective to conviErt! é{]gp%rff:?dgtnocgfcotnwrmm arities té’gg)cgr(ép?ur-hé%n n\gﬁ’]l ng
mat eri al of élefyimerandobdiutcantamng rirgarhg @ugipoamdwh@d imatnogepycontaning efrizandg

thereby for nwthgpo%ﬂdg hd fe%hsteapéaﬁrmﬁ%@&@mal m&eaalsw?ﬁ@gqb@w&mp%u@%bb ng

stage and at eratures_at han = 20 an aver age of

el evat ed ter‘rﬁeﬂ‘@t%h%'s%% € hands havig wﬂﬁa@pm@gt %I't’ yaboug 409 iy eﬁar‘PEPSEt a

portion of tﬁhﬂhbrﬂhﬁd@hlt@?@db@rﬁﬂﬁﬁlb@@ﬁbdﬂtQ@O@@aﬁ@péﬂrﬁlm@i al yst under
conditiaq which are q]fafe n of the i ur|t1

t t
sul f ur - cSht ai ni ngPdTaPef gﬁgﬁﬁ#%&iﬂlgoﬁﬁg%tuq F O Oé‘lslék}'lej? og :
by the ol efi fus adtdrpti@byithor rhemg:da 1063 affsc&cpukent:ve pdsoducn std/@acomiéidg of he
process of cjalm b }‘Yﬂﬁ‘% S Mhd h:g)n&%edohﬁxld &ﬂ?hﬂfgk nft%@ﬁfg&%ﬂ %th 3he

napht ha froma cat C crac roce or “a erma rac
process. 3. m@bpnb@e@éhfmb)cphtﬂm ¢ ﬂ\wﬁérfé@m [hﬁ@e@(whl@:b g onk &asp Qfsllté‘égmrl sed

of a Wterl&imé&ﬁh%@r aﬁlcmoer%{,ﬁgk thh®Meate BRI ¢ catal yst by use in at Ieast
one of tg’n ont ac The process of claim1 wherein t]
ten

sta 4,
olefin d t ofmt‘hggf g tw(gkstqgg %Flevi“sgé"tm%ﬁﬁf&f“ownéa%‘ﬂg ahe @EF%‘ A ¢ that
of the sulf uin acidicacdralpg Widgarbadicong ohivtisare Seffetliee po aoasst af partien ©f [the

wherein a solid phosphoriCc acid.ca ;S US t he ol .yst in
o] enet onomifurPRORPLNRE BRkhGERAlNR of el e @ heedluRELPL Sy RV ALURL
The process by thelokafims. Ithewkby éqrmmgm wltey proddct senepr andur es used in the
initial contacting §§@9€3ﬂ1ﬁ5@cdn’ﬂae@mg %{!@@ ahd Qmeﬂ&e%up@% l@a§tQOa'€0%ng3ﬁa§ 7.

The process of claiml erein the acidic catalyst of the subsequent

contact 4ty sthyerass o shfpslevaed ismpsrataeein ke @ﬁtchn%ﬁ%%%ﬂéﬂmwftgrﬁtdﬁa“

aci di ¢ cat al ygértibi 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
molecular weight through alkylation by the olefins, thereby forming a subsequent

product stream.

25 2. The process of claim 1 wherein the petroleum 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 | wherein the olefin 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 | wherein a solid phosphoric acid catalyst is used

as the acidic catalyst in at least one of the contacting stages.



5 use in the first contacting stage, and the solid adsorbent is conprised
of a material which is prepared fromthe acidic catalyst by use in the
first corwaesBiomyist age and/ or the subsequent contacting PCagso2/8o6dhe
process of claim1 wherein the acidic catalyst is conprised of a solid
phosphoric acid catal yst, and wherein the3& eedstock is conprised of a
hydrati ng agent in 10 an anpunt which exhibits a capability to enhance
performance of thé. cat &hgproces. ofTelainprlowbersingthe cleyappdgtemperaiyres ppd in the

hydrating aggnfa)icsn@ltid 208 2 AREPESMAbolhN0g CORLEANBsSiA ng of al kanol s
havi ng from about 2%F0about 5 carbon atons. 10. The process of claim$8

wherein the tenpeyat ur ¢ge ipfodefieof URHR AU GMEreinl theC A8 CAatdIght SIfage sabqadnt

| east 15 C lower than an averagg ?f the.afl (jlv t.ed t?}%? atures.di n bqt}lhe
initial cont SREAHGEstagyds comprisd g p ALY $IGhHS PRPBERTATIB AN SF 5 BEIEL &Y
whi ch ares | i qiei th afe fambtenhctingosiaiet iand sheapalich adsertzent éduceprisad! ¢fua ncoeriadnt
relative to the,f.eedsto i ch. | : Ovi.di

feedst ock c ovr‘r/{g“rclhsl P Rbepéreﬁii%&cf%\/gﬂee %{‘d?% %?@%&’ o (t;‘%ggﬁ \‘k}% ?t?:rﬁt clzo(r%(tﬂ%& g%ggkg FneC??rntg ®and
sul f ur - cont asubiseqpeot gatdcting siapdunds, the feedstock consisting essentially
of material boiling between about 60 C. and about 345 C.. and having a_.

sul fur content up to ABoBrocassehglagn Ivirgenphy acidig gptalys is camprizsddiaigligne

feedst ock t hppesghoric R&d chlys&OhddwRetsRIthe fledstbdldig lcofPricéd dfanisydsatingalge in 25
for adsoypbtion within.the ged, to tgli.fect el ecti.ve adsorption, and/ or

conpl exi{{g ofin gpourtaich exhibifs 3 ¢apa 1tyttﬂ§n€g}qf:gf:qglarmmc§ Pég‘gr‘f?@gﬁ “ai ni ng
organi ¢ conpounds w t hthe adsorbent, cand. thereb i f.l. romthe
bed whi ch cont ai ng' I esg}]%fpr?ﬁe Srgéecﬁ‘{}mc%n g?r%ﬁnng]%opr{){]de%%gn% g%e%dghﬁggé%sﬁgﬁet he
f eedst ock; i membei ofthec groupctonsigting afelkanole heviag ddom eabpetr attarabsut T eatbast i ng
the feedstock,,30 wWith an acidic catalyst under conditions which are
effective to convert a portion of the inpurities to a sulfur-containing

material of higheqoboi frhogpra@kdlof tdisipU8hwhéKM Blel @Mmpyaturefign ahefsuBgquent
t hereby formng an initial R odP%t trealﬂm in a subgei‘gu nt contacting .stage
and at  t ehpefATRftBE SHE® PER{*4h ‘Fi‘?k)éﬁ“ TP 228506 PG Gred HEPErR R Bd

t enper at ur estherinitiabcdntdctingktagant act i ng stage, contacting at least a 35
portion of the initial product streamwth an acidic catal yst under

condi tions which gfe W Q%CQ&%}L%II%%U&%{ & Px%uct§7wrﬂ£ﬁ SR ;Rfﬁdteﬁ ORI @
portion of the inpuritieS to a sulfur-containing material o I gher
boi | i ng poi neonditiensgidaiayg |aateused iyl fun eoerdfielag Ve th dreetsgdseikmivigchgprocess
subsequent propGles: stream and
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, éontaeting 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 product stream with an acidic catalyst under conditions which are



fractionating the subsequent product streamby distillation to provide at

| east 5 one lowboiling fraction consisting of a sulfur-|lean, fraction
havi ng a woloBoizoecont ent | ess than about 50 ppm and a hi @aThrsot/iTees
fraction consisting of a sulfur-rich, fraction containing the bal ance of
the sulfur. 12. The process of claim 11 wWerein the solid adsorbent is
conprised of a material which is prepared froman acidic catal yst by use
in at |east dfeetivé ta trmven @ monemef thagmpuriigrsso aisslfuFbentpnnganaiend! af(hagher 11
wherein the i & ar
asi 5 1ot hat o PRECHE, Al b RS e Lo <Ml el e
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wherein the ceon% hgql? t%n%ec\é%tmeesélf&sed inthe initial contacting stage are
0

in a range froma ut 235 C. 15. The process of claim 11

wherein the acidi chatﬂ,eyg cbé% &{cmlﬁaﬁ whBRi thel (fid a%Qoﬁeﬁkt@%mwsg 8ges is
a solid phosphoric acid c wherei n the feedstock %a‘ sed

of a hydr at i WateagleMthighn lsaﬁreci’ﬁi?énfm%?rb H‘C’élk%l"%‘la’cyét &Y ciisald ﬂe)?“t 8“%

per for megice @nidchigg sagal yst. 16. The process of claim 11 wherein the

el evated tenperatures used in the initial contacting stage are in a range
from about 110 C t3 abDhd pd2€ssGf chivd Mheliezein thblefiheobenpefrtat (redstodssditi n

the subsequen t IS S o r of
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the distillation end paint and t elnltla 0|I|g§a§g£¥ tgrelntgﬁ Enge
from abolr 8tplid adserb F‘B ‘%15%‘9?“?2‘6’ @ matgrialpphiciy e rogy the Aigh B AYt he
hi gh-boi | i nguderinetie st dvdsacting diagé hid/@tthesuBeghepotditacting Gtage.s bel ow about
249 C. WD 03/012010 PCT/ USOZ/ 17064 38 19. A process for the production of
products whi ch ar &.l i qlihadpaicesndfi dam 1t orherein drcselamdedlmvr@emtmledue@ﬁinsﬂhtf ur
content 1ok il cblabl BRI ASkan W6 BRACREE ¢ EABREIABSC. Provi di ng a

f eedst ock conprising ure o rocarbons which 1 nc des 5 ol efins

and S;J' fillr-cont ai (4 ng @ﬁa@%&swmnqswhéraﬁ th€8d&icQataRP NS4 dsnBne of the
essenti a
20 y 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 enhance

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 used 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 to 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.



of material boiling between about 60 C. and about 345 C. and having a

sul fur content wup to about 5,000 parts per mllion; passing the feedstock
t hr ough awlbad/oofoieol i d adsor bent, under conditions suitablreT/dsoz/1mdsor ption
within the bed, to effect sel ective adsorgtl on and/or conplexing of at 10
| east a portion of the contained nitrogedScontaining organic conmpounds with
the adsorbent, and thereby obtain effluent fromthe bed which contains |ess
of nitrogen- contki ni ny proganfa therpyedustion tafiamodusss Phichsarediguid At ambiepkt
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21. The proogssn2p6ial Hirbskrt Ak Phdbibl IbRIiIA, thérbBy FoteiNg e Rabieqliert Praduest
conprises one or nore netals selected fromthe group consisting of cobalt,

ni ckel , molY6588um and tungsten.
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.



22. The process according to claim 19 wherein the olefin content of the 5
feedstock is at | east equal on a nolar basis to that of the

sul f ur - cowDaBi20g0 or gani ¢ conpounds, and wherei n the sol iPdTadsDIOENt |S
conprised of a material which is prepared froman acidic catal yst by use
in at least one of the contacting stages.3923. The process according to
claim19 wherein the acidic catalyst of the subsequent contacting stage is
conprised of a nelleri alhenhiockssi acprdizatcedaint dfh wiereioi e diydrpgenaiion|opelysby

use in the fd dif risEQBhE Gk | HGe SR seitbd! ﬂ@msﬂlls'?oé"@%eﬁﬁﬁmo d)fsc&faﬂﬁﬁlcﬁé'ld of
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percent by vwregarcd fromt dneacidie eatalystdtyalsy s at loast ope @fdhpé@m@qt@rg staget-abl e for
refinery bl endi ng of transportatr on fuels 20 products which are |i cflur d at
anmbi ent condi ti ond3- anfhhaincay ceding fo chHnelft Whereibdre pedis caldptof 58 ppm

and is for rreﬁbbe\quanm&eaeﬁﬁg wak<ch c@ﬁifbﬂl%écﬁ@t’a‘a m@remm whiey 1§-prf=,pﬁé($ fr@ﬁlkan acidic
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sul fur contept ppm passing the feedstock through a
bed of soli d E%r b%g(ﬂ&egt @og'e#ttlgg %‘g ions suitable for adsorption wthi n

the bed, to effe% Sel?ﬁéEY&e%d%BRﬁh%’@o 2NGHOT9 GHERLS*%hO Yre@finAbf theed
port|on of the conta|ned Itrogen-containin organ|c conpounds mrt

adsor bent, abrilipghdrashgn inEhaPrrg"é?‘?Hsu%’chef Plof yaegsecrﬂrm%hatc&%va?rrs § gg of

nitrogens B%ﬁﬁé\geahmm@at@llygaasurﬁpmrg)amdrSaﬁmaﬁb bhaqdreadamcderecreﬂ feorfi thet
contacting staﬁe atsﬂsﬁ ffl d1 E)& resgt cont act i ng érgte £ ?ﬁeocsiﬁ (\)/\At
an aci di c ca¥ 8PP SYSdeC CBRd ei(')’H’sa R & ér’f’é%’ip.{? %Slﬁver BP
portion of tinean ampuni of &emt gbcut Sl percentotot ationt 20 praceat byl waghtholgthertotal
boi | i ng poi nt, H)srough al kylation by the olefins, thereby form ng an
initial pr oduct stream 35 in a subsequent contacting stage and at
tenperatures at least 10 C lower than an average of the_ el evated

tenperatures in the infit FANPYHHINELARE §?ra§f‘émeﬁ’orl?fe§é’cqgn@ dganspogiation fyghs

03/ 012010 P@VobﬁQ?Ma?&ﬁﬂe nélﬂdpoﬁrhbeﬁt @fndmwsunumhallngprsuﬁucctonsdm eAalsydhhl an

acidic catal ;}/b ut 5'(519&51 a% Ilo ! Oc?gy a process Wthh 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  up to about 2,500 ppm; '
passihg 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 sulfur-containing
mat eri al of higher boiling point through alkylation by the ol efins,

t her eby fwomsmgoao subsequent product stream and 5 fract ipomatSozvg7oche
subsequent product stream by distillation to provide at |east one

| ow-boi ling fraction consisting of a sul f4 -1ean, fraction having a sul fur
content | ess than about 50 ppm and a high-boiling fraction consisting of
a sul fur-ri amwrtiér af thednitiabprotagtrsinagmtwich baheidicecatyst hrdes opdipions 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

containing the balance of the sulfur.
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