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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.



wi t hout any further treatnments, such as purifying
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which prrlopgses a metholfﬂr P 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



octane. [0008] In any case, regardl ess of the
mechani sm by which it happens, the decrease in octane
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growi ng need to produce gasogine fuels wi th higher
octane nunber and - because of current ecol ogical
consi derations - the need to produce cl eaner burning,
deqitfurRatibH! Whtle #@difiing BRP KRS Ynd Ot‘erﬁu&:(.f)ﬂ’tthHSh Sto product
Thi s i nherent tension |s yet nore marked I n
octaneent supply situation for |ow sul fur, svveet crudes
[ 0009] Processes for inproving the octane rating of
catalytically cracked gasolines have been proposed.

10031 , o Al Ry EasRegardleds ot amechenirch | sFadn Woighy it happens, the
AEAE TR0 S R s R i e
h%éiM[r%atlﬁ tcpéated a t@ﬁix@ﬁ B%Eéh iﬂke twi geﬁeé‘drﬁ‘)c?td?ﬁlch Sgasoline
| ended ack into the [ighter. actl
fyplocesth ihighdri actartee mnabéte(hn@asolbd@euses oft &ﬁﬁ'temaée@iogncal

r to treatment is described in U S. Pat.
C&n%&za tigns (-HHkanesd Wiei Broduicscrlsarer Bupningedesst pollutmg fuels,

cFHREi I S 0ghe Tl nhiny Frdion ;aEE afc?re'?%?@epdbw the
re
PR PP Ik BRSBTS casol i me

pool may be increased by other nethods, of which
reformng is one of the nbst conmon. Light and ful
lﬂwﬁbe naBmchssps dan improving the ostans trating af catdlyticallyocracked
neral ly

ﬁf’ggg‘@f' q’ﬁ"g%’%’l’@%ﬁ 1Y ) Igf agloblggfr Jﬁ%’e (Brgnnas) dlscloses a .

&3
PN GEAD aTAEM Tl 82 PUBARRLSE i o
h&Si@Ngnd unhgliter %cﬁeﬁvaﬁfdt Batir tﬂ@?}é&w@r RRtctibA fbv%fr 4 73M-5

paraffins and cycloparaffins emto aronmati

céfalyst, iafies whiclbthef teehtéd fiaation ¢ blended back fio tMDllghter fraction.
2008/ 063325 PCT/ US2007/ 022030 -4 for exanple, with a
Appther pregesy pre wWhieh theserackesk gasodingds dstibhated pribrite ftrsaément

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,



ref orm ng because reform ng catal ysts are generally
not sulfur tolerant; they are wusually pretreated by
why@soezenti ng to reduce their sul fur content PEf/U8§®07/022030
reform ng. The octane rating of reformate nay be
i ncreased further by processgs such as those
described in U. S. Pat. No. 3,767,568 and U. S. Pat. No.
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Envi ronnmental regulations related to notor fuels have

produced substantial changes in refinery operations.
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regul ations, 100121 A series of patents originating
eqolegy, vparticularly omith refetsace po denpens: elis hagr thepefore become

OR3P 55l 9SSR TS0 B 5530 B8 higher
odtARECSte  LhftribuRd h%" ?hede?lehﬁﬂ:r | fifer ﬁﬁnclt@’djrﬁariﬁa?hthﬁnic
and during this step sone [oss of octane results from

cdnfysorfents rratliep nthaefthel #bmatic coigpeitnt) EEndfdhrhéntal regulations
restored in the second step by a shape-selective
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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



zeolite such as ZSM 5. The product is a | ow sul fur
gasol i ne of good octane rating. The patents in this
w@eosmeess2s e typified by the first, US 5, 346, 60BCT/US2007/022030
Devel opnents of the basic process with alternative
met hods of sulfur renoval igtended to further
m nimze octane loss are US 5,318,690, in which the
naphtha is split into two fractions with the |ight
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OGP Bfan PO 5 R BRGRRY 5 AR osSes s otimiped Bty Ryhfange or
inferrRaMibi nd Engi neering Conpany has
lndemnigtzgg%tggﬁﬁ:?z@ %ﬁ) be a very effective naphtha
desul furi zati on process. This sel ective naphtha
hydrofining process was devel oped for deep
[Wia} odesul\f differant @ppwiach wasi taken proe selfuntiearoval byheExxon
RoI efi nsngoiit ane) .. The singl e stage version of the )
PYeatals and, kingindesiog fiompanyr in| ther selestivet raphtha hydrofining
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PP defibedti Taptus Defiully e et LB 04 S0 Plas184; Us
6239763; 63099 13;119S 52817 58 U56893598; US 6387249; US 6596157. The
ExxonMobil selective naphtha naphtha hydrofining process, SCANfining™,

which incorporates aspects of the processes described in these patents, which is
commercially available under license from ExxonMobil Research and
Engineering Company has demonstrated itself to be a very effective naphtha
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),
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by an al kylation step in which the sul fur conpounds
alkylatign @nsalids 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
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remove the residual sulfur. The al kyl ati on process
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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
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for olefin saturation since the olefins are
w@emsessented in the |ighter fraction. [0018]PdiEs2007/022030

front end of the cracked feed, which is relatively

rich in olefins is spared tgie saturating effect of

t he hydrodesul furization but is nevertheless

desul furized by al kylation and optionally, extraction
reﬁﬁféd‘%onf@h PlA8fin SIHE%M Ein%EQhe Weiﬁ bf@8bncentrated in the

relatively olefin-poor but high in sulfur conmpounds
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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.



[ 00221 Depending on the refinery operation, there are

typically three conponents in the FCC naphtha: Light
w@2i08Ms33k3 ha (LCN), Internediate Cat Napht ha ¥¢CTNp20am622030

Heavy Cat Naphtha (HCN). The typical LCN (nom nally

C5-65C, C5-150F) fraction cogtains nostly |ight

(Cl1-C4) nercaptan sul fur species wth | esser anmounts

of carbon disul fide, nethylethylsulfide (MES), and

Dﬂﬂiﬂnﬁyﬁg@ﬁkﬁ% The LCN end point is generally

set to ensure that only mniml anounts of thiophene
(b.p. 84C, 183F) enter the LCN stream The typical

ICN nomnally in the boiling range of 65-175C

[Q0229- 345FPepomdiagnen thostefimery rupepatidr, ntherd  aréetypically three

napht ha. .No ydrotreatin rocess of this_ stream
CWBP“mtééPi‘ggﬁ%q/Eﬂ@g&ai iLeighb &ah Naphtha, €L.CN)e Intppnediate Cat
NEGAATTERY' 4 RV, o SRR SFEGYS S TP A pieh 6N (moppinally
CRosgeCdi¢4115001) $akfi c%g?a‘ihﬁné yr ﬁgﬁt\’ﬁ%l-@ UfllePéhptan sulfur
and su berizo

benzof hi ophenes stitute I ophenes.

speities, withdesseo hhunts of tarbahidisulfide, nethylehplsulfede AVIESS, and
sunmari zed according to the naphtha fraction: to
dimgthylsul fidsr dAMSAn sTHer LEN erd poipihtis gemerakiya sethiol ensure that only

A s Of ShioBhERs (F Pob Kol St Lentcaithe &G pweRE.  The
. . e of ¢ . .
BRI Holgd} 3h2hE o, Hio0! R LISRB4H) contang
. . e .
D T L O raf B AfTH AR Hoces of this
strepintviidl dyastieally affece igr octass ealwuchThs typidal #48CNV @ominally
MeroxTM (the nmercaptan extraction process offered by
baibpgiabowgi IH °Cri8s0 i asvally sontainsye dighsirmpngentration of sulfur
ol PRAERS Mot SERELI 5Bt SeSioh a0 oy BRLIGERE Benzothiophenes
H . i . £ . b
R MBIl PSP, (Tl Ty PhEFR i e e FeC
ndghtiex Wdh  ber sunlMahized eftordhg adok Thé Fr’fagﬁﬁfas ff4cABhVE remove
are exanples of such procesSes) w thout saturating

metreaptansfirom thiei leghtsraphtith bhileatetdinng dlefing,h®i remove benzene,
desirabl e, ef fect gn product octane. The benzene,

erand, othesnswiy gempounds framy| the pingermediata naphtha tagain
BT i5e] SE8h) Y L BB RSS9, s remove sulr
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



-10 point close to other desirable conmponents in the
napht ha fraction, renoved by fractionation.
woR@soesnat i on i s not an option because hydr ogeCHUS2IN7/022030
of benzene requires quite severe conditions which
woul d result in conplete ol-gbi-n saturation which
maj or octane | oss. [0023] According to the present
i nvention, both the benzene and the sulfur in the
pbinPRlosend éthemaesiklé 'cBﬁlth@ﬁt"s'iﬂr\heCHatphﬂﬁ RrattiomRhvved by
are effectively renoved by an al kyl ati on process
frattiartatione Hydregehatiomis mooahaiptied becatsechydregdridtion of benzene
fraction as the al kyl ati ng agents. Although this )
requirgs quite severawondifong whiek svould sesudininenomplotst elafin saturation
hﬁg& is converted into al kyl benzenes such as tol uene
WRITcmagr OXANCOSS, hi gher bl endi ng oct ane (tol uene
octane = 120), thereby conpensating for the | oss of
ol efins as such. The ampbunt of olefin consunmed in the
[oo2Bfur c Omm%glid(t‘hb Pregent ifvenBbABbOtH thO behAn@&indi tAe Sulfur
the proportion o sul'fur in the light fraction is
inf gher ifgont end (Ibweh dweling fraduien) efetheoFCEuhhpiitha are effectively
conpounds needing to be removed is relatively higher,
remgyed by amralkglafipnr procesfovdiicly tuses cthe lefivar eonsaingdtin the
a escr|.bed | ow. .t hough th ul fur,. rema ns in
ndi U TiRslia e alkyplive G#Slsn Akidughfhis Rl T some olefin
Laher i . .
G A et Sk BIeSt, | Q0PI ooRFefBY bRy BBh e Bl foluene
whidhf dfe iof ¢ven bigher ebléndingavitanenltbliené 'ettaie0n) 120)) Bfereby
renoved in the same way by an al kyl ati on process in
cathperisating for tiei loss pf elefimss as such.hd heramedunt ofvdefire cassumed in

t he al kyl ati ng. agents for the sul fur conpounds, to
thg| s} ireCompeind eﬁmlatr@ &)nﬁfrga@mn%flamemga% dh¢ msoportion of

g t C r gnoved, b fractjonation in
IR 1 1 o BOEI8 BRYY 3PRyedte honlshfl iRy o Suifur
b il st : ) . . fQr R f
Rt Mg 0B¢ XEmTbd S IRkl hidier B peelHtifAB sulfur
reimaval tstep rrannbe alawied eniteas desbbeditieldy. walttwfughi th sulfur
10, coming into fractionator 11 where it is split into
remyaans i dhe iligued, thel allgplatipn aeoniverts vthe sulfua costpannds to higher

t.hrough l.ine 13 and a heav raction WO 2008/ 063325
bcpgspg g%azt%eyl/s ehigh gan be removgd Ly a subsequent act?onatlon 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



-11 which passes out through Iine 20. The I|ight

fraction passes into reactor 14 in which the sul fur
w@ovpoesds are renoved by a process step whi chP@EESH07/022030
m nimal tendency to saturate the olefins present in

this fraction. The extractivg Merox process is

suitable for this purpose as noted above, besides

bei ng econonmical in operation. The Merox sweetening

wWhigf gQ§s@§ oup ?ﬁ'roﬁgﬁ NirkS26.heTib 'Tg(l)\'f f&rcfiSﬁ sseNft dd d@i}cﬁor 14 in

oxl dative Merox process may be use provi

whidh thetsudfiricofipountls ard tﬂnhd%ﬁ Byla phscess St Sﬁhl%ﬁ ‘Hé@ AGfinimal
in order to renove the disulfides and ena

tepedenty be satusateithe dlefimseptesemtpin tmsblﬁacnomdu"ﬂte exdrziclrve Merox
speci fi cat | ons tg0026 In order to renove the benzene,
PEQe&ss Isyiitableaforithis ppesssas neledrabovecbesidest baing ecanomical in
reac n whi ch the benzen

opalighs BiE Mictone yesdiing fype msﬂss%ﬁq%l&begs B¢ Rtinal process
amd AEESRidAfive MRy r8 sspl‘lﬁ}p ﬁlef be ulse i&d O;Wok/[d%g thﬁ%fﬂ'brctionation

renmoval step inr

step foNowWE e.m@mba@ sréqnen&eiﬂrbra@m@ Rifovelthe disulifdes &R énable
sul fur conmpounds, may be alkylated in this step to

thel gagbline flactjen bwimeehappiivable productasibfuir spedifichtions. r ange
whi ch can be separated by fractionation in the conmon
product recovery section. [0027] The heavy catal ytic

(R8s % of OISR FimpS dhé, Beselie, i it fractidTs passesjafer
tr&‘ﬁthféntt e rea‘émrgﬁ]io"a? s&fonﬁ%yé’tgf‘ 94t v\ﬂewﬁféhftﬂé beRﬁ&EﬁQ converted

mai nl'y as thi eni ¢ conpounds berng rea

toatmnh:bk eoxio dlkidpenrdnes,byahrbédss! of alkyhgione ARy if the initial
al nost conpletely by al kylation followed by

sylfyrremervat pigp in ae@ptgnuH &b beemanmitiedvor Wi s fun reneiviad has not
the al k t ed sulfur speci es

| he ther al ky
bgen ?%P%Féagbolo % SP gé@gpméﬁamaa&q alkylated in this step

AT e
by fratfibAdtiim lgtthskonﬂﬂl&ygﬂidueﬂre%b%%hgﬁhe loss to the

hi gher boiling kerosene fraction m nimzed. As
this higher boiling fraction is conventionally used in
t he diesel blend pool in which octane is not a

[0023)ii r enehbe hgayyotcatadytio gnaphyhad (HENY passed from the initial

PCT/ US2007/022030
frgc:otg)o%/a or F?%y vcgall-y ) (1)ne 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



- 12 renove the sul fur conpounds with the advantage

that the resulting volune expansion will increase the
woodosnes3ed t he road diesel blend pool. [0028] PET/US2007/022030

desired the products fromreactors 15, 21 nmay be

conbi ned and taken through g conmmon product

fractionator but in any event, fractionation of the

products will be necessary to stabilize the gasoline

réfo9€e thE i &an&ttmsabmhothé A %Ejsthéteﬁté' }ésrﬁgtufé VYSume

the processing and to renove heavy ends which

expanisiohwil inaregsecthe voldme bf tire 1@ad diésebblead povkhaust

pollution and which wll also contain the higher

boi li ng sul fur conmpounds produced by al kylation e.qg.

I nds,and,. if OX|dat|ve sul fur
ﬁﬁmvalSu if” CO Eptrﬁ‘é“qW &W(n reactRrs lom 2 ldnghlbﬁmaﬂnaed and

B PR YELERbcR ftiaﬁtt;am Baciontion of

tthppﬂddﬁets&bm/l@e h&& SRS shdiliA G i'a?lgetﬂ?sau@tw removal
n

to the catal ytic desul furization
Oﬁ)}tghogpelldatmmdtlagl from thenprogkssing laﬁdh@awmxsve‘ héty efids which

lin bove the gasoline boiling e which contain
'y1= %@gumor PROTCEpLIiws Mltlesfandp@&austbp@uutmrgm which
sulf hydr otreating

Wi i Boblabne. Bihs? Rl <k semmova impdvce gy taion

NP o
frat ook C(ﬂ@hlﬂ!des Bf @QEH oB réﬂndté adfilstrhéntt er@ﬁ?oﬂﬁ between

the benzene . CC  nap
theegasohiad frat:tlbheiridotherfrdnmdnl hsrgllﬁg abbvethé ga:*/d’liriéf‘rahge Getiich is
be treated to convert it to al kyl aromatics by

thepisentite dhe catalyticedesyffirizatien unit fos hydsogeablive sulfuk eempoval.
T N D T
al\lledf&ﬁﬁul% é’&ﬂ &tnds mﬁ?ﬁgﬁgﬂgﬂ%ﬁ’% Eﬁ cﬁ '(ﬂﬂlm“déymay be

ich the frac I onat or

sybyeated tudiydrmedtmfgstooferﬁd&fbsﬂlet YW furCARBO 08fahe %&Y\tl'%ﬁ is not a
found in one or both streans. Cenerally, it wl

faskasreitl hechigherboilinggreductpoi nt  hi gh enough that
substantially all the benzene goes into the Iight
fraction even at the cost of having sonme thiophene

929F, 'S 3 S8 TN R o BRSGpRY pRocuced 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
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make sharp cuts. Since an al kylation step is carried
wouiosoessthe | ight fraction, any thiophene broRghUSiont/a2030

this fraction can be al kylated along with the benzene

al t hough thee is a preferengqg-for alkylating it with

t he higher thiophenes in the heavy fraction since

al kyl ation conditions can be optim zed for these

in@bi1itpne Makeasharp fcuiss Siase hakilkylafonkidp B&adiéd blfon the light
l<'311|t?able|nthellght fractlg%for gkylatlngthe 8

frbeimne ey thiophore brought irdoikis Aeavtioncsanere alkylatetdealong with the
cracked naphtha is not toaq hi there ma

benzene eltbwglbﬂ@ﬁllﬁa Pﬁ?@'ﬁ!\% f@baﬁy%mgvut watha%p higher thiophenes

o B e OBOABIE 00 4L o 7 s

C({rﬂﬁg’&g tand Alis %e@ﬁ’éﬁﬂ? to 'ﬁﬁz{a \&ﬁkb&%' the flfgigﬁ&’raﬁtion for

to an optiona esu urlzalon step

alkplatiapithe béﬂiédéf Howeeem Yethe 'Béﬁzéh@'é(ﬁﬁ&%ﬁ t‘h@'c‘x‘acldeﬂ naphtha
order to preserve ol efi ns. The Merox process f

ismeotctyot highe themc iaynbe sufficientr plefinst pdebentotot rmt tveitle all the
but, as noted above, sweetening processes which
berggne s Wellrasdhtophese camiedtiptonihimatreansi | i ng sul f ur
conpounds which can be renoved fromthe gasoline
fraction ina final fractionation step are al so
ifastion>t her nercaptan extraction processes that
y be used at this point include the ExonerTM

NBnqqyaﬁo emative PeésulfuriZzationMer i f i ni ngTM Process, the
Mericat 11 TM Process and the Thi ol exTM Process

(Meri chem Conpany) . Processes of this type are
y .and appropriate

-establ i she mrer, CI
u@’éb ati ngR ij aBRKC.oihe (ight fraghioms fpsbe@ueddoopn optional

adslifbrigfS) HsBaaFhichosds Cakéﬁ SRR Eompled R ny drdgehatively

m%x‘é@?%@ estie BRGTs! OTHE M&%x%@@é%tﬁ?smerc E‘%P Sxtragtion is a

efficiency of the nercaptans renpoval Is goo

veap dsuithbie roptiphahere  bat, casndofedOdpoveyr suetediagt pr&E%efs owhich
C5 nercaptans and it is around 70 to 80% for lgiher

CORYETti Mgreaptan sulfur dp kigber doilingysulfur regmpaundst which can be

removeddf‘reomqge 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
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conpounds. The al kyl ati on of sul fur conpounds w ||
woree0e/0ef3es ci ent for heavier sul fur conmpounds. PEDDS1007/622030

reason, the conbination of the extraction type

process plus the al kyl ati onlprocess nmakes for a nore

efficient process. Benzene Al kylation [0032] The

benzene renoval step which may al so be used to renove
disulifidercopspiu@ds dEhé alkgddtionest sulfur @dnipounde silledore efficient for

al kyl ati on using a nol ecul ar sieve catalyst,
heqavidrenudhirycampauidst eForTthas ipeaspanéhé nombénatioghof thepbxtinaction

feed is alkylated, by the olefjns_present jn the feeds
type PERGSSS ELISéLRyﬁa/Mm prosesgmakessfos a merecsifisiong profeshe

product fromthe viewpoint of toxicity. Gven that the

olefins in the |ight naphtha fraction are all above

B et "§,|]|a ig\gr ease in the carbon nunber of the
aromatll;c v&lﬁ occur but the products will normally

remain in the gasoline boiling range as nost of the
olefins present are C5 and C6 ol efins. Another
[00382k equentlee denzéns wdrhgvalt stop Whichnmiayealso dixt aised|tanmemove

crease roportiognate tq t unt .of benzene )
sl 6 COAONER FLGATHIRG Ob ¢ fisdrheg AleY arian 4FBE apolesalar sieve
erq r.e; ver, 1.l
oot 5t Bty PRPHIAF e BEERDVIF g PRt BbE e huatkotated
by @het BRFMECpie3ehtClin I 8RS FKsOto HHANEYalRyRiSHRAGiEL APRICH are
hi gher pressure regime which would favor” equil1brium
acceptablisint the prbaydtafromrtheiviewpoint obtositity. IGiven ithdtzhe olefins

. The alkylation will normally be carried out,
int ther ightr saphtha rfsactioneanchalh abowerbutangrams dngreaseain e icarbon

as, at.relatively LLow tenperatures. Benzene kyl at { op

milmbsreRfBE apomafies wil oret the suadicss wifl ot Dgempinn the
ot ' t ra@jt | £l N

eSE VoM Farlf o SO0V SleFits pubSRiagY G ane'6 olgfins
AnBer adchsP@aiRdr of . theolillatiods aROURvitabRO vioRAfe decrease

(about 1,000 psig) being” favored from equi pnent and
propertimmniatey te dhe i apowrtti of beatdangoinglicatingh trat the sieactéon \Wiay be

2008/ %63325 PCT/ US2007/ 022030, L
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 .



- 15 are not unfavorable, as noted above, in view of

the volune change in the reaction. In nost cases, the
w@e@sseases wi | | be in the range of 2000 to 5500P&PPES2007/022030

(about 290 to 800 psig) in order to nmake use of

exi sting equi pmrent. Space .vwgl.ocities can be quite

hi gh, giving good catal yst utilization. Space

velocities are normally in the range of 0.5 to 5 hr-1
a8t fupfavdisble! @61 fbtb@Sfbove ifBAkw 6RSRE volume éhdlge in the

VHSV. Optinum conditions may be determ ned
reacfion. dalrhest cases)¢hnelpregsure Wwitkbe 6o thEominige @f, 2008t tol 5300 kPag
aging and unit constraints. [00341 Two factors.
(@pﬂégﬁﬂn@ 80Qipsig)oin prdesetoamake usel of pxisting eiquipment. Space

AR o e e B e S s A U5, el
SR, o ARHBRCH B3 SO, G B A 8 o

cdsePEIGRUrESWHIOVL OBRGuR cOMdifBhs nfrydbe d@t@%gnoe\%}g&ﬁpirically,

so that the preferred tenperature regine Is a
defiendingl&if) f2ed aunipositbon eatilyst agimdantudiB 06hraihisgher
bei ng preferred, e.g. 200 or 220C or higher. In
general terns, the tenperature will be from about 120

50C bout 250 660F) and i.n nost cases, between
199347 ong 506 taadRc abiGene heRurpl catsatins, ovilk Benthe  feed

. e r Jigqui.d phgse gt
cdTobR% I JCSE KR 55 By ORS sfr acts o o
AtalgeupBisbit . at e | tdrRpratl ! °
¢ deggﬂgi 58 oan tﬁﬂfegheg&gorﬁg%gﬁ iiéon aﬁﬁlr{:%et%gc‘égha}bg#;lm ¢
butsheas. relativehe littkeaefifect an ttigledr, temipgritarepaboat W809C pr aiggiet, e.g.

itiopns wth the product_ including

2@?'1 éﬁ {2@52‘;4% I&ﬁ%” e tRrgfesreds temp,elr@w g?&:rrr]m ighahove about 150°C,
. and 1 iaui )
VISR P R R PR 365 B o
hgAPE o Th ARl s St Rindcfaiie RN Fronk WD 120" 9 3s0°C
(abodt 230 $6860T0), arltbirhniost eshes HEwedH US0Y ar®9280° € ¢ABLIL DO to
riority fromApplications Ser. Nos. 60/656, 946 and
4&31’656, 945), entitled "Liquid Phase Aromatics

Al kyl ati on Process" and "Vapor WO 2008/ 063325
PCT/ US2007/ 022030

[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



-16 Phase Aromatics Al kylation Process"” to which
reference is made for a description of these

wpe@seeses. [0036] If the naphtha fracti on cone@i/ns2007/022030
| arge proportions of benzene, it nmay be desirable to
add olefins fromexternal sggrces and in such cases,
lighter olefins may be used if available. FCC off-gas
may be added with the advantage that the resulting

PidskY ARbRIARCS CABGASH6H SPRRES™ e WaTEH refdrbide Nynkrde for a
characteristic of the preferred gasoline aromati cs.

deBbriptian iof thest \peecessdse total ol efin and aronatic feed
conmponents is normally chosen to achi eve the desired
process objective of benzene reduction although if

' [ d al . d | f .
3T B i R0 B o R AE Bt e,
s AR Rl TR S R el SFPER, g

olefih§ eddyVes ugeifuvailablé P £C GO gamAY e Aide@with the advantage
Catal yst [0037] The catalysts Used in the al kyl ati on

thavrthei resulting hadkylamssait ipgbductst hdwet ithe clomponearbonanumbers
i nternedi ate pore size nolecul ar sieve., The
chasacteriatin af she prefsrred Lasoline aramaticsi eV he ratie between the total

est ablished class and may, .conprises.,zeolites .such as .
olffb 3 fioRisci 23 BMpsiptisdS HPmachosEh o ASuRYE thd Besired
I .
PERES SIETHEDT Bandent rBhHAARTRAP his PROR3s 3 fsBed also
tohrstRce rsulfak ehdditiofall 6RMAnt Ry Vbe Weuirdd. ofOpthigalr conditions may
catalytic activity and stability. Exanples of
theraferenbelidetamined enipircally deperahing ionafeedze@mhposiiomhavailable
may be used are ZSM5, ZSM 11 and ZSM 12. The nore
fegd gates. rreductrdVedives and uRldyRee pore size zeolites
such as ZSM 22, ZSM 23 and ZSM 35 will not normally
be preferred since their constrained pore structure

BE’ﬁ’fe?lenRikﬁitdi _t@gtaqﬁ}]ct ants and reaction products to

access 0 o | eave e internal pore structure of the

zeolite. A highly favored class of internediate pore

Si ze zeolites are those of the MWtype. The MAW )
[0037] | y of The slatalystyymsedosy tlss 3dieylaim usntain/ @s 28l 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
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[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
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5§6}275?§)I e, including the present process in which the
caf’alyst has shown itself remain active after even
mul tiple regenerations. It may al so be possible to use
MAWV cat al ysts whi ch have previously been used in other
[003%rer ci alheprfasetzeoldivanbrialvioralsetindlie aatalyst of drgpresent

accept abl e, for exanple, MM 22 catalyst _which has .
Prpgess léﬁMQMb%?e ﬁltﬁgegh zeplienM @Modd anay, beofoundoteahaves certain

a(ﬁ/gﬁ&ggss relative to MCM-22. It 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
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4,908, 120. V\hen used matrix materials_ suitably
ﬂternfpit‘d)é PEOGESS MAll often; contain ja matixamateriah or bindeniim order to give

gl bllendB ool B catal R e, R 46 “ide, ki %gsm porosity
cmsatﬂatc% i OtheU38tal tt heyy n%?f?ﬁ‘g‘t’d a?ﬁ?lérst o @&@tver be

ina fini

fdrh‘ti?lllalédl |11y the (bﬁﬂd%ﬁ)-ﬁ’éb fd}nf/tbti)th&\@isl tf, susablel éktﬁl%%n ¢HARques,
from25 to 65 % by weight. In manufacture of a

foreexanxpld, eatddsgsbed tineUdkt4,968,120gr ddhemtused, matrix materlals
caII be mulled with the matrjx material, using
Slﬁé@ u&c udgsplmingn St!tcat weh@ataatrygta, atﬁam@atzfquomftaf a@d other

t he, actjve;co an
moréa%lc oxide materlals co Ty used]| in Ete formulation of molecular sieve

catalysts. For use in the present process, the level of MCM-22 in a finished
matrixed catalyst will be typically from 20 to 70 % by weight, and in most cases
from 25 to 65 % by weight. In manufacture of a matrixed catalyst, the active
ingredient will typically be mulled with the matrix material using an aqueous
suspension of the catalyst and matrix, after which the active component and the
matrix are extruded into the desired shape, for example, cylinders, hollow
cylinders, trilobe, quadlobe, etc. A binder material such as clay may be added
during the mulling in order to facilitate extrusion, increase the strength of the
final catalytic material and to confer other desirable solid state properties. The

amount of clay will not normally exceed 10% by weight of the total finished
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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



used with other zeolite catal ysts. Regeneration of the
catal yst after use in the present process results in
woniog/0e83rbdest activity | oss, with the catal yseCT/US2007/022030
mai ntai ni ng nore than 95% of fresh activity after the
first regeneration. Even affjer nultiple
regenerations, a reasonable and acceptabl e | evel of
activity is retained. The catal yst has been found to
alRBlin adoMutidH, e fohakafipldp af dilues sol@edd Voft Yan#thbfia &r sodium
regenerations. Follow ng the air oxidation, the
carbomdty s {Treatyndmt witle watati £lome etampient temperatures has been found
reconditioning treatnent using water or a mldly WO )
toobo gffsstivostheGirwegasrated xatlyst- is 1canlediiand ¢hew limmersed in a

w3 SRR e i S8 Bl 3o e e Rbioning

e RAE a0 U Ok OGS e R gouts n

arl imProveicit iRaddtalgbt Bropehiesh It is! thedfiz&d! tRatdtheSleebRdifioning
to service. The réconditioning treatnment may be

treasmenh esabléothet silanehproups @nl the detfacerofithe zeolite whbe ke-formed

1{esults in an inmprovenent, in catalyst properties. It .
affes thee Segenegationy itrqat@ente M| & i coRPeRpent (88 n of catalytic

enabl es t.he silanol,,groups on the.surfa f . the
POBRRIS IR, RS i PRI b safely S alpiS: comparable
told RBSHESAIVY.t h @ consequent restoration of catalytic
properti eg whi ch, in favorable cases, may provide a

catal yst al nost conparable to a fresh catal yst.
[ 00421 A guard bed may be used ahead of the beds of
[08HR)/| at i o grardibgd tmayabe used aheadiof tid bedsoofralklylation catalyst

t he. sa catal yst used in the alkylatjon reactor as a
a"ﬁigff{l&egg’fw peraally ge dessamne epfalyshlused i thejalkylafion reactor as a

mbidh ok hsriing’ SEhYEeRE0 bOF tniscB Aot eapbte T iSiratFgpother
cafaly NGOREhetUR! (EnfRL cﬁﬁlrt%ﬁﬁltantsefrgmrﬁxgul%gﬂ hdy ﬁké’(?tty{)iﬁglly a

from anot her process or um na. obj ect’ ve Of

chgaperdguaed bed sbeben€ray.e atused eaalydrifioan hfiothePprddess be&mina.
before the feed cones to the reaction catalyst and

The ebjegtivie tafathet guardi bedaishteverdpve tthe centaminanis fram dtey feed
f choice,as to ard bed catal ysts and .conditjons .

befarsr i Tyt Comes (I roprion Gramis! and pRVIgERAALIES Inachicved,

thBRY iRk i¥ \Jﬁf’f[et)se $F ERGIcABSYS gﬁgr"{f 6dd 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
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feed composition, operating conditions and type of unit, the product slate may be
varied with optimum 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.
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[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
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angpligher beilingrsulfurgempounds 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)
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PCT/ US2007/ 022030 -26- CLAIMS: 1. A process for the
renoval of sulfur conpounds and benzene of a




catal ytically cracked petrol eum napht ha conpri sing
benzene, organic sul fur conpounds and ol efins, which
w@eoopieses: fractionating the cracked napht ha PC/US207/022030
relatively low boiling range, olefinic, |ight
catal ytic naphtha (LCN) andgn ol efi nic heavy
catal ytic naphtha (HCN) which boils above the range
of the LCN the boiling ranges of the LCN and the HCN
dieAMsdef i ned by a cut point selected to maintain
nost 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
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process according to claim1l in Fch the ol efins
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subj ecisgjekfing the HCN to an 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
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.



al kyl ati on over a zeolite al kylation catal yst
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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.



al kyl ation over a zeolite of the MW fam |y conprises
MCM 22 or MCM49. 18. A process according to claim1
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18 in which the light and heavy fractions are

sepay 3t ed Abyrochb® %@%@@ggym P whidd a{éﬂﬂ% gsos{tlgﬁé&ed to

is retained in t A process accor

a desulfariation stép cdmprisesld @éctbrdabadftiy naplithe h'?'ﬂﬂﬁre%ﬁﬁg step.
separated by the fractionation at a-cut point from8~1
to 84 C

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.

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.



