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o (37) Abstract: Economical processes are disclosed for the production of fuels of reduced sulfur content from a feedstock, typically
derived from natural petrolenm, wherein the feedstock is comprised of limited amounts of sulfur-containing organic compounds as

‘o~ unwanted impurities. The processes involve an integrated, multiple stage system for converting these impurities to higher boiling
products by alkylation and removing the higher boiling products by fractional distillation. Advantageously, the processes include
selective hydrogenation of the high boiling fraction whereby the incorporation of hydrogen into hydrocarbon compounds, sulfur-

O containing organic compounds, and/or nitrogen-containing organic componnds assisted by hydrogenation removal of sulfur and/or

3 nitrogen. Products can be used directly as transportation fuels and/or blending components to provide, for example, more suitable
components for blending into fuels which are more friendly to the environment.
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and nost contain nitrogen conpoun Ich hay a contai n oxygen, but
oxygen content of nost crudes is |low Generally; sulfur concentration in
crude is |ess thalf 35dukngwpethaéninterpk sombuginnugngin@0d@ve revolutionized

transportation following their invention during the last decades of the !9th century.
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,
devel_opmem of improved spark-ignition engines for use in transportation has proceeded
25  hand-in-hand with improvements in gasoline fuel compositions. Modem 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

80+ ~fueland” petroctiemical” feedstock: While compositions of natural petroleumi"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 hydrb_carbon

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 stch 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), hea\}y

35 naphtha (boiling between about 10° C and about 249° C), kerosene (boiling between
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because it requires a source of hydrogen, high pressure process equipment, expensive

hydrotreating catalysts, and a sulfur recovery plant for conversion of the resulting
25  hydrogen sulfide to elemental sulfur. In addition, the hydrotreating process can resnlt in
an undesired destruction of olefins in the feedstock by converting them to saturated
hydrocarbons through hydrogenation. This destruction of olefing 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 cxample, 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
- materiab-catises - a- reduction~in- the* olefin content in~addition fo the desired
desulfurization, and the octane number of the hydrotreated product decreases as the
degree of desulfurization increases. '
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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
25  of sulfur, and a heavy fraction. The light fraction is hydrotreated to temove
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 distiliate feedstream is
~ recovered as a low sulfur distillate fuel product. .

U.S. Patent No=2;448,211, in the name of Philip D. Caesar, etvak 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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pyrophosphoric acid, with a siliceous adsorbent, such as kieselguhr or a siliceous clay,
which has been calcined to a temperature of from about 400° to about 500° C to form a
silico-phosphoric acid combination which is commonly referred to as a solid
30  phosphoric acid catalyst.

U.S. Patent No. 3,894,941 in the name of Paul G. Bercik and Kirk J. Metzger

rdlf-f‘scribes 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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stream by fractional lation. It also states that additional olefins
can be add¥P'FB Base Stfkcked naphtha to 30 provide additional alkylating
agent- for the process.

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
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 thé 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.). Alexander,

George A. Huff, Vivek R. Pradhan, William I. 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
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a h1c are effectlve to convert at least a portion of its content of sulfur—cantaxmng

aromatic compounds to higher boiling sulfur-contairiing products, and (2) separatmg the

resulting products by fractional distillation into a lower boiling hydrocarbon fraction

and a higher boil'ing fraction which contains higher boiling sulfur-containing alkylation

products. The toial 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

. . .1se 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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excess of envirgyrenént, and range up to about 2 or 3 percent. Processes of
the invention are particularly suitable for treatnent of a refinery

f eedstream conpri sed of gasoline, kerosene, |ight naphtha, heavy naphtha,
and light cycle oil, and preferably a naphtha fromcatalytic and/or

t her r% cracki ng processes.SUMI\'MRY 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 pireferably a naphtha
from catalytic and/or thermal cracking processes.

30 Muitiple stage sulfur removal processes of the invention involve the use of an
initial alkylation zone and at least one subsequeﬁt 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 cbrresponding
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25 parts per million, (b} in an initial contacting stage at elevated temperatures, cox}tacnné
the feedstock with an acidic catalyst under c_:onditions 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 Jower 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 cata]yst under condxtlons which are effectlvc fo convert a
. portion of the impurities to a sulfur-contamma material of higher boﬂmg point through
_ .alkylation by_the olefins, thereby forming a subsequent product stream, and  (d) |
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35 low-boiling fraction cons:stmg of a sulfur-lean fraction having a sulfur content fess than
about 50 ppm, and (ii) 2 mch—bmlmo fraction consisting of a sulfur-nch fraction -
- containing the balance of the sulfur. In preferred embodiments of invention the




5430 tenperatures in the initial contacting stage, icont actézp?an%& gt a
portion of the initial product streamw th an acidic catalyst ‘under
condisto @ 22wdi ch are effective to convert a portion, pgfrigseertrmaurities to
a sulfur-containing material of highgr boiling point through .___..:
al kylation by the olefins. thereby farm ng a subsequent product stream and

(d) f I -Ssub uent,. uct - st m b istillatign to

br ovi agsARpOds phS B SIS AR WBETRR el Stoneanr e

sul f ur thagadbout 30t pasts her mildioa- s Mdrarprefsmedmire | @sisodimantsabich pvpem . and
(1) aphidabs baiidd Rbvefd a0k bRk § obd Giioh! AGt ]

cont ai ﬁi rf'|g thquba?%ﬁceﬁg?rgﬁggg&%%%% E}%HQ%PQ% g’?#’élgg g%ﬁ“ﬂi"ﬁé’n@?@ ‘Qi nventi on
the f P®IFahinissyinpabovid ey rellveT/ US02/ 17154 10 nul ti stage process
provides a lowboiling fraction which has a sulfur content of |ess than

about - . 30 parGiserp@bodiinkhts PBluddMrosiicE Brnedbpsrsy proteadi ments whi ch provi de
| ess t ha

praoduc i.ch _have. a, sul fur..content of about 15 ts per
P DT cliRcidla o8 Sl SdbbiSRTREN  Siirhient oF 5P thin Aok 30 TR ot her
enbodi permiliomgirefdembly dgse shan aheutf 30 peds pyr anllionr aees prefesdly had: her ei n.

Such cQiRe bk I tent_of le - ) rts per
trilliaqn, %Pgﬂfgggfb{%y F‘é%s%gﬁ]fé;ﬁa[g%{l}t E%Om%%?és&%ie%ngg%n? %?%ﬁl?ly 5#!%?52&6? eferably:
have a2bouifQ partsgspiliionaf | ess than about 15 parts per nmillion, and .nost -
preferably | ess than about 10 parts per nmullion:. In a third aspect, this
invention prigw f6d aspee RS SivehtdR Nl Sorifkitib® shikBleYroP tinelyerding of
transportation fuels which are liquid at anbient conditjions, and having a
sul fur WgrReEpfondpels whichppeipuidy gpbiespeqsdifiprs. ud haying)a sylfurgogtentsofiless thag by a
pr oces Sab¥hlis0 ParksPEPiilE&BandRé RYheH 1Y% RodBORISLIPSImprRdPr | Sing a m xture of

hydr-ocar bons which includes olefins and sulfur-containing organic

“conpounds, tRiYidiagadegisteck saprisine iy metwe i byrijogarbns ety ingludesorlpting gand

bet weenuBRQshtaiie. oitlc aRRIBbundd Sthe AR IR VdoRstaSetbdnbihllyE QP triidriat DhoflRg 2bOUt
5,000 parts per _m iniitial contacting stage at _el evated-

i on:
"t enper HEbYER 20quh ﬁ?%tﬁjngg‘b?‘;ﬁg“g%e&g@ %WnWtsﬁlﬁéFncoméfg'i W eheraPPey Pt

condi ti@NfenWhi ch are effective to convert a portion of the inpurities to a
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and 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 fo 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 than about 50 parts
per million, and a high-boiling fraction consisting of a sulfur-rich, fraction containing the balance of
the sulfur.
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| east one low boiling fraction consisting of a sulfur-lean, fraction
having a sul fur content |ess than about 50 parts per nillion, and a

hi gh-boiling fraction consisting of a sulfur-rich, fraction containing the
bal ance of the sulfur. 24 January 2006 10a 10 Suitabl e feedstocks.
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5° C lower than an average of the elevated temperatures in the initial contactmg 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 neggt;,,vg 115° C,

more preferably in a range from about negauve i5° C to'about negative 75° C, Where a

solid phosphoric acid catalyst is used as the acidie catalyst in at least one of the
contacting stages, the temperatures used in the subseguent centacting stage is preferably
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Useful - catalyst for the hydrotreaﬂncr comprise a componcnt capablc 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 suppert component typically comprises a refractory inorganic oxide such as
silica, alumina, or silica-alumina. Refractory inorganic oxides, snitable for use in the
present invention, preferably have a pore diameter ranging frdtn_ about 50 to about
30 200 Apgst—roms, and more preferably from about 80 to about 150 Angstroms for best
resuits. Advaptageously;- the catalyst support component comprises a refractory
- inorgaric oxide such as alumina. - ' w
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For 2 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 drawmg is a schematic flow diagram depicting a preferred aspect of the

' present invention for continuous production of components for blending of
transportation fuels which are liquid at ambient conditions. Elements of the invention

tn this schematic flow diagram include pretreating a light naphtha to remove basic
B -pitrogen- comtaming - compoundsy-atkylating-the~ireated 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
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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° APL 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
streams such as hwht and heavy catalytic naphthas and light and heavy catalync
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
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03/ 012276C@@IF¢tLlﬁ0@ﬁQt7¢54t isl Grequently not possible to achieve high conversion of the
- sulfur-containing impurities 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 whiech

. 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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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 [ 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 feedsteek-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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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 becanse 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 zirconinm compound selected from the

35  group consisting of zirconium oxide and the halides of zirconium with an acid selected
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atoms. An armpount of hcyf(IJratl g. ag rovides a water concentration in
oking an , in addmon 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, physical_ly 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 hydrati_ng agent which provides a water concentration in the
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1 cm and a length in the range from about 0.2 mm to about 2 cm.

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

- eomp!-’isedw-oif-‘-a*'-'--ﬂ'e‘atedf—"-nayhﬂra 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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of the acidic catal yst used

_concentr aless sere HiaRyn St 04 the dndtial whee, ?hls camhel agltievadabupsing & l@Wer
~sul {125 comrin@jendt(@ and optionally in combination with a shorter contact time in the alkylation
step of the subsequent stage. Irrespective of the specific alkylation step “of the
- inventjon, the contacting temperature will be desirably in excess of about 50° C,
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 morte preferably from about
106° 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 hyd_rocarbon, carbon monoxide, carbon dioxide, nitrogen, water,- sulfur
25 compounds, and the like. The hydrogen stream purity should. be at least abont 50
percent by volume hydrogen, préferab]y 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 catalytlc reforming facility or other
hydrogen producing process.

30 The reaction zone can consist of one or more fixed bed reactors containing the
Same or diffetent 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.




sane or different catal ysts. Kf ed bed reactor can also gpoppyi )
‘plurality of catalyst -beds. The plurality of catalyst beds@{unagzogjﬁngl e

fixed be%%Wr can al so conprise the sane or different catalysts. 24
January ) B3/ 012276 PCT/tJS02/ 17154 22 Since the hydrE¥R47¥n
reaction is generally exotherm c, inter8Rage cooling, consisting of heat
transfer devices between fixed bed reactors or between catalyst beds in
t he same react odingsehe hydengeivgioanehetjoad is g&ndrﬂgséx(ﬂhm@,ii%m%%et iheat
gener at ed | - ocess cC ften be profitably recovered
for use i nc%sgmn%}g p %ﬂ?\% | gg&%rg%clgegggm\/&ﬁﬁ(gg?‘%e s &%WW&BPF% i s
not avai | abl 8¢ EF81 feagonsiiell. ban percipioyed. t At taagha pomiohng thé kit é@srasdach as

cool i ng wafem @k @'ﬂrgg{- r h n treaminj ected
directly i E’t’ % t he .?egct SPEQ-@%§ ?glggﬁ%?ggeé%gg&gﬁ&%%?%@i %’5 Y& diic
t enper at ur BYERETREPHPIEFssy W Eewsr thishat repavemyraptiotds bett aveilabléyaioligg madyi on

react ot ehppedbiuted tBROLK obolirkOulivRs §8AF4 GIAQWEIdHED tkSuARIE' R Y

cool ed and%%cﬂg %Léde nt_streamis directed to a separafor device to°renove
the hydrogeh. 56 g‘i?hfﬁ%m’? é‘@S%‘? QHCFF;GFB%PF EARIOBe_ TMeBiasE droerssdss ¢an t he
process V\/ni?lloéﬂd@p rredustd t Feenpieyatueg enotiinb@eputaedr t ehedX t BN Providy SHEHE such
as pl ant Oiﬁydrggénﬁﬁér?;rfé#&ltem-ggfat&}ilggﬁgcgp purge rate is often controlled to

mai ntain a 'm ni num ogenpurity and renmove hydrogen sul fide. Recycled
hydr Oﬁ%ﬂ 15 is ?%ner all'y conpressed, supplenented with "nmake-up" hydrogen,
and irj-ect ed i nt® TALIONFOBE eEBehbis genembe codlpd pubjde affluent stidagquisdlieffiuent

of the separsadephratts\detiee AR AROR i ' ' where |ight
~ hydrocar borfg ved ang irgcgt6 d t%ﬁ%?@%ﬁ%’ﬁ%ﬁ%@%ﬁ?&%@?bon

be re
~ pools. Pre écaﬁ]gac?(htg SRV ko Tl hglﬁcPPH’re ek thephairogen, Ganebe prEedi¢e entemmnd
](c:apab! e ofsyStemprsoet e plgntetlbrf tefiaatysfuel d'li?e hﬁtﬁﬁgerpﬂﬁgé PMe H&O?f:ct%ﬂ‘lgm%t}(ﬁlfég?o
racti on : = L-Qul ract i on. | uen an or one
or more | ?‘gﬂ?d ?giéltgﬁlgﬁp%%dé r%(glfIJ ULy anq gsmoy, S&HHWC'% gﬁﬁ%’eé‘@é’qeﬁé’dﬁ%@at e
oxygert®i ntid £errEally cpmpicssed sHppicmontod withs "mider ey hydsopeh 0inddaRcaH il the

oxi dat i on predeey fr fitthes Hydrdfer@fioR! trogen from the liquid products. Liquid
products are then generally conveyed to blending facilities for production

of 25 fini Shei'd&iéti:ﬁl aie products. Qperating conditions to be used in the
hydr ogenati on process i of ke sepaxgrar dgwice cam beimspeessndeint @ sisinpar dedcof from
about 200 vders lightiydiocatbons@an tprehevabing difeerad 8 Bws agROhate hodBRaHL, 400

C., and npghispr efs. NN uf 275 _C. to ahout 0 C for best
resul %6 ngo The hyé?gl etr?gt%%?ﬁﬁ B)(r?o%néjz SUIBPYL APVIoe, Jerludes smegns, eanapleoff zone
press espfod!hcapg,gafﬂuen s of at least one low-boiling liquid fraction and one high-boiling

liquid fraction. Liquid effluent and/or one or more liquid fraction thereof is
subsequenﬂy treated to incorporate OXygen into the lignid organic compounds therein
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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 preferabljlf from about 300 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/Bbl, preferably from about 2,000 SCF/Bbl to about 15,000 SCF/Bbi, and most

35  preferably from about 3,000 to about 13,000 SCF/Bbl for best results. Reaction
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used for st ‘?y@’;%‘eyaiés tpcﬁesf:ﬂ‘e"b@’éwmi FARgiRgi fspm 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 inorganig refractory materials, e.g., alumina, silica, silicon carbide, amorphous
and crystalconduit silica-aluminas, silica magpesias, 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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ypical |y preterably from about 450° C to about 650° C. Effluent
5 - from the reaction zone, comprising hydrocarbon vapors and cracking catalyst
containing a deactivating quantity of carbonaceous material or coke, is then traﬁsfcrred
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 carbonaceons
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DES CR]PTION OF THE PREFERRED EMBODIMENTS

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—containihg 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

e G swre@mlvzr:wfmssedHEM@ngh*cmdﬂi?fflf4 and into pretreatment unit'26: Ttie tight naphtha
feedstock is comprised of organic compounds which include hydrocérbon compounds,

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

organic compounds and nitrogen-containing organic compounds). Advantageously, the
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thiophenic ‘materials through alkylation by the olefins. In general, the effective.
conditions of reaction depend upon the catalyst employed. For embodiments using an
7 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
3°Cto about negative 115° C, more preferably in a range from about negative 15° C to
' a_bout negative 75° C.
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. y‘gi'b%j’e RS Fraciiona W hishdias geriritiak beilipp pbimd of abaut 177° C and
contamns the high boiling alkylated sulfur-containing material produced in alkylation
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

o -aetie}mfwﬁesu'}fm%mﬁmr'Uf»‘tfwhigh*’boﬁing material, The reactor may be operated in
up-flow, down-flow, or counter-current flow of the lignid 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-




catalytic reactor of the-hydrotreating unit 90 from’ stor@g‘pan%,gazobgfl nery
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EXAMPLES pﬂtsmE mmmrrMsrftpbtmaesmgw@q&d aiiRiues ofbddefiRbéednthdubliyst r at e

certai n spasid I o n disclosed inventian. These
da%demnglm%ﬁm (?Iacggr?g%ﬁé rl?edmé T AmAunt P%reflﬁémg%é‘ﬂ@fof t he

Exa S ot, however
' novg})é @‘?ff‘i‘liﬁg g%m‘ﬂ%ﬁéct@womwlgmmmmsm athemhinimysulfer. made t her eon

W thout departing fromthe spirit of the di sclosed i nvention, as those of
~skill in the art will recognize.

EXAMPLES OF THE 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




+ GENERAL The pilot-scale,unit included two identical flxeﬁmamors

.which were 30 operated in a serial down-flow node with I nter-reactor
cool i ng Q{obhfiRsocess stream Each reactor was charged with 300 nL of
cat al yst . The process streamflowed into the first react®I/B502{1AB4t wo
reactor unit through a feed wei gh tube,29recision netering punp (Zenith),
hi gh pressure feed. punp (Witey), and an external preheater. Each reactor
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Syst em wassyseeixad 18etiesitw r I the -1iquid process
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process st PRI s"@WﬁéH“ 14e08- t he first reactor of the V two reactor
un|t t hrough a feed wei gh tube, precision netering punp (Zenith), high

pressure feed pnnnnmmaam,thapﬁca@ sk B3 oRIEP RIS tne BRE AR oSl | o0t

fromthe I & sferr into_t reac
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separ ﬁ\b i nt aj ned A CO
t he i iVentTHHT pee H‘é‘hf‘ﬂ’égh Blegsgreossparabei wherg nitwen e ds@gﬁmafnftzﬁmﬁémm

61' C to ahdet pRR&irEof WRs s@BhdR kS . LaLi

product s i B{Bflmﬁefl ui di zed cat al Q{?g ugér g%ﬂeﬁ% ¥a%§d)5%83‘6re1 %&Lg{tg& whi ch
cont ai ned Sul t'0r c?ﬁ?ﬂﬁ%‘ﬁﬁ?%ﬁﬁ“?@bé@%ﬁwwuﬁ vflve.he napht ha feedst ock
using a multi-colum gas chromatographic technique showed it to contain on
a wei ght basi sin #@sgepmnpentf thoineéitivg, (hé. n%%h@ﬁrféc%%cl@%ﬂ o%:?fﬂe@iﬂde 15.6

per cent aﬁ@mata e ar af.fi.ns 9.41 perg nt cycl
par af i% Thlbglﬁngﬁnhg: hg@fa ee‘ge%rféc&t:’v\g’ &’ﬁ?&eéjdb&n "’H’“P%%p‘ih %‘?10112@ ﬂl@l cohol
to provid fqdaﬁtasff%léhﬁélwwdamta&nxcammngwé la g cTURe@AcdkSwiRh dhlakdean.

Except wesufistoahething e , ]
Sof:eg \Sﬁ; aﬁc@ aglg gtgf{l@é@ Aﬂﬁs%ﬂ%?ﬁgﬁ%ﬁ&eécﬁ{ogﬁ i exarrgheéoh\i\%ﬂc

t
Loui svi | I‘é SR PR E]APIC RSN ? é’fﬁ ihr?‘%gs“ ¢P GOREN pB agwaightebasisc Hachnpereah si ze

Cof -12 +2@e{1wg(a’[ *g@ am;tattcbycmeslbﬁm 3.6 verchy: A%In@ucs-r%@ B2, ? FP%% Hﬂ#ﬁ& ins

g;g:gzv(\:o?eg'nﬂgié&?%&?cl g?cg ard rﬁ?eﬁ’hasnga;ﬁ%ﬁa TeedStock vJals 'admixed with 1soprc?1;]ylt he
coho Po provide feedstoc:f'(J having an alkanol leve] of 240 parts per million,

Except were stated otherwise, the catalyst used for the examples was a solid
phosphoric acid catalyst (C84-5-01 supplied by Sud Chemie, Inc., Louisvilie, 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 -12 420, and operated

80 apar Hurid roumdy space: velocity of 1.5 hr-l. ‘*Reactor ore “was maintained at a
‘temperature of about 172° C, and reactor two at a temperature of about 122° C, ie., a
temperature differential between the serial reactors of negative 50° C. Analysis of the
process stream is shown in Table L The reduction in the total of 2-methyl and 3-methyl
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EXAMPLE 1 | n this exanpte of the i nvention the t wo, Teactoar anigkeoedar ged

“with the solid phosphori‘c acid catalyst having particle sizes Tyler screen

mesh - 12ui2f013dyd operated 34 '- of""a''" gttid~t:lr y ' e velocity of
1.5 hr-1. WReactor one was naintained at a tenperature 3%%5%5%’117124720 C,

and reactor two at a tenperature of aboB®# 122 C, i.e., a tenperature
differential between the serial reactors of negative 50 C. Analysis of the
process st Hiéephenes Whnimmi abolaRideppm toThisout Bdip@ﬁ,}a&@ddc/ﬂoﬁ e i §h}§ogen?ﬁhpet hyl
and 3- et hyhe taidl $RTEAS 12276 PCT/ U 17154 30 thi'ophenes was
from about 254 ppm t 0 a%%%tgg% %)gsmgg%%?%i[?ﬁi%mofgé%ﬁt toggboyit 29 pRmAL 2 The
total of CEUPHIUNHeHRE Poisenty ddhggedictipnm tlodatal 4LA1 AP compbaids béfii @
reducti on efnpéfareBERONT 10° G/a5 GAHF LA ' Erol | sof all sul fur

o PR 154 BB B0 3 Themfbo s ienon o 1 o

conpoungds hling at tenperatures S
about- 5.7 %%Pe%g?teduction of 96.9 percent. COVWPARATI VE EXAMPLE In this

exanple, as in Exanple 1, the two reactors were charged with the solid
phosphoric acid catal yst havi COMPARATICESEXAMPE € screen nesh -12 +20,

~and operated at a liquid hourly space velocity of-1i5 hr' 1. However,

reactor one wa i : t erature of about 1210 C, and reactor
fwo ot ot Srper a2 oBin Bxdlple TR Rlojlcie@hster chmgedivihesolid

bet ween t ggél"r”ﬁla‘:%%%lﬁﬁf@aﬁmg pegicd sizesSllyleiGicrobnahsshi-$2 0201 £l oREAE&LSS
stream i s asBAQigid RoukBPifcs) i108y i otal of 2-npethy] and 3-
met hyl ot hi g higgés \A%Wf@cc)mvgg&g t(Bigg"?lqﬁcﬂ)Jp'rnﬁt0 %v@wé%rggeta&g; % B’B‘?ﬂ"a%{‘“i‘l@é{@tar on of
about ' 97 %‘RB%r?‘&lé%P.a €6t & arst reegior e pha tesmpenstsrer afciborr] T2°amn jdhaut 125

ppm t 0 aboemperbuASdifirgpial bawees et scan &Bctaﬁoéftaqcﬁ{rﬁg?rp ferceqhyIhecpeducti on
u S

lfur .c ounds,_ boi l.ing &
uf%f i‘gé pE%S?%W%Hbﬁ?ﬁe%’S. gré‘epfﬁﬁ?c%ﬂrlédh%ttwéhofﬁ-mhx& audod 88. 8
percent . msthd dhiophenes avasvizore xehom 254t j‘)’!ﬁnh@}&@bntoj.li@?*jr@ ul EdllcreR B aNBgS
Chan 1o By po o o S ap BF € dibbncoatVoss SRR b sbousiRropmdo ghasont
i nveni?oﬁ??ﬂgrpé’ﬁbrﬁ edHetap off 2boyeb3.Aagreest. nBhe redubtion abwbetothl b i pERGENt .
" Subst ant cahpgrinds bofiefd MEGmBEraBESUBELLRNIL 1P I vl drS LM 13&2@8&3@% or being

present i | opQrt.ion S to neasurably affect nmacros lHperti es
of an assg%?% é’c’i‘p% %8&%‘)@?’%%9@?“&%? \RFETBL-t he frequency or proportion for

25 such inpact_is not clear, substantially is to be regarded as about

twenty per cenid dpe 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
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 prbportions as to measurablyr 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 2 negligible effect on

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




* more. The term"a feedstock consisting essential ly- of |sQ4jﬁnhg@q30@§ at
| east 95 percent of the feedstock by volume. Thé term "essential l y free

of " i's defg ppsiaag absolutely except that small variatio ' ve no
nore than a negligible effect on nmacroscopic qualities Qﬁ:ﬁgﬁ&l@%utcom

are permitted, typically up to about on&l 30 percent. 24 January 2006 WO
03/ 012276 PCT/ US02/ 17154 31 TABLE | ANALYSI S OF THE PROCESS STREAM FOR

SERI AL REACTORS UNDER A TEMPERATURE DAEHERENT|I AL OF NEGATI VE 500 C. Reactor
OneReact or Two Product, Sulfur Compound Feed, ppnfFeed, ppm ppm feed53. 01615

10net hyl- mer 700 eth nerc t an29. 40. 300. 28 n- propyl
mer capt an00 ‘@?‘BL%% E%"p?fé%ﬁ ME@RZQERM REBMITORS UNDER A

mer capt an01. 671. 52 HIWBERMURE 3*%91;
2- met hyd , 2- propanet hi ol 1. 230. 180. 12 arryl msr capt ané 8 1% met hyl

sul fi de0. 850. 430. 41 carbon di sul fi de0. 230. 380. 18 20: et hy -net hyl

sul fide2.31.080.9 tetrahydrat hi ophengS 312.99. 12 t hi ophenell7.61.71
Cl -T253.585.83.1 25C2-T124.9738. 172 cggtoglme) 10 Repglprdep, 585PmIuct, C 17T s

a total ofSufurdiampoungi ophenes and 3Fewdt fyyh t hi oplFesdppm 30C2- Tﬂrﬁ a total
of C2 thiophenes. S < 110 C._is a total of all sulfur corrpounds boi i ng at

tenper at urgs, bel ow 110 C. 24 January %9%6 WO 03/012%676 32 s
10 methyl mercaptan 0.97 0 0
ethyl mercaptan 294 0.30 0.28
n-propyl mercaptan 0 - 0.37 0.20
isopropyl mercaptan 7.39 1.24 0.89
n-butyl mercaptan 0 1.67 1.52
15 2-methyl, 1-propanethiol 148 0.12 0
' 2-methyl,2-propanethiol 1.23 0.18 0.12
amyl mercaptan Y 041 0.13
methyl sulfide 0.85 - 0.43 041
carbon disulfide 0.23 0.38 0.8
20 .ethylmethyl sulfide 2.3 1.08 0.9
tetrahydrathiophene 28.3 12.9 9.12
thiophene ' 117.6 L7 I
CI-T | 253.58 5.8 3.1
25 C2T . . 12497 38.17 28.83
S<110°C. 184.06 7.58 573 -

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 compoﬁnds boiling at temperatures below 110° C.




TABLE || PCTIUSQ2/ 171 4-ANALYSI S OF THE PROCESS STREANIngzéﬁégygmd@EACTORS
UNDER A TEMPERATURE DI*FFERENTI AL OF PCSITIVE 51 0 C. 25 Sulfur
Conpound@apgi e Reactor Two Product, Feed, ppnfFeed, eed53. 0924
net hyl nercaﬁ?%ﬁ§?9700 et hyl nercaptan29. 40. 211. 25 n-proﬁ%ﬁ%&gba”°4
mer capt an00. 261. 19 i sopropyl mercaptan73390. 462. 20 n- butyl
mer capt an02. 034. 11 2-net hyl , | - propanet hi ol 1. 480. 110. 20
2- met hyl , 2- propanet hi ol 1. 230. 180. 41 anyl nercapt an00. 140. 27 net hyl
sul fi.de0. 850. 510. 62 car bon disulfideq%%gg% 0. 33 ethyl nethyl
sul fide2.31.221. 48 tetrahydrat hi ophene .210. 39 t hi ophenell7. 612. 8. 2. 38
Cl- T253. 5828. 235. 42 C2-T124.9760.3143.16 S < 1100 C 184.0616.2120.52 C -T
is a total oﬁNmsx}FTHEm@agssemﬁE%Mw}s kl}m %@Q%%&'d s a

S

total of C2 thiophen 1S t ot a
boi | i ngéat t enper at ﬁ@?ﬂﬁé%(k RENITIAQERP 31755@35\!5@3/ 012276

PCT/ US02/ 17154 33 That which is clainmed is: I. A process for the
production of products which are liquid at anbient conditions and contain
organi c sul fur conmpounds of higher nRtaeilGie wei gREadifyanvo cor esiRndi ng

B ov i g (T TSRREEh: hyc Bebhe i cRPPG! udes
10 feed 53.0 9 24
methyl mercaptan 0.97 o 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 23 1.22 1.48
tetrahydrathiophene 28.3 21.2 : 10.39
thiophene 117.6 128 2.38
25 CIT | ~ 253.58 28.23 5.42
C2-T 124.97 60.31 43.16
- S<1I0°C - 184.06 16.21 20.52

C1-T is a total of 2-methy! thiophenes and 3-methyl thiophenes.
30  €2-T is a total of C2 thiophenes.

§ < 110° C. is a total of all sulfur compounds boiling at temperatures below 110° C.
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essentially of material® boiling between about 60- C and about C. and
havi ng a ontent up to about 5,000 parts per mllion: in an initial
ontactlﬁéysﬂggéﬁat el evated tenperatures, contacting thJCrQEﬂéﬂaék 10

wi th an acidic catal yst under condition83which are effective to convert a
portion of the inpurities to a sulfur-containing material of higher

nol ecul ar wei ght through al kylation by the olefins, thereby form ng an
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eedst oc wiheDd r a crackin ocess’ 4.
The procesléfo @Iﬁgpﬁﬁ?ﬂg 8Pﬁ1? gaf G%C[n ghaut ngfn% fgagglg@?su&q F‘H&@I@d
napht ha whBBEP P@%ﬁé’@@m@us pa;tmélmm ng ba5| c nit rogen cont ai n| ng i rrpurl ties
-froma 25 na roce 5 The claim

olefin content o e fee nol ar

| -whergin
"basi s ﬁ) ag acidig calglysiundep ﬁ?fﬁliltmm gviuclgam foacbnqamjwmhsrcrt @ poiﬁhm of theess of

claim|l V\hﬁﬁ}ﬁirmds l®a @hm&ﬁhxﬁlﬁgﬁﬁfeﬁrﬂpéﬁﬁgﬂé“?ﬂo%gxgart\b&glbt't ohqlﬁlﬂkgﬁf%g cting

bout rocess of

di fferent from ithasubskqudne centhsing yeigt agdat &@ﬁpe?ﬂur%& ﬁgféastsl{)" HheonEOfesS of

ot ages, 2“? Bted"6r B HeCarl® AR 0 if e S GGt e FoBedneck 5 24
Januar: @tmg@% Mpths ipgy poduyt 1sesm Wil aoagidic setlet uﬁddﬂyﬁhditlloﬁg agent
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cat al yst e prqcess of m 8 wher el | east
one msrrbesraf Bﬂ‘gﬂF (8?‘8% 8’8*%&‘1‘ é’ﬁli“ GkyAatiosn by sthhanf:ﬂIgS f @’nbsalf@umng 40
about 5 caubsaquesnitppoduct iBeanihe process of claim 8 wherein the tenperatures

in the subsequent
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 comprlsed of a naphtha
from a thermal cracking process.

4. The process of claim | wherein the feedstock is comprised of a treated

naphtha which is prepared by removing basic mtrogen—contammg impurities ‘from a
25 naphtha prodiced by a cracking process,

5. The process of claim I wherein the olefin content of the feedstock s at
least equal on a molar basis to that of the sulfur-containing organic compounds.

6. The process of claim | 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 1 wherem the acidic catalyst of initial contacting
" stage iS différent 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




contacting stage are at-least 15 C lower than an averagez®flafuagy 2dggvat.ed
tenperatures in the initial contacting stage. 11. A’process for the
producti Soip-pducts which are liquid at anbient 10. conditions and have
a reduced sulfurccontent relative to the feedstock, whict 4454 _
conprises: providing a feedstock conpri84tng a m xture of hydrocarbons which
i ncludes olefins and sul fur-containing organic conpounds, the feedstock

‘consi st i ngconpmsedi ofl 4 hydofingaperinl anbanbin gvkieh WRIBBiARQUbaRy Go Rghabout
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20 . 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
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 _ o -
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 compﬁsed 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.
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A process for the production of products which are liquid at ambient

condmons and have a reduced sulfur content relative to the feedstock, which process
comprises:

and

20 providing a feedstock comprising a mixture of hydrocarbons which includes
olefins and sulfur-containing organic uompounds, the feedstock consisting essentially
of material boiling between about 60° C. and about 345° C. and hziving 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 10 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

" effectivertoconverta portionof the-impurities to a sulfur-containing materiat-of-higher

- boiling point through alkylauon by the olefins, thereby forming a subsequent product
strearmn;




treating the high-boiling fraction with a gaseous sourcexpfantaRyzbpegen_ at
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exhibits 32“3?’%? lity to enhance the incorporation of hydrogen into one or
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material boilinrg bet G . Land hawin sul fur
content up tg Hbout %88%@9%?}%@ to%“ﬁ,;;?*i’@%q& AR pid a?na}éSIﬁt%%@b’rshg
stage at EPBPHESIORADHEIOHE t!im!%ls selsated dromgihe lEeodpeeensistiog ofvdobhlt.anickd] di ¢
cat al yst- Mﬂj’deﬁ@m(ﬂnﬁlt@{ggteMI ch are effective to convert a portion of the

20 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




inmpurities to a sul le;_'rA-}‘cont aining material of higher boi24 Rgupgiatioet hr ough
“alkylation by the olefins, thereby formng an initial product streanm in a

subsequerjg ghfbagt | Ng stage and at tenperatures attest 10P(tq.4% 9@? _éhan an
average of the elevated tenperatures in the initial contacti % B e,

contacting at least a portion of the irf%ial product streamw th an acidic
catal yst under conditions which are 10 effective to convert a portion of
t he i.mpur iafireatetia beilingl Hetweanmaboat 60MQ. aataboincd4 501, Rhdhennd e shiintoRRLNt

t hr.ough a|%y&%bb%,@0ﬂap§p?hﬁmggget hereby form ng a subsequent product

stream and fractionating -the Su guent product streamby distillation to
provi de at | eadP andniiial eqprtacsingi siagef at abtviator tepsatatdsnepnndctiag she fagdsthaan,
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cont ai i'_ndeHEnfﬁa +h copiguRg pyaggrial 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 snlfur-rich,
fraction containing the balance of the sulfur.




