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BACKGROUND OF THE INVENTION

[0002] Catalytically cracked gasoline currently forms a major part of the
gasoline product pool in the United States and it provides a large proportion of
the sulfur in the gasoline. The sulfur impurities may require removal, usually by
hydrotreating, in order to comply with product specifications or to ensure
compliance with environmental regulations, both of which are expected to
become more stringent in the future, possibly permitting no more than about 300
ppmw sulfur in motor gasolines; low sulfur levels result in reduced emissions of
CO, NO, and hydrocarbons.

[0003] Naphthas and other light fractions such as heavy cracked gasoline
may be hydrotreated by passing the feed over a hydrotreating catalyst at elevated
temperature and somewhat elevated pressure in a hydrogen atmosphere. One
suitable family of catalysts which has been widely used for this service is a
combination of a Group VIII and a Group VI element, such as cobalt and
molybdenum, on a substrate such as alumina. After the hydrotreating operation
is complete, the product may be fractionated, or simply flashed, to release the

hydrogen sulfide and collect the now sweetened gasoline.



- 2 - [0004] Cracked naphtha, as it comes fromthe catal ytic cracker and

W t hout any further treatnents, such as purifying operations, has a

rel ati velwohogineszzsane nunber as a result of the preseneerafS2ai7ebions c
conponents. In sonme cases, this fraction may contribute as nuch as up to
hal f the gasoline in the refinery poolp_together with a significant
contribution to product octane. [0005]Hydrotreating of any of the sulfur
containing fractions which boil in the gasoline boiling range causes a
reductiongg he ol g 0 disC I i ' oct ane
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heavy fraction of the catalytically cracked gasoline so as to retain the
octane contribution fromthe olefins which are found mainly in the |lighter
fraction. [0005¢ne typlydodtreavimgentt arpnaf thecsutfor cntddiningefrattions, whivh beibvy
gasoline fraction is treated in this way. As an alternative, the
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shifted by suitable cata t selegtion, for exanple, by the yse of
nmagnesi u %eﬂﬂe‘l[bbp%rfed'%gpgaa’ oglet HELBRG é‘%xli’ﬁfeﬁpﬂoﬁél the (degrse of

desulfurization increases, the octane number of the normally liquid gasoline

boiling range product decreases. Some of the hydrogen may also cause some
hydrocracking as well as olefin saturation, depending on the conditions of the

hydrotreating operation.

[0006] Various proposals have been made for removing sulfur while
retaining the more desirable olefins. The sulfur impurities tend to concentrate in
the heavy fraction of the gasoline, as noted in U.S. Pat. No. 3,957,625 (Orkin)
which proposes a method of removing the sulfur by hydrodesulfurization of the
heavy fraction of the catalytically cracked gasoline so as to retain the octane
contribution from the olefins which are found mainly in the lighter fraction. In
one type of conventional, commercial operation, the heavy gasoline fraction is
treated in this way. As an alternative, the selectivity for hydrodesulfurization
relative to olefin saturation may be shifted by suitable catalyst selection, for
example, by the use of a magnesium oxide support instead of the more

conventional alumina.

[0007] U.S. Pat. No. 4,049,542 (Gibson) discloses a process in which a
copper catalyst is used to desulfurize an olefinic hydrocarbon feed such as

catalytically cracked light naphtha. This catalyst is stated to promote
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[0008] In any case, regardless of the mechanism by which it happens, the
decrease in octane which takes place as a consequence of sulfur removal by
hydrotreating creates a tension between the growing need to produce gasoline
fuels with higher octane number and - because of current ecological
considerations - the need to produce cleaner burning, less polluting fuels,
especially low sulfur fuels. This inherent tension is yet more marked in the

current supply situation for low sulfur, sweet crudes.

[0009] Processes for improving the octane rating of catalytically cracked

gasolines have been proposed. U.S. Pat. No. 3,759,821 (Brennan) discloses a .

process for upgrading catalytically cracked gasoline by fractionating it into a
heavier and a lighter fraction and treating the heavier fraction over a ZSM-5
catalyst, after which the treated fraction is blended back into the lighter fraction.
Another process in which the cracked gasoline is fractionated prior to treatment
is described in U.S. Pat. No. 4,062,762 (Howard) which discloses a process for
desulfurizing naphtha by fractionating the naphtha into three fractions each of
which is desulfurized by a different procedure, after which the fractions are

recombined.

[0010] The octane rating of the gasoline pool may be increased by other
methods, of which reforming is one of the most common. Light and full range
naphthas can contribute substantial volume to the gasoline pool, but they do not
generally contribute significantly to higher octane values without reforming.
They may, however, be subjected to catalytically reforming so as to increase
their octane numbers by converting at least a portion of the paraffins and

cycloparaffins in them to aromatics. Fractions to be fed to catalytic reforming,



10009] Processes for inproving the octane rating of catalytically cracked
gasol i nes have been proposed. U S. Pat. No. 3,759,821 (Brennan) discloses a
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components of the gasoline pool. They have, however, been the subject of severe
limitations as a gasoline component because of possible adverse effects on the
ecology, particularly with reference to benzene. It has therefore become
desirable, as far as is feasible, to create a gasoline pool in which the higher
octanes are contributed by the olefinic and branched chain paraffinic
components, rather than the aromatic components. Environmental regulations
related to motor fuels have produced substantial changes in refinery operations.
To comply with these regulations, some refineries have excluded the Cg
compounds from the reformer feed to satisfy the low-level benzene requirement.
A new refinery process able to alkylate benzene and sulfur compounds with the
olefins contained in the same gasoline stream would be beneficial not only to

meet benzene specification but also to comply with sulfur regulations.

[0012] A series of patents originating from Mobil Oil Corp. describe a
process for the upgrading of gasoline by sequential hydrotreating and selective
cracking steps. In the first step of the process, the naphtha is desulfurized by
hydrotreating and during this step some loss of octane results from the saturation
of olefins. The octane loss is restored in the second step by a shape-selective

cracking, preferably carried out in the presence of an intermediate pore size
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desulfurization process. This selective naphtha hydrofining process was
developed for deep hydrodesulfurization with maximum preservation of the
olefins (octane). The single stage version of the process can be used with a full
range catalytic naphtha or with an intermediate catalytic naphtha (ICN), for

example a nominal 65-175°C (150-350°F) or a heavy catalytic naphtha (HCN),



- 6 - for exanple, a nom nal 175C+ (350 F+) naphtha, or both. The two-stage
version of the process, as described in US 6231753, WD 03/048273 and WD
03/ 099963yvoadekiecds2second react or and inter-stage renovalPCofUskiGoadoBow ng
very deep HDS with very good olefin retention. The operation of this
process relies on a conbination of a hgghly selective catal yst wth process
condi ti ons designed to achi eve hydrodesul furization with m nimum ol efin
saturation. [0014] 1 n cases where the sul fur content of the naphtha is

modest angoy ekympRER HbRiAal MEPCHEqBDeE+)t ipha\Nbd Bbihg. %e%ﬁﬁsﬁge be an

attractive option. 'If severe HDS conditions are needed, it 1s generally

better toverstad of ke [pfdcess, andeseibedaineUS 628 InS8s AW Q03 /04 82X iandnWadount  of
ol ef i ns. Co-(%endi ng application USSN , claimng pri orihé fr om USSN
60/ 852, 4083/099063, addsax sedsad reacter and tinter-sthge pemowskof H2Ssallasvingwerg ul f ur

renoval fr,om napht has us zeolite catal ysts", describes a process in
whi ch t he AGFREES Wllpkeaeqod ot eianiion; odhe SPeration QBT HIRCEHS Telks ¢ o

renove sul | TR Y, | Z:ad | ypical |y
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si eve cat g ¥eHiewRpdrodesul fifiPatioh vl niifinkith/dlefin' situfatiopeci es from the
lighter, olefin-ricth portions of the naphtha to the heavy, ol efin-poor
gasol i ne. SUMVARY OF THE | NVENTI ON [ 0015] W have now devi sed a process
schenme to allqQw the_renoval of sulfic conmpounds and reduce benzene content
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N e T e AN RN R
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step in WhireédmtdepafatelyUo pRIBACNGR MAtiAiA T hbEnt of olefins. Co-pending
application USSN , claiming priority from USSN 60/852,404, filed 18
October 2006, entitled “Process for selective sulfur removal from FCC naphthas
using zeolite catalysts”, describes a process in which the cracked naphtha feed is
subjected to selective hydrofining to remove sulfur without sacrificing octane
(hydrodesulfurization typically around 85 %) followed by a downstream
alkylation a solid, acidic molecular sieve catalyst under mild conditions to shift
sulfur species from the lighter, olefin-rich portions of the naphtha to the heavy,

olefin-poor gasoline.
SUMMARY OF THE INVENTION

[0015] We have now devised a process scheme to allow the removal of
sulfur compounds and reduce benzene content of the FCC catalytic naphthas.
The FCC naphtha is fractionated into two fractions, a relatively low boiling
range, light catalytic naphtha (LCN) and a heavy catalytic naphtha (HCN) which
boils above the range of the LCN. The cut point between the LCN and HCN is
selected to maintain most of the benzene in the LCN stream. The LCN stream is

treated by an alkylation step in which the sulfur compounds and aromatic



- 7 - conpounds including the benzene in the light fraction are allcyl ated
with the olefins contained in this fraction, mainly C4 and CS ol efins. The
sul fur cownpaursds3rse converted to higher boiling al kyl atconspeosdensses whi ch
may subsequently be renoved in order to neet final product specifications
whil e the benzene is converted to al kyfaromati cs which are acceptable in
the gasoline product. In this step of the process is also possible to add
addi ti onal benzene fromother refinery processes. |If desired, the |ight
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renove nost oOf the mercaptan conpounds. [0016] The HCN stream (hi gher

boi I'i ng f obfinisoodntaimedbén shiy deictiont enainlyalQdy laatdi @5 slefinsusi Tie tshéfuel ef i ns
contained in this fraction to alkylate the sul fur conpounds and renove them
from the gempounds as¢ | sonyertadgte, higheni hailing ealkykationmeproduicts: wehich ghayr
fraction. The all ated sul fur conpounds_can then be remgved by
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al kyl ate the residual sulfur cohpounds wth the ol efins contal In the

HCN al | owifirogn btheln irgﬂilna'ylp‘rucessmol\falesiﬁ'ed,rtbsligﬂlﬂﬂaBﬁorv\maP tsubjedtéd twa oct ane
val ue reductjon. 100171The present process schene enables the

desul f uri Pealiminary, mercaptan «xtragtion nstep weyy rehiovk meesticef thhe mexcaptani on of
the olefins, either by alkylation of the sulfurous conpounds to convert

t hem i nt ocﬂmﬂ&]d%oi ling materials outside the gasoline boiling range so
that they nmay be renoved by fractionation in the product recovery step or
by extraction in a process step which does not affect the desirable, high

octane ol g0016}. TheThkICH étesans (RighaPBbilRg fractidiy Ma@hersubRictdd e &k act i on
is simlar in purpose but here there is a
alkylation step using the olefins contained in this fraction to alkylate the sulfur
compounds and remove them from the gasoline boiling range, as with the
treatment of the lighter fraction. The alkylated sulfur compounds can then be
removed by fractionation. If desired, a selective catalytic naphtha hydrotreating
step may precede the alkylation step to remove the majority (desirably, at least
90 %) of the sulfur compounds of the HCN and the alkylation process can then
follow to remove the residual sulfur. The alkylation process will alkylate the

residual sulfur compounds with the olefins contained in the HCN allowing to

high sulfur removal (almost 100 %) with small or no octane value reduction.

[0017] The present process scheme enables the desulfurization to be
carried out in a way which reduces the saturation of the olefins, either by
alkylation of the sulfurous compounds to convert them into higher boiling
materials outside the gasoline boiling range so that they may be removed by
fractionation in the product recovery step or by extraction in a process step
which does not affect the desirable, high octane olefins. The alkylation step

applied to the higher boiling fraction is similar in purpose but here there is a



- 8 - reduced concern for olefin saturation since the olefins are
concentrated in the lighter fraction. [0018] The front end of the cracked
feed, whiwb 2oes/aad2atively rich in olefins is spared thePsatuseavionzysef f ect
of the hydrodesul furization but is neverthel ess desul furized by al kyl ation
and optionally, extraction of the nercgptans. The back end, by contrast, is
relatively ol efin-poor but high in sulfur conpounds such as thiophenes and
substituted thiophenes which are not anenable to extraction by conventi onal

extractiv ' ' hai | ul e = | y
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opti onal | }ﬁgmetrtfrgtch'enj nitial selective hydrofining step. The sulfur from

t hi ophenes, substituted thi ophenes and ot her higher boiling sulfur

conpounds initially present in the higher boiling fraction, if not renoved
I ning, are subjected to a simlar type of alkylation
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compounds such as thiophenes and substituted thiophenes which are not

amenable to extraction by conventional extractive processes. This higher-

boiling, sulfur-rich fraction is effectively desulfurized by the alkylation followed

by fractionation, optionally with the initial selective hydrofining step. The sulfur

from thiophenes, substituted thiophenes and other higher boiling sulfur

compounds initially present in the higher boiling fraction, if not removed by the

initial hydrofining, are subjected to a similar type of alkylation usually in the

presence of a zeolite catalyst to convert them into sulfur compounds boiling

above the gasoline boiling range.
DRAWINGS

[0019]  Figure 1 of the drawings is a schematic of a process unit for carrying

out the sulfur/benzene reduction process.

[0020] Figure 2 is a graph showing the sulfur and conversion hydrocarbon |
yields from treatment of a naphtha with a zeolite catalyst as described in the

Example.

[0021] Figure 3 is a graph showing the hydrocarbon and boiling point shifts

resulting from the treatment described in the Example.



- 9 - DETAI LED DESCRI PTI ON [ 0022] Dependi ng on the refinery operation, there
are typically three conponents in the FCC naphtha: Light Cat Napht ha
(LCN), | nvernedicat2eé Cat Naphtha (1 CN) and Heavy Cat NaplrCharSeed@e2030he
typical LCN (nom nally C5-65C, C5-150F) fraction contains nostly light (C

| - C4) nercaptan sulfur species with | egser anounts of carbon disulfide,

nmet hyl et hyl sul fide (MES), and dinethylsulfide (DVM5S). The LCN end point is
generally set to ensure that only m ninmal anounts of thiophene (b.p. 84C,

183F) ent BHETATLED Pk SERTP typical ICN nomnally in the boiling range
of 65-175C (150- 345|gtc§nt ai’r-rﬁgﬁqrmst of the olefins of the FCC naphtha.

Nor mal hydrotreating process of this streamw || drastically affect its
octane val ue. The typical HCN nom nally boiling above 177C (350 F) usually
cont ai ns 40022%her ¢ ding joonthef refiméryr operdtibas thdre arestypicdllyi thitee sul f ur
species to renove incl udhg%pbenzot hi ophenes and substi tuted
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r ef r act or ypecibs withulessert dihoprte R TarbdiedBRIRRY haAh pletHylsul fide (MES;tahyel y be
removed fromthe Iight naght ha by extractive processes such as extractive

Mer oxTM ( divaethylsdfide (DMS). athe N eod gmintais fgenerillyyseU@Pensuratthathonly
mer capt ans .are renoved using.a regenerabl e _caustic solution) or b;fha
6 hi gher
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extracted ngr, because of its boiling - 10 - point close to other

desi r abl ebed!ﬂﬂpﬁ@ﬁes177fq (> thephesvallyreantaios a highen eondentratian tafcudfur on.
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whi ch m8j ghd AubRfifutéP Benzothiophenes. - Thus, the problems in treating the FCC
naphtha can be summarized according to the naphtha fraction: to remove
mercaptans from the light naphtha while retaining olefins, to remove benzene,
thiophene and other sulfur compounds from the intermediate naphtha again
while retaining olefin content and with the heavy naphtha, to remove sulfur
including the refractory substituted thiophenes. The mercaptan sulfur can
effectively be removed from the light naphtha by extractive processes such as
extractive Merox™ (the mercaptan extraction process offered by UOP in which
mercaptans are removed using a regenerable caustic solution) or by a mercaptan
oxidation process in which the mercaptans are converted to higher boiling
disulfides which can be remoyed by fractionation (Merox™, Caustic-Free
Merox™, Merox™ Process, Minalk™ Process from UOP are examples of such
processes) without saturating the olefins which should be retained for their

desirable effect on product octane. The benzene, however, presents a more

difficult problem in that it cannot be readily extracted nor, because of its boiling



[ 0023] According to the present invention, both the benzene and the sul fur
in the front end (lower boiling fraction) of the FCC naphtha are

ef fecti vewg 20emesxd by an al kyl ati on process whi ch usesPCcharsedoeinvneInse
contained in the naphtha fraction as the al kylating agents. Although this
results in sone olefin |oss, the benzernge. (octane - 100) is converted into
al kyl benzenes such as toluene which are of even hi gher bl ending octane
(toluene octane = 120), thereby conpensating for the | oss of olefins as

such. The paiRWlbsto otk idesFaReWHEpditnth & ﬁwhtﬁ@ﬂ%ﬁaﬁ Artiovéd byn 1S
normal |y not large since the proportion of sulfur in the Iight fraction is

fairly | odractibnatieneHdydrogenationyshotadn eptidiubecausphydidgenstésti ofibérzehe
renoved is relatively higher, a prelimnary sulfur renoval step can be
carried oliequiess quitecieVBrecasulitions whichovgwldiresult in ¢empleteraledin saturatien| i qui d,
t he al kyl at,i. o$1 converts Lphe sul fur conmpounds to higher boiling materials
whi ch can S$ubsequent fractionation step. [0024] The sul fur
in the back end (heavy napht ha fraction) can be renoved in the sane way by
an al kyl ation process in which the olefins present in the fraction serve as

the al kyl 30028] agentsccofding 6 tiidipriesént GRUERIGH Both ﬂle%eﬁi&i@aﬁd‘ﬁiersum'ﬂ ing
poi nts out of the gasoli ne range so that they can be renpved

fracti onatn ghe ifrorthend i(feverpboitingt fraetiam)eof) tisd FGHE .napBAS hie gffeetnlely hows an
illustrative un| t confi qur ation for carr}/ll ng out the_ present processing
scherre Trempves dupennhalkylasian peogess vhishuusese thees odefinse containagly uwa;aeof line
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loss, the benzene (octane ~ 100) is converted into alkylbenzenes such as toluene
which are of even higher blending octane (toluene octane = 120), thereby
compensating for the loss of olefins as such. The amount of olefin consumed in
the sulfur compound alkylation is normally not large since the proportion of
sulfur in the light fraction is fairly low. If, however, the level of sulfur
compounds needing to be removed is relatively higher, a preliminary sulfur
removal step can be carried out, as described below. Although the sulfur
remains in the liquid, the alkylation converts the sulfur compounds to higher

boiling materials which can be removed by a subsequent fractionation step.

[0024] The sulfur in the back end (heavy naphtha fraction) can be
removed in the same way by an alkylation process in which the olefins present in
the fraction serve as the alkylating agents for the sulfur compounds, to elevate
their boiling points out of the gasoline range so that they can be removed by

fractionation in the final product recovery stages.

[0025] Figure 1 shows an illustrative unit configuration for carrying out
the present processing scheme. The FCC naphtha from the main column enters
the unit by way of line 10, coming into fractionator 11 where it is split into two

fractions, a light fraction which passes out through line 13 and a heavy fraction



whi ch passes out through line 20. The light fraction passes into reactor 14
I n which the sul fur conpounds are renoved by a process step which has a

m ni mal twodersms3i2e saturate the ol efins present in thi #crrsetnrono3dhe
extractive Merox process is suitable for this purpose as noted above,

besi des being econom cal in operation,jjfhe Merox sweetening type processes
such as the M nal k process and the oxidative Merox process nmay al so be used
provi ded that a fractionation step follows in the process sequence in order

to renove f et | f ' t tg s

appl i cabl e‘;‘/ ]F)iracl) a%%@ssé fur&%gle ???at |T?)1%sggﬁg%§gﬁ n}5 %%é’éeﬁﬁ?c{g?ggng\}é Phe
benzene, twigichitihbulfiiredmpountizre semavéEby ta ot eB e éiWhi&ﬁl%soé miflink4l 2
second reactor, 15 in mhlch t he benzene |s converted to the less toxic

al | cyl benztan@cyyoasapuateeﬂﬁ: olefial lpyésent dm thidl feactionf The eixtratiivé Metokur
renoval step in reactor 14 has been omitted or the sulfur renoval has not
been conplPEOEESS tif éumm@@lr Hiis pumase a5 notadhahoues besifes beimglkgoapmcalrint hi s

Separ ot ed WYL DR MY ﬁ%@ﬁﬁ@&%ﬂ%ﬁ%’g@&?@%bﬁ? Gk meess "
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the obj eCTstepefoq)lbvsfseiﬁQMd: PEodebsédtliehté in BFRE %‘I’Crﬂ@ﬂ#é‘{h\é (ﬁ§ul’ﬁ|ﬂl':99fi'@ Bhéble
conmpounds which, being readily anmenable to alkylation, are likely to be

renoved alth@gaSOdmﬂﬁ}mmh;toblyeﬂlappheable)prddlictsm\ﬁml-dp,eci‘ﬁcaqmsmat ion to a
suitabl e end point which retains the alkylthiophenes and other alkyl at ed
sul fur species in the fraction above the gasoline fraction. If process

iti f al kyl th
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boiling fraction 1s conventionally use sel
octane i s toehe desseuio alkgltienzbivel by apidcess BRWIBRatisiEd AlSo, if tla@ initial

sulfur removal step in reactor 14 has been omitted or the sulfur removal has not

ch

been complete, the undesirable sulfur compounds may be alkylated in this step
to alkyl analogs boiling above the gasoline boiling range which can be separated

by fractionation in the common product recovery section.

[0027] The heavy catalytic naphtha (HCN) passes from the initial
fractionator 11 by way of line 20 to reactor 21 in which it is treated with the
objective of removing the sulfur, present mainly as thiophenic compounds
which, being readily amenable to alkylation, are likely to be removed almost
vcompletely by alkylation followed by fractionation to a suitable end point which
retains the alkylthiophenes and other alkylated sulfur species in the fraction
above the gasoline fraction. If process conditions are controlled in this step with
the objective of alkylating the sulfur compounds while minimizing other
alkylation pathways, the loss to the higher boiling kerosene fraction can be
minimized. As this higher boiling fraction is conventionally used in the diesel

blend pool in which octane is not a requirement, hydrotreating may be used to



renove the sul fur conpounds with the advantage that the resulting vol unme
expansion wll increase the volune of the road diesel blend pool. [0028]If
desi red twe 2posodsx2ss from reactors 15, 21 may be conbi nedtarsdoovakmao t hr ough
a comon product fractionator but in any event, fractionation of the
products will be necessary to stabilizgythe gasoline range product by
renoval of light ends resulting fromthe processing and to renove heavy
ends which m ght contribute to poor conbustion qualities and exhaust

pol lution rg tHeh sift tyh | Ll S ur ounds
pr oduced byﬂg)lv‘g;}l%t is%wrfllhﬂe c gh@gf’ﬁgéfq @prth?ed%%%%d@%r%?%éﬂg&gd‘é@?% sul fur

renoval i sexpaesiohovilltinerdasgtite volamieioinhe eoaidibsel®terd pdslt h. By appropriate
adj ustmrent of the cut point between the gasoline fraction and the fraction
boi l i ng above the gasoline range which is then sent to the catalytic

desul furi | uni t, .for. hydrogenati ve sul fur renmoval . The heavi er
fracti onsZ@h#ﬂ]ng aﬂg\fl@Sl{T{it s ITeRgforsahy e Wmayrbecenmbingdandy | at ed
sul fur co ' | i e i gher bai.ling disulfides na
subj ect ed%&ﬂgﬁﬁ r’ga‘%olfnrlllglgp Gdrﬁ@ﬁ%}ﬁa{ll@aﬁqﬂ t?‘ﬁrm C%vegg,t éﬂ&'%‘@ﬁtqbfgn is
not a factthé pyéduets W] b i 49 ; : T | et ween
the Iight ang hea\t/y frlggﬁégﬁsssagr?dﬂ?gg&gwé%&hﬁggﬁ%ﬁHq}fﬁ}a{sbggérﬂé‘égt hat
nost of thd hghtzemds fesulting8froCthé prodessin phirériols Heaipidndd whichhe
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| ower boi l ingg‘ fraction in which it can be treated to convert it to
al kyl ar ondRight cpptrihutg tepioen combustien quakities and exhavst polistionland whickeep t he

t hi ophene (b p. 84C) .in. t ier fraction Accordingly, the cut point i
Fracti onatit Hio;cortain e ightt BelTingsulfir Sorapmuns produed b gRkeistonon wi 1
whi ch th | i f et ] t_Doint. | f
these o Chesnanrar coboiRging, {odBENs Y ke BBl isafeeTntig iR 1\

will be prieictionblsulfieselr YR By apstoptiaft AiuSRRAOBE tRALySHRAR BEWRR! Y al

t he benzene goes into the light fraction even at t cost avi ng sone

t hi ophene thogesaliner fractian amd shef fractioroboilirighabidve thitdagslife rangeewhich ief
setting the cut point tog high or an - 13 - inability to nake sharp cuts.
Since an PS4y peRtiterthscafplytic dgsylfurization umit forehydrggenativgcsul Su remoyal.

t hi ophene . thig firaction gan be al kyl.ated al ong wth the
benzene al't egﬁgﬂ}l?ghfe}tél&llérmaﬁgﬂl'@ge?%%vfe oBasQliRg hgﬂ‘ﬁﬂé TAREGWIHCR (RONEAIB her
t hi ophenesitylatedSulfeR nipoanlis afd SitHpplightik! Al | i )
optim zed foy_? t hege corrp(?r’]en?ésgg%’dif{bﬁ)ﬁlllgélgé’s%gfQSﬁ@%{llFﬁ@gg%’@Flgﬁs.
avai | abl esubjetted toi yydrofreating oo rémovelthey |sﬁlﬂ1ﬁ§i1k9%d?éﬁ{bzﬁﬁ@ntidprFM6{)a if the
benzene cgontent of the cracked naphtha is not too high, there nmay be
suf fi ci enfa@dprewithdhehighsnbotlingpraductsi th al | the benzene as wel | as
t hi ophene carried into this stream
[0029] The cut point between the light and heavy fractions produced by
fractionator 11 is set so that most of the benzene (b.p. 80.1°C) in the FCC
naphtha is retained in the lower boiling fraction in which it can be treated to
convert it to alkylaromatics by alkylation. At the same time, it is desirable to
keep the thiophene (b.p. 84°C) in the heavier fraction Accordingly, the cut point
in fractionator 11 is set between 81° and 84° C; depending on the precision with
which the fractionator is capable of meeting cut point, more or less of these two
components may be found in one or both streams. Generally, it will be
preferable to set the cut point high enough that substantially all the benzene goes

into the light fraction even at the cost of having some thiophene come over into

this fraction with it, either as a result of setting the cut point too high or an



Li ght Fraction Non-Hydrogenative Desul furization 10030] As noted above, the
light fraction is first routed to an optional desulfurization step in which
mer capt arweubdésus3izs renoved non- hydrogenati vel y i n or dePCrasSpreoese

ol efins. The Merox process for mercaptan extraction is a very suitable
option here but, as noted above, sweetpni ng processes which convert

mer captan sul fur to higher boiling sul fur conpounds which can be renoved
fromthe gasoline fraction in a final fractionation step are al so options.

Qt her  ner ¢aViky ©XhaRE thap dUtOC SHfRSar %ldﬂﬁ)}ﬁ $0€p Usedtriall dubion teilfphti ncl ude
t he Exomer TM Process (DoconMobil), the rifiningTM Process, the ri cat

JJTM Pr oc ésstiengdanyhihidjilienk orduglitrintoethis {rvetiore bambatkydatgd aldtigpowiththe of
this type are well-established comercially and, appropriate operating

condi t i on¥enzenegdthough dhge ispy pretosercs for allpilating iavish theghighes théophemes
exanpl e, iLn WQ2/102935. and. WOO 02936. [0031] Mercaptan extraction
or ocesses 1B the %Bﬁyt%a‘g%%lcﬁeaﬁ%éﬂﬁgﬂ SC.O"%%O'E‘]f Fan ﬁ’&negtlﬂfzeldh I HeSept ans
removal i s 9 95%
ool | SoPHl A LTS AN AR 0N b BRI 6
sul fur spealkydsting thel BedizBk. "EloWAVeR 1 theSbériZefl€ cdffént of the cracked naphtha

is not too high, there may be sufficient olefins present to react with all the

benzene as well as thiophene carried into this stream.

Light Fraction

Non-Hydrogenative Desulfurization

[0030] As noted above, the light fraction is first routed to an optional
desulfurization step in which mercaptan sulfur is removed non-hydrogenatively
in order to preserve olefins. The Merox process for mercaptan extraction is a
very suitable option here but, as noted above, sweetening processes which
convert mercaptan sulfur to higher boiling sulfur compounds which can be
removed from the gasoline fraction in a final fractionation step are also options.
Other mercaptan extraction processes that may be used at this point include the
Exomer™ Process (ExxonMobil), the Merifining™ Process, the Mericat II™
Process and the Thiolex™ Process (Merichem Company). Processes of this type
are well-established commercially and appropriate operating conditions are well
known. Processes of this type are described, for example, in W002/102935 and
W002/102936.

[0031] Mercaptan extraction processes are good to remove mercaptans.
The efficiency of the mercaptans removal is good for C; and C4 mercaptans
(around 100%), around 90 to 95% for Cs mercaptans and it is around 70 to 80%

for higher boiling point sulfur species, including mercaptans, sulfide and



- 14 - disulfide conpounds. The al kyl ation of sul fur conmpounds will nore
efficient for heavier sulfur conpounds. For this reason, the conbination of
t he extr awDI2008/06§y3268 process plus the al kyl ati on process POaRIS2007022030 NOr €
efficient process. Benzene Al kylation [0032] The benzene renpval step which
may al so be used to renove sul fur conpdunds is carried out as a fixed-bed
allcylation using a nol ecul ar sieve catalyst, preferably a zeolite. The
benzene in the light naphtha feed is al kylated by the olefins present in

t he feedsdisalfideochinpodsy Thealigilagen vhbelfuraésnpaaristveitl moré effivdentrfoguct
fromthe viewpoint of toxicity. Gven that the olefins in the Iight naphtha
fracti on heaviet bulfiovempoundse, Fan thiscreasong the donebinatidro of thetextraction he
aromatics will occur but the products will normally remain in the gasoline
boi | i ng rmdarasessﬂgvsGneqlb%laﬁ%prwswr@géﬁfora?f@oeseﬁfmer@a)rec@si ns. Anot her
consequence of the alkylation is an inevitable volunme decrease
proportionate to the anount of benzene indicating that the reaction may be

favored bBeh?@né‘f&?ﬂBtiﬁHperat nospheri c pressure; because, however, it is
normal |y preterre 0 operate at pressures close to atnospheric for reasons

of econony a significantly higher pressure regime which would favor
equi libriumtowards the alkylation will not normally be utilized. The
all cyl ati 032111 nodhal benzore gemoivel stept whidte madyoratso he wsednter eembwn

VI Tyl ot  oRLTITSasaRA s SAHstedh it 8 opied e haA ORI TR FUAIFUIBEIgBPen dent

on unit Ceﬁﬁf)fsﬁi]ﬂgfer%ﬁ/ a zeolite. The benzene in the light naphtha feed is alkylated
by the olefins present in the feeds to produce alkylaromatics which are
acceptable in the product from the viewpoint of toxicity. Given that the olefins
in the light naphtha fraction are all above butane, an increase in the carbon
number of the aromatics will occur but the products will normally remain in the
gasoline boiling range as most of the olefins present are C5 and C6 olefins.
Another consequence of the alkylation is an inevitable volume decrease
proportionate to the amount of benzene indicating that the reaction may be
favored by the use of superatmospheric pressure; because, however, it is
normally preferred to operate at pressures close to atmospheric for reasons of
economy a significantly higher pressure regime which would favor equilibrium
towards the alkylation will not normally be utilized. The alkylation will
normally be carried out, therefore, at no more than moderate pressures as well as

at relatively low temperatures.
Benzene Alkylation - Process Parameters

[0033] Pressures will normally be dependent on unit constraints but
usually will not exceed about 10,000 kPag (about 1450 psig) with low to
moderate pressures, normally not above 7,000 kPag (about 1,000 psig) being

favored from equipment and operating considerations although higher pressures .



usually will not exceed about 10,000 1cPag (about 1450 psig) with low to
noderate pressures, normally not above 7,000 kPag (about 1,000 psig) being
favored fwormesgusysent and operating considerations altirougis26u7gbmso
pressures - 15 - are not unfavorable, as noted above, in view of the

vol ume change in the reaction. In nostjgases, the pressure will be in the
range of 2000 to 5500 kPag (about 290 to 800 psig) in order to make use of
exi sting equi pnent. Space velocities can be quite high, giving good

catal yst u4d Inof alnfaPoraBRACH NEteAChbOHRS Al Gie’@@rdfaiﬂeyvbfihn{é‘%\l}ég?? Qhe0- 5 O
5 hfl WHSV for the olefin feed, in nost cases, 1 to 2 hr4 ; [a)p_tl_rrum
condi t i ongeautipnbelndmbst cdasegcthe ppessurabily bedanhe damge 6H206® b 500 &Pagi on,
catal yst aging and unit constraints. [0034] Two factors affecting choice of
t enper at u@bayt| 29 éo 308 psigh ie rdersta makeanst ofi existing fqlilpmlht.ulrSpmd ot {1_er
Impurities. The sul fur acts .as a. catal yst paison at relatively |ow reaction
t gp nper at u W@QCIQ%?%BF )ﬂ“étﬁolugﬁ’lgb@}g 1&99‘51 H%ﬁgalygl wilization. | Spagecvelpeities at
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[0034] Two factors affecting choice of temperature will be the feed
composition and the level of sulfur and other impurities. The sulfur acts as a
catalyst poison at relatively low reaction temperatures, typically about 120°C,
but has relatively little effect at higher temperatures about 180°C or higher, e.g.
200°C, 220°C, so that the preferred temperature regime is above about 150°C,
with temperatures above 180°C or higher being preferred, e.g. 200° or 220°C or
higher. In general terms, the temperature will be from about 120° to 350°C
(about 250 to 660°F) and in most cases between 150° and 250°C (about 300 to
480°F).

[0035] Operation may take place under vapor phase, liquid phase or
supercritical phase conditions (reactor inlet).  Frequently, mixed phase
conditions will prevail, depending on the feed composition and the conditions
used. At the reactor outlet, liquid phase will prevail under normal conditions
with the product including significant proportions of Cg, C,o and higher
hydrocarbons. Vapor phase and liquid phase processes with preferred process
configurations and process conditions are disclosed in co-pending, concurrently
filed patent applications U.S. Serial Nos. 11/362,139 and 11/362,255, both filed
27 February 2006, (claming priority from Applications Ser. Nos. 60/656,946 and
60/656,945), entitled “Liquid Phase Aromatics Alkylation Process” and “Vapor



[ 00351Qperation may take place under vapor phase, |iquid phase or
supercritical phase conditions (reactor inlet).Frequently, m xed phase
condi t i onsownddioeps2evai |, dependi ng on the feed conposit iPom/tsaeh7i0km30
conditions used. At the reactor outlet, liquid phase will prevail under
normal conditions with the product inclgudi ng significant proportions of Cg,
C10 and hi gher hydrocarbons. Vapor phase and |iquid phase processes with
preferred process configurations and process conditions are disclosed in
co- pendi NGha&ONEImARSs! WIkylafidnPProctss Pl ivefith ORFelénSe Sehade Mof-a

11/ 362, 139 and 11/ 362, 255,  both filed 27 February 2006, (clamng priority
from Appl destription ddeheseNroces363.656, 946 and 60/ 656, 945), entitled "Liquid
Phase Aromatics Al kylation Process" and "Vapor - 16 - Phase Aronatics

Al'l cylation Process” to which reference is nade for a description of these

ensenc, 19038, "be Hodie BaPuhA Jracafphof oS efasoortiinad oZaheadg ¢
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The ratio between the total olefin and aromati'c feed conponents is normally

chosen t otleat hilev eesuiing ealky baomatic eprodabise bave ethef 1deerz easbore durmbears
al though if this Erocess step is used also to reduce sul fur, additional

ol ef i n_ magharactesigtic rafcthe yseferad gasoling jaspmaties: (Iher watior betweendthe itatahed
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process objective of benzene reduction although if this process step is used also

to reduce sulfur, additional olefin may be required. Optimal conditions may
therefore be determined empirically depending on feed composition, available

feed rates, product objectives and unit type.

Benzene Alkylation — Catalyst

[0037] The catalysts used in the alkylation contain, as their essential
catalytic component, an intermediate pore size molecular sieve. The
intermediate pores size molecular sieves are a well established class and may
comprises zeolites such as the aluminosilicate zeolites or other metallosilicate
zeolites such as the aluminophosphosilicates and the aluminophosphates. The
aluminosilicate zeolites are, however, preferred from the viewpoint of their
catalytic activity and stability. =~ Examples of intermediate pore size
aluminosilicate zeolites which may be used are ZSM-5, ZSM-11 and ZSM-12.
The more highly constrained intermediate pore size zeolites such as ZSM-22,
ZSM-23 and ZSM-35 will not normally be preferred since their constrained pore
structure does not allow the reactants and reaction products to access or to leave
the internal pore structure of the zeolite. A highly favored class of intermediate

pore size zeolites are those of the MWW type. The MWW family of zeolite



Benzene Al kylation - Catal yst [0037] The catal ysts used in the allcylation
contain, as their essential catalytic conponent, an internedi ate pore size
nol ecul arwei2essx63dze i nt er medi at e pores size nol ecul ar siPevas2ero223nel |
established class and may conprises zeolites such as the alum nosilicate
zeolites or other nmetallosilicate zeoljtes such as the

al um nophosphosi licates and the al um nophosphates. The alum nosilicate
zeolites are, however, preferred fromthe viewoint of their catalytic
activity anstefiafsbitast ¥chiB¥@dMieesgmitiohNhs" ARhat rikfica Fdfennk | cate
zeolites which may be used are Zgﬁl\l/Elgfl %%Mﬂﬁhgng %gﬁl\/l?%?r%‘lﬁ'ﬁe%e I ghly
const r ai netruchirewtddh preseptsrunique end énteidsting atallytis peopettzes. TiRVMEW WNd

ZSM 35 will not nornally be preferred since their constrained pore
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later recognition that the family is currently known to include a number of

zeolitic materials such as PSH 3, MCM-22, MCM 49, MCM 56, SSZ 25, ERB-

1, ITQ-1, and others. Lobo et al. AIChE Annual Meeting 1999, Paper 292).

[0038] The relationship between the various members of the MCM-22
family have been described in a number of publications. Three significant
members of the family are MCM-22, MCM-36, MCM-49, and MCM-56. When
initially synthesized from a mixture including sources of silica, alumina, sodium,
and hexamethylene imine as an organic template, the initial product will be
MCM-22 precursor or MCM-56, depending upon the silica: alumina ratio of the
initial synthesis mixture. At silica:alumina ratios greater than 20, MCM-22
precursor comprising H-bonded vertically aligned layers is produced whereas

randomly oriented, non-bonded layers of MC-56 are produced at lower



famly have been described in a nunber of publications. Three significant
menbers of the famly are MCM 22, MCM 36, MCM 49, and MCM 56. Wen

i nitiall yweyntsnesizzed froma m xture including sources eT4aiskéocmz20aé um na,
sodi um and hexanet hyl ene inmne as an organic tenplate, the initial product
will be MCM 22 precursor or MCM 56, dggending upon the silica: alumna
ratio of the initial synthesis mxture. At silica:alumna ratios greater
than 20, MCM 22 precursor conprising H bonded vertically aligned |ayers is
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It has been found that the MCM 22 may be er use res that 1's, not

havi ng bestrugtoryi olis|the yatehtalitepataret MEM-22ris aldseribed ImGUAS PaastnNoat ed
MCM 22 nay be used. Regenerated MCM 22 may be used after it has been used
in any of 494,322t a3 wellcaspinote$ sB259 6?7Mﬁi28l4 648 and 838242, MCM-49liisig t he

Cuen: mul | AECEDEAGBAS S S 7SV 3 B0 Sl and M- b2 Vst o

whi ch havg ? 7ously been used in other commercial processes and for which
they are no bnger acceptable, for exanple, MCM 22 catal yst which has
previ ously been used for the production of aromatics such as ethyl benzene
or cunene, normally using reactions such as allcylation and
transal ky[@039pn. Th&he preferedzodliti¢ materia | for yseain the)capalpstasfthe prebeacr i bed
in US. Patent No, US 4992606 gKushnerl ck et al). Ethylbenzene production
pr ocessespProcegis MCM-22 although zeolite MCM-49 may be found to have certain
advantages relative to MCM-22. 1t has been found that the MCM-22 may be
either used fresh, that is, not having been previously used as a catalyst or
alternatively, regenerated MCM-22 may be used. Regenerated MCM-22 may be
used after it has been used in any of the catalytic processes for which it is
suitable, including the present process in which the catalyst has shown itself
remain active after even multiple regenerations. It may also be possible to use
MWW catalysts which have previously been used in other commercial processes
and for which they are no longer acceptable, for example, MCM-22 catalyst
which has previously been used for the production of aromatics such as
ethylbenzene or cumene, normally using reactions such as alkylation and
transalkylation. The cumene production (alkylation) process is described in U.S.

Patent No. US 4992606 (Kushnerick et al). Ethylbenzene production processes



are described in U S. Pat. Nos. 3,751,504 (Keown); 4,547,605 (Kresge); and
4,016, 218 (Haag); U.S. Pat. Nos. 4,962, 256; 4,992,606; 4,954, 663;

5, 001, 295voanek/ w3243, 501 descri be al kyl ati on of aromati ectarspaane3n t h
various al kyl ating agents over catal ysts conprising MW zeolites such as
PSH 3 or MCM 22. US Patent No. 5, 334,7fp_ describes the |iquid phase

synt hesi s of ethyl benzene with MCM 22. As noted above, MCM 22 catal ysts may
be regenerated after catalytic use in these processes and other aromatics
producti o IS GRS 0 b&N8h7 53150408 SRV k hm,lar to
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For use in the present process, the level of MCM22 in a finished matri xed

cat al yst Wodesses by wonsentjorial gvis pRidadiontechniquesesighidar tnthdsa usedtwithses
from25 to 65 % wei ght. In manufacture of .a matri xed catal yst, the
active i né’?@iéf‘?ﬁ%?ﬁaﬂﬁﬁpi @PV?“‘[‘)‘H‘ I yidgtion techniquas, are hitaple ysi ng
an aqueou i t i t whi ch the active
conponent %}%&%@ﬁéﬁé@ﬁg E(heaér]‘lgal&?(t% ?al%ggsflﬁ%dtg%ékmgﬁcgggs hape, for exanple,

cylinders, hollow cylinders, trilobe, quadlobe, etc. A binder material such
as clay may be added during the nulling in order to facilitate extrusion,

i ncrease {040t r engiih additionetofthe MWW ativei comipainent, ahe aamdlyises foeniserin ot her
desirable solid state properties. The anount of clay will not normally
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after use in the present, process results in only a nodest activity |oss,
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reconditioning treatnment using water or a mldly



-21 - alkaline solution, for exanple, a dilute solution of amoni a or

sodi um carbonate. Treatnent with water al one at anbi ent tenperatures has
been foumsiotoosne3xasfecti ve: the air-regenerated catal ystrcraSeaaloemsand t hen
imersed in a water bath after which it is dried and returned to service.
The reconditioning treatnment nmay be cojfinued for the enpirically

determ ned tinme which results in an inprovenent in catalyst properties. It
is theorized that the reconditioning treatnent enables the silanol groups

on the sugf@pRi Nell-BBud®ehtalyRtd lt@ﬂl&"tﬁféf}pfe'??x‘i'e(f‘fc; & uﬁﬁ’tﬁufde&eé]ﬂﬂé’xt\;ﬁi@gh -

treatment w t’h a consequent ‘restoration-of catalytic properties

f avor abl e catabgss), R ipy cathlystsawhvhady slot @bt acsepacdtelyl £dded matrieoh
catal yst. [0042])A guard belggtmay be used ahead of the beds of al kylation

cat al yst bmdlerjmatesiali, awi usefubrandl maybbet produged hyatth¢ yextrusied nmethode
al kyl ation reactor a mat t er of rating convenience hut this_ is not
required: gp$cr i F’édaacf\loPﬁbrN@at‘hﬁgggléf t@o?"g‘&h reterenseove Bade o nant s
fromthe f . , cal,l cheaper quard bed.s ent, e. a used
catal yor PESTRIRN JioHY mbrBY R of e sRTARES pRbBicts BBIRRLRY sk Theog 1 s
to renovepidifod ABicHBeAMER: Eh rdfcs RAVIARE higiRohst AR the
reaction cae?al yst§ a{]Bdeagt'Povi ge%%]g)? thiésg i?la%ﬁlll%veg, tﬁﬂgr 'S n{%ﬂbe vari ety
of choi cebaprodugdaonl cbrdentivnal yxﬂrﬁsiaméqoimﬂérttiamsad&ediugm ah¢ methedd. The
vol ume of the guard bed will normally not exceed about 20% of the total
catal yst eemjasinihyeswiablédon praducia tenbighl astivatyi self-bornd datalyster Fhei on
[0043] During,this part,of the process, a nunber of chani sti cal |
di 11 ot ent CRBNEH produced, gx@wﬁ@gpﬁwn@oﬁatg apdesiribed 1l -Bg Rat-aBO- wi 11 be

4,582,815, with water to a solids level of 25 to 75 wt% in the presence of 0.25 to

10 wt% of basic material such as sodium hydroxide. Further details are to be

found in U.S. Pat. No. 4,582,815. Generally, the self-bound catalysts can be

characterized as particulate catalysts in the form, for instance, of extrudates or

pellets, containing at least 90 wt. pct., usually at least 95 wt. pct., of the active

zeolite component with no separately added binder material e.g. alumina, silica-

alumina, silica, titania, zirconia etc. Extrudates may be in the conventional

shapes such as cylinders, hollow cylinders, trilobe, quadlobe, flat platelets etc.

[0041] As noted above, MCM-22 and other catalysts of this family may
be regenerated after catalytic use for example, in the present process or in the
cumene, ethylbenzene and other aromatics production processes, with the
regeneration carried out by conventional air oxidation techniques similar to those
used with other zeolite catalysts. Regeneration of the catalyst after use in the
present process results in only a modest activity loss, with the catalyst
maintaining more than 95% of fresh activity after the first regeneration. Even
after multiple regenerations, a reasonable and acceptable level of activity is
retained. The catalyst has been found to maintain more than 80 % of fresh
activity after 6 regenerations. Following the air oxidation, the catalyst may be

reconditioned by aqueous reconditioning treatment using water or a mildly



al kyl ati on and transal kyl ati on reacti ons between the benzene fromthe feed,
the al kylaromatics fornmed in the process and the ol efins present in the

f eed t ogewbenosmesdzsany added ol efins. These reacti ons wpCli/yse@donios@at e
significantly over the - 22 - minor degree of olefin oligonerization which
may take place since the aromatics are@ieadily sorbed onto the catal yst and
preferentially' occupy the catalytic sites nmaking olefin self-condensation
reactions less likely to occur as long as sufficient aromatics are present.

Reaction gpRatific 2861utib! fofly 8adthplel oD Sdiflfté a5b18116n abF CarhMoRia dbr Q6Hium
ol efin-aromati c reactions. Sonme cracking may be expected to take place over
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effecting al kylation; normally the formation of polyal kyl ated products such
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[0042] A guard bed may be used ahead of the beds of alkylation catalyst
and, if used, will normally be the same catalyst used in the alkylation reactor as a
matter of operating convenience but this is not required: if desired another
catalyst or sorbent to remove contaminants from the feed may used, typically a
cheaper guard bed sorbent, e.g. a used catalyst from another process or alumina.
The objective of the guard bed is to remove the contaminants from the feed
before the feed comes to the reaction catalyst and provided that this is achieved,
there is wide variety of choice as to guard bed catalysts and conditions useful to
this end. The volume of the guard bed will normally not exceed about 20% of

the total catalyst bed volume of the unit.
Benzene Alkylation - Product Formation

[0043] During this part of the process, a number of mechanistically
different reactions take place. The principle reactions taking place will be
alkylation and transalkylation reactions between the benzene from the feed, the
alkylaromatics formed in the process and the olefins present in the feed together

with any added olefins. These reactions will predominate significantly over the



[0045] As noted above, the allcylation may also be effective to alkylate
certain sulfur species which have not been renoved in any initial sulfur
renmoval swepoosAleBzsati on does not, however, convert thePsuiUsaso7ie208mor gani ¢
formbut rather, effects a boiling range conversion to higher boiling
products which can be renpved subsequepply in a fractionation step in the
same way that oxidized sulfur species (disulfides) froma sweetening
treatment are renoved in order to neet product sulfur specifications. - 23
- Heavy Frififor @egtRUIEHE oliBbmePiRhG6H Wlﬁclpﬂlakhﬁké pRRE SRitE the Ff&ﬁatﬁ%avy
naphtha fraction’is to remove sulfur and to this ehd an allcylation process
simlar tareheadilssatbed tonta thee Catglyst ndipréferentiallgfdoenpy the catabytiusitesr
conpounds present in this fraction are mainly thiophenes and their

reacti vi tynalangapkyﬁnatsplrfrpq@emagwns@eacﬂ@nstkrﬁs/ likedy atst qccubeas[ dong e -

conpl et el almost so. by this treatnmenf,. The process paraneters used in
th(rarp al kyl XFP?%WE{TE?{O l°§iyﬁfq aPTeENY hoseREASPD rafese a&!dz ﬁWB&Y’%ﬁ‘%ﬁS used
with the |4 [ [ } : t t e

opt i m zed A e dith, £f%r UEREE oTh-BRHC (RRChBhe, SBe PRERROYS
fraction. Beledgtofed@Viakt/flad¥ O¢@Stetatdly WA e ToRaToP OFIGREr badRhTent of
the entire feed range. Optimum conditions may be determned enpirically,
dependi ng nimberespeciespoapablenof effeatingt alkglatignanmbrimaily e Formativrs .of The

al kyl ation rocess will work with this fraction w thout octane |oss,

possi bl y \Rofyplkylatedoprodyets; susheassdurgne (vadasirebler becausoof dts higbimelting

[0047] As Vﬂoﬁxﬂ) ti? %olt'agpntobflér%?t Watgve?'rt?lleli%gﬁlreﬁ rrrllce)ghar}ﬁ(sdnrlg eg, (;wvgver, a

range of alkylaromatic products can be expected with varying carbon numbers.

[0044] The objective norinally will be to produce fuel products having a
carbon number no higher than 14 and preferably not above 12 since the most
valuable gasoline fuel hydrocarbons are at C;-C,, from the viewpoint of
volatility including RVP and engine operation at varying conditions. Di-and tri-
alkylation is therefore preferred since with the usual C,, C; and C, olefins and a
predominance of benzene in the aromatic feed, alkylaromatic products with
carbon numbers from about 10 to 14 are readily achievable. Depending on the
feed composition, operating conditions and type of unit, the product slate may be
varied with opﬁmum conditions for any given product distribution being

determined empirically. |

[0045] As noted above, the alkylation may also be effective to alkylate
certain sulfur species which have not been removed in any initial sulfur removal
step. Alkylation does not, however, convert the sulfur to inorganic form but
rather, effects a boiling range conversion to higher boiling products which can
be removed subsequently in a fractionation step in the same way that oxidized
sulfur species (disulfides) from a sweetening treatment are removed in order to

meet product sulfur specifications.



desul furization may be carried out so as to preserve feed olefins for the
al kylation. Wth this fraction, however, the sel ective naphtha hydrofining
process deecnisnssd2sn vari ous patents including US 59851861T/US0602H384; US
6231753; 6409913; US 6231754; US6013598; US 6387249; US 6596157 is
particularly useful. The ExxonMbil sejgctive napht ha naphtha hydrofining
process, SCANf i ni ngTM whi ch i ncorporates aspects of the processes described
in these patents, is commercially avail able from ExxonMobil Research and
Engi neeri ng Conpany and is an excellent choice for this application since
It is nore capable of renoving the higher boiling sulfur conpounds in the
HCN t han . tHheaviydiractioal yti ¢ nercaptan extraction processes which are nore
effective in renoving the nmercaptan sulfur fromthe LCN wit hout significant

octane loss in - 24 - the fraction. By contrast, the thiophenic sulfur
conpounds j he H are a nable t o renoval k Iatlon W|th t he napht ha
ol efins, m@@bl y W BEtEYFeO ﬂ)@rfé%?é@eahefﬁwﬁ figctien
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process, the conbi ned sequence of the Inindg unit up toi1ts o mal

| evel for manlyotiésphehes aadthein rdfath&ttyvtbr alkytaticnR highSo thadthe§Sar¥oaphs,
foll owed by renoval of residual sulfur in the alkylation reactor wll
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obt ai n pr tpewdy, dbé ppodess ,as o whobyg acliiewés eptimat reatm@rcoff theagritize feedxanpl e
range. Optimum conditions may be determined empirically, depending on feed
composition, catalyst aging and unit constraints. The alkylation process will
work with this fraction without octane loss, possibly with some octane increase

due to isomerization of olefins.

[0047] As with the light fraction a preliminary non-hydrogenative
desulfurization may be carried out so as to preserve feed olefins for the
alkylation. With this fraction, however, the selective naphtha hydrofining
process described in various patents including US 5985136; US 6126184; US
6231753; 6409913; US 6231754; US6013598; US 6387249; US 6596157 is
particularly useful. The ExxonMobil selective naphtha naphtha hydrofining
process, SCANfining™ which incorporates aspects of the processes described in
these patents, is commercially available from ExxonMobil Research and
Engineering Company and is an excellent choice for this application since it is
more capable of removing the higher boiling sulfur compounds in the HCN than
the non-catalytic mercaptan extraction processes which are more effective in

removing the mercaptan sulfur from the LCN without significant octane loss in



[ 0049] The effectiveness of the alkylation step for renoving sul fur fromthe
gasoline fraction was denonstrated using a narrow cut internediate (C6 -
cat al yti cwoapdstdsas2sr acti on cont ai ni ng 49% ol ef i ns, 12% aCOM®20009220360 wppm
sul fur. The nitrogen content was reduced to about 1 wppm by treatnent with
an ion exchange resin (AnmberlystTM angyal um na. This fraction was passed
W thout treat gas over an MCM 49 catalyst diluted 4:1 with inerts, in an
upfl ow reactor. The pressure (total system gauge) was held at 6200 kPag
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Product Recovery and Treatment

[0048] After treatment in the alkylation process modules, the two naphtha
fractions are recombined for recovery of the product gasoline. Stabilization to
remove light ends formed in the processing is typical as well as fractionation to
separate the gasoline from heavier fractions formed in the alkylation step and
any higher boiling sulfur compounds formed in the sweetening step (if used). At
this time, the product specifications need to be observed in order to obtain proper

flash point, boiling point and other specifications.

Example

[0049] The effectiveness of the alkylation step for removing sulfur from
the gasoline fraction was demonstrated using a narrow cut intermediate (Cg — Cs)
catalytic naphtha fraction containing 49% olefins, 12% aromatics, 360 wppm
sulfur. The nitrogen content was reduced to about 1 wppm by treatment with an
ion exchange resin (Amberlyst™) and alumina. This fraction was passed
without treat gas over an MCM-49 catalyst diluted 4:1 with inerts, in an upflow
reactor. The pressure (total system, gauge) was held at 6200 kPag (900 psig)



1. A process for the renoval of sulfur conpounds and benzene of a
catalytically cracked petrol eum napht ha conpri si ng benzene, organic sul fur
conmpoundswendosaleaf2sns, whi ch conprises: Fractionating tkreTarsaakecosapht ha
into arelatively low boiling range, olefinic, light catalytic naphtha
(LCN) and an ol efinic heavy catal ytic.pgaphtha (HCN) which boils above the
range of the LCN the boiling ranges of the LCN and the HCN bei ng defined by
a cut point selected to maintain nost of the benzene in the cracked napht ha

i h b - N blpl .
in the L%O%ﬁw%reld’&tzhat% Y 'tﬂ? Fégg?él‘atdrb Rias! Gl %‘fvc té}@lﬁetrl\lfene in

Subj ecting the LCN to fixed bed a atiron step In

the LCN i scoakdecof thiceld day turt Bering efhicls 2anassebal@ttes wérbitakdn' @dchi duy. t A
produce an al kyl ated benzene LCN fraction; Subjecting the HCN to anot her
fi xed bed Bl7PEy (320°6r) prodpcufinegon masdakén and thesuifurecoriversibn frdmahisi on to

allcylate fhe, sulfur conpoynds, form ng al kyl ated products which boil above
t he gasol iéf%?“l?&i ﬁpﬁq&n;%elﬁ}gu@n 2a5hQws éb@dﬁ'!ﬁj seliur qopversion: ogh ofothep

e SRR nE s Rl el it B bt s
o e SRR SRS e TRV SOPCET TS el 7, ¢
a mer capt digovei dashiows she hydeocaeboterand mbsitiapt poiat tsQiftd sedultiseFrom the

treatment at a temperature of 185°C (365°F) attained at end-of-run when Mass

Balance 22 was taken after 11 days of operation; it shows that while the shift in

boiling point of the hydrocarbons is relatively limited (compare the boiling point

shift between lines “Feed FID” and “Balance 22 FID”), a significantly greater

shift in the boiling points of the sulfur species is obtained (compare the boiling

point shift between lines “Feed SCD” and “Balance 22 SCD”), demonstrating

that a subsequent fractionation will be readily capable of separating the alkylated

sulfur compounds from the hydrocarbon components.



- 27 - 6. A process according to claim1 in which the LCN and the HCN
are subjected to alicylation over separate fixed beds of zeolite

al kyl ation catalyst. 7. A process according to claim®6 in which the
LCN is subjected to allcylation over_ggzeolite al kylation catal yst
conprising an internedi ate pore size zeolite. 8. A process according
toclaim7 in which the LCN is subjected to al kylation over a zeolite
al kyl ation catal yst conprising ZSM5 or ZSM12. 9. A process
according to claim7 in which the LCN is subjected to allcylation
over a zeolite alkylation catalyst conprising a zeolite of the MW
famly. 10. A process according to claim9 in which the zeolite of
the MW famly conprises MCM 22 or MCM49. 11. A process according to
claim1l in which the allcylated LCN fra€liAdMSand the allcyl ated HCN
fraction are fractionated to renove benzene al kyl ati on products
formed in the al kylation steps boiling above the gasoline boiling
range. L, A process for the removal of sulfur compounds and benzene of a catalytically

cracked petroleum naphtha comprising benzene, organic sulfur compounds and olefins,
which comprises:

Fractionating the cracked naphtha into a relatively low boiling range, olefinic,

 light catalytic naphtha (LCN) and an olefinic heavy catalytic naphtha (HCN)

which boils above the range of the LCN the boiling ranges of the LCN and the

HCN being defined by a cut point selected to maintain most of the benzene in the

cracked naphtha in the LCN together with olefins in the boiling range of the LCN;

Subjecting the LCN to a fixed bed alkylation step in which the benzene in the
LCN is alkylated with the olefins contained in this fraction to produce an

alkylated benzene LCN fraction;

Subjecting the HCN to another fixed bed alkylation step using the olefins
contained in this fraction to alkylate the sulfur compounds, forming alkylated
products which boil above the gasoline boiling range in an alkylated sulfur HCN

fraction.

2. A process according to claim 1 in which the LCN is subjected to a preliminary

non-hydrogenative desulfurization step.

3. A process according to claim 2 in which the desulfurization step comprises a

mercaptan extraction step.

4. A process according to claim 2 in which the desulfurization step comprises a

mercaptan oxidation step to convert mercaptans to disulfides.



12. A process according to claiml in which the FICN is subjected to
a prelimnary non-hydrogenative desul furization step before the

al kyl ation step. 13. A process according to claim12 in which the HCN
is subjected to a desulfizrization step_conprises a selective

catal yti c naphtha hydrotreating step. 14. A process according to
claim1 in which the HCN is subjected to allcylation over a zeolite
al kyl ation catal yst conprises an internedi ate pore size zeolite. 15.
A process according to claim14 in which the HCN is subjected to
allcylation over a zeolite al kylation catalyst conprises ZSM5 or
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is subjected to I cyl ation” over Ite atron cata
conprises a zedfkatioppvar ﬁ@aMW*ed#FqlS)Df zgotite Mﬂm@g@lyg&: cording to
claim9 in which the HCN is subjected to al kyl ation over a zeolite of

the MW fam |y conprises MCM 22 or MCM 49.
7. A process according to claim 6 in which the LCN is subjected to alkylation over a

zeolite alkylation catalyst comprising an intermediate pore size zeolite.

8. A process according to claim 7 in which the LCN is subjected to alkylation over a

zeolite alkylation catalyst comprising ZSM-5 or ZSM-12.

9. A process according to claim 7 in which the LCN is subjected to alkylation over a

zeolite alkylation catalyst comprising a zeolite of the MWW family.

10. A process according to claim 9 in which the zeolite of the MWW family
comprises MCM-22 or MCM-49,

11. A process according to claim 1 in which the alkylated LCN fraction and the
alkylated HCN fraction are fractionated to remove benzene alkylation products

formed in the alkylation steps boiling above the gasoline boiling range.

12. A process according to claim 1 in which the HCN is subjected to a preliminary

non-hydrogenative desulfurization step before the alkylation step.

13. A process according to claim 12 in which the HCN is subjected to a

desulfurization step comprises a selective catalytic naphtha hydrotreating step.

14. A process according to claim 1 in which the HCN is subjected to alkylation over a

zeolite alkylation catalyst comprises an intermediate pore size zeolite.

15. A process according to claim 14 in which the HCN is subjected to alkylation over
a zeolite alkylation catalyst comprises ZSM-5 or ZSM-12,



18. A process according to claiml in which the Iight and heavy
fractions are separated by the fractionation such that at |east 90
vol unme percent of the benzene in the cracked naphtha is retained in
the LCN. 19. A process according to g?gLn118 in which the |ight and
heavy fractions are separated by the fractionation such that the

t hi ophene is retained in the HCN. 20. A process according to claim 18
I n which the light and heavy fractions are separated by the
fractionation at a cut point from81 to 84C.

16. A process according to claim 7 in which the HCN is subjected to alkylation over a

zeolite alkylation catalyst comprises a zeolite of the MWW family.

17. A process according to claim 9 in which the HCN is subjected to alkylation over a
zeolite of the MWW family comprises MCM-22 or MCM-49.

18. A process according to claim 1 in which the light and heavy fractions are
separated by the fractionation such that at least 90 volume percent of the benzene

in the cracked naphtha is retained in the LCN.

19. A process according to claim 18 in which the light and heavy fractions are

separated by the fractionation such that the thiophene is retained in the HCN.

20. A process according to claim 18 in which the light and heavy fractions are

separated by the fractionation at a cut point from 81° to 84° C.





