METHOD FOR DESULFURI ZI NG HYDROCARBON FRACTI ONS FROM STEAM CRACKI NG
EFFLUENTS FI ELD OF THE | NVENTI ON The present invention relates to a nethod
for treating hydrocarbon steam cracking effluents. The steam cracking
process is a known petrochem cal process at the root of the production of

t he buil di ng-bl ock chem cals, in particular ethylene and propyl ene. 5 Steam
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valorizable coproducts, notably aromatic pyrolysis gasoline that is obtained in

significant proportions when cracking propane or butane, and even more when cracking

naphtha, gas oil or condensates.

BACKGROUND OFlTHE INVENTION
10 Raw pyrolysis gasoline is often hydrogenated in two stages, with intermediate
fractionation so as to typically produce a C5 cut, various cuts intended to produce
aromatic bases and gasoline bases or fuel oil. The existing process layouts generally
“allow to produce a C6 cut to extract benzene and a C7+ cut or a C6-C7-C8 cut to extract

benzene, toluene and xylenes, and a C9+ cut.

15 By definition, a Cn cut is a cut essentiaHy made up of hydrocarbons with n carbon
atoms. A Cn+ cut is a cut essentiaily made up of hydrocarbons with at least n carbon
atoms, up to hydrocarbons with 12 carbon atoms. This cut can generally comprise C13,
or even C14 hydrocarbons. For example, a C8+ cut essentially comprises C8, C9, C10,
Cl11, C12 hydrocarbons, and this cut can generally comprise C13, or e;ren Ci4

20 hydrocarbons.

The C5 cut is generally recycled fo the steam cracker or sent to the gasoline pool.

lec C6-C7-C8 cut, referred to as C6-C8 hereafier, essentially made up of hydrocarbons




. The C6-C7-C8 cut, referred to as C6-C8 hereafter, essentially nmade up of
hydrocarbons 2 wth 6, 7 or 8 carbon atons, is used as the base for the
production of aromatics (benzene, toluéne and xylenes). The C9+ cut is

- generally used either as furnace fuel oil or as autonotive gasoline base.
In the latter case, it is generally necessary to separate the heavy
fraction corresponding to an ASTM boiling point tenperature above 220C 5
from the CHROCTcen 8 Erpnagiomsgiss Badngs %as@sednpéhd braguglicanhof Bwmpdiss| i ne
cut points. Besides, pyrolysis gasolines have high sulfur contents,

not abl y t hébdt@dnes tifludre anfl b@tenegbTheCo-h eutcis peosrilly ddddteithdr> figmacadiebbil ) or
future specifications. In fact, these gasolines contain about 300 ppm
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dedi eni zati on stage, then used directly as a gasoline base possibly after a
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end point 20 specification for the gasoline. However, their sulfur content
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maxi mum sul fur content of gasolines

10 The C6 or C6-C7 or C6-C8 fractions intended for the production of aromatic bases
are treated 1n a dedienization stage (selective hydrogenation) in order to remove the
reactive unsaturated compounds such as diolefins, acetylenic compounds and alkenyl
aromatics, then in a hydrodesulfurization stage in order to remove the mono-olefins and
the sulfur compounds, without however hydrogenating the aromatic compounds.

15 Alkenyl aromatics are hydrocarbon-containing compounds consisting of at least one

aromatic ring comprising at least one alkenyl group.

The C7+ or C8+ or C9+ fractions intended for the production of gasolines are often

treated in a dedienization stage, then used directly as a gasoline base possibly after a
fractionating stage to remove the C11+ or C12+ compounds and to obtain the end point

20  specification for the gasoline. However, their sulfur content becomes incompatible with
the evolution of the standards relative to the maximum sulfur content of gasolines that

tend to fall below 50 ppm, or 30 ppm, or even 10 ppm weight.




~tend to fall below 50 ppm or 30 ppm or even 10 ppmweight. 3 Three
options are currently used or considered for neeting this situation, in
particular for existing steamcrackers. 31) Option | consists in nodifying
- the existing hydrotreating plants so as to significantly increase their
capacity and desul furization. There are suitable 5 desulfurization

catal ysts, the nost commonly used ones being mainly catal ysts based on

ni ckel and nolisdeopitons care ndueieelly aneld tannemisidared r for obedtingathds sidiapiodefum on
an alum na support. 2) Option 2 consists in adding a new final

desul f uri z pattieolap Farkistiag steydrcageas. treatment of the fraction valorizable
to a gasoline cut. 10 These first two options | ead to notable additional

i nvestments and hydrogen consunption, a gas that becones increasingly rare

on refining angd @glohoth@mkishr ¥ fldifFing Wet HQHinsARYIr8@daMing SplhRgaodss to
val ori zation of the products that remai n gasoline bases of rather poor

quality. F e; I .zatl on ni y | 4.4 ed
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refinery that wll achieve final desul furization. This option |leads to a
si gni f i cantidehpedimelyldenam, of mickst iand tergsteneorgenholti and mphddenmy. ommpe goal
of the invention is to find a technically sinple and i nexpensive sol ution
to 20 the ahinpnesepoitoned problemin order to produce on a petrocheni cal
site C7+ or C8+ or C9+ fractions from steam cracking plants that can be
directly used as gasoline base with

2) Option 2 consists in adding a new final desulfurization plant for hydrogen

treatment of the fraction valorizable to a gasoline cut.

10 These first two options lead to notable additional investments and hydrogen
consumption, a gas that becomes increasingly rare on refining and petrochemistry sites,
without any gain as regards valorization of the products that remain gasoline bases of
rather poor quality. Furthermore, deep desulfurization is accompanied by a limited
reduction in the aromatics content to be minimized, which remains unfavourable for the

15 octane number and therefore for its valorization.

3) Option 3 consists in selling the gasoline fraction as produced to an oil refinery
that will achieve final desulfurization. This option leads to a significant depreciation of

the price of the gasoline thus sold.

The goal of the invention is to find a technically simple and inexpensive solution to
20  the aforementioned problem in order to produce on a petrochemical site C7+ or C8+ or
C9+ fractions from steam craéking plants that can be directly used as gasoline base with

a low sulfur content.




. a low sulfur content. 4 The various ways of hydrotreating |iquid

hydr ocarbon fractions from steam cracking plants are described in the
literature. An exanple thereof is patent application FR-2,858,981 that

- describes a production |ayout for various cuts froma steam cracking plant
using 3 distinct hydrotreating stages. 5 However, the existing solutions or
t hose consi dered exclusively consist in carrying out hydrodesul furization
stages that r&heivagiouhevysest iyédropfeating diggien hijdrosarbors tfractipnodecse stegid t hey
do not describe the possibility of treating one of the fractions fromthe
steam cr ackickipgland al)eiRives iotheditpinte Y basade terast ighitém gpplivatisul f ur
conpounds on an acid catalyst. 10 Besi des, desulfurization of hydrocarbon

fractions tiybBSAOERO: BRcABACHHIGHORNELL I valbSQuW HBkh deSCEubad i n t he

literature. For exanple, patent US-6, 048,451 describes how to desulfurize

gasol i nes Hﬂﬁﬂyﬁ§é§@w¥h%11ﬁﬁﬁhﬁﬂﬁgﬁh%ﬂts by neans of a process consisting

i n convertitng onpoun heavi er sul fur conpounds usi ng an
al kylation agent in the presence of an acid catalyst. The al kylation agent

i ncl udes olefhps or ﬁ% aL%ohoIE@.Fbme er, this hnvgntiqn i s.described for
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sul fur compounds of thiophene and net hylthi ophene type. SUWARY OF THE
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corresponding to a 20 pyrolysis gasoline, conprising: a) at |east one
stage of semddbéywdp hotdiesgitrahe possdfilityhd tfeetul onedthe dehctionsasorkithe steam

cracking plant by means of a process based on weighting the sulfur compounds on an

acid catalyst.

10 Besides, desulfurization of hydrocarbon fractions by treatment on an acid catalyst is
also widely described in the literature. For example, patent US-6,048,451 describes how
to desulfurize gasolines from catalytic cracking plants by means of a procesé_c_c;nsisting
in converting the sulfur compounds to heavier sulfur compounds using an alkylation
agent in the presence of an acid catalyst. The alkylation agent includes olefins or

15 alcohols. However, this invention is described for an application to catalytic cracking

gasolines and it aims to weight sulfur compounds of thiophene and methylthiophene

type.
SUMMARY OF THE INVENTION

The present invention relates to a method of treating a feed corresponding to a

20  pyrolysis gasoline, comprising:

a) at least one stage of selective hydrogenation of the feed, referred to as HDI,




.5 b) fractionating in one or nore distillation colums the effluent from
stage a) in order to produce at |east one light C5 out, an internedi ate C6
or C6-C7 or C6-C8 cut intended for aromatics production, a heavy C7+ or
C8+ or C9+ cut intended for gasoline production, 5 c) at |east one stage
of hydrodesul furizati on and deep hydrogenation of the intermediate cut,
referred to as HD2, d) at |east one stage of alkylation of the heavy Cr+,
C8+ or C9+ cub) frectmnstingign ofic ar niare distiintiorocolanna diedefatral fah salgt apimg

wei ghting of the sulfur conpounds, e) at |east one stage of distillation of

the ef fl uerkde k@ produader Rist duBtigRfled duf BripdHERlatd T Pod €87 & @eLBQRt t hat
can be directly used as a | owsul fur gasoline base, and a heavy d 1+ or

Cl2+ fract QB deliCy ! orﬁ!a!éi{su rogd u%dﬁeavgs It ¢ (?%—fd%lr ?@—# Skt Iiﬁt@r%ﬁd% fuel
oil. The invention thus allows, I'e"wandering fromthe conventiona

t echni cal hi.l 0s0 h§.that consists in reducing the sulfur content of

pyrol ysis &%? ff u?/p’hydrogen treatnment, to produce |ow sul fur pyrolysis
gasolines that can be directly used 15 as gasoline base and having a high
oct ane Bunber¢) BHNERETHRN faps oRUBRIrlesulkizaion 3RE ®kp Birenehidded the the
present application often exist i'n petrochem cal conplexes equipped wth
~steam cr ackj . i F&ﬁpnt required for producing
suIfur-dep%%%ggﬂh%§%§1§%$§ﬁﬁgé§ inés is then low since it only consists in
carrying out sul fur conmpounds weighting stage d). 6 DETAI LED DESCRI PTI ON

St age a) d} at least one stage of alkylation of the heavy C7+, C8&+ or C9+ cut consisting of a

ot

treatment on an acid catalyst allowing weighting of the sulfur compounds,

¢) at least one stage of distillation of the effluent from stage d), intended to produce
10 alight fraction that can be directly used as a low-sulfur gasoline base, and a heavy C11+

or C12+ fraction rich in sulfur compounds, used as middle distillate or fuel oil.

The invention thus allows, while wandering from the conventional technical
philosophy that consists in reducing the sulfur content of pyrolysis gasolines by
hydrogen treatment, to produce low-sulfur pyrolysis gasolines that can be directly used

15  as gasoline base and having a high octane number. Furthermore, stages a), b), ¢) and ¢)
as described in the present application often exist in petrochemical complexes equipped
with steam cracking plants. The investment required for producing sulfur-depleted
pyrolysis gasolines is then low since it only consists in cari‘ying out sulfuor compounds

weighting stage d).




. The feed, referred to as pyrolysis gasoline, is obtained fromone .or nore
steam cracking gasoline fractionations and it corresponds to a cut whose
boiling point 5 tenperature generally fanges between 0C and 250C,

. preferably between 10C and 220C. Typically, this feed essentially consists
of CG5-C1 with C3, C4, Cl2, Cl13, Cl4 traces (some w.% . This feed is
generally subjected to sel ective hydrogenation stage a) and the effl uent

fromstage a) is sent to stag A Teh i ijble to use, for this
sel ective hydrogenation stagee?g é%%%%&?%k%gﬁﬁﬁ?g a noble netal catalyst

(of palladiumtype notably, such as the LD265/LD465 catal ysts marketed by
t he Axens Corrggng%: or a non-noble netal catalyst (of nickel type for
exanpl e, such e LD341/LD441 catal ysts marketed by the Axens Conpany).
Stage a) consists in contacting the feed to be treated with hydrogen

i ntroduced i NTRXGQMS réfbrrdd td BE pProl ¥R LasbBRE i bBtaiRAt BRI g ? Hy@r@enat i on
catal yst. The hydrogen flowrate is adjusted so as to have a sufficient

amount for c%ﬁﬁ%%?%%s%ﬁi@a@ﬁgﬂaﬁgﬁp%h ng c%gjesﬁ%mdg S a .(yuplvﬂ‘[]ois Sboiﬁr%e Boint

acetyl eni cs an aromat1cs and to maintain a hydroge XCess
amount at the reactor outlet. In ,order, to limg., the. t r.at ur adient in
Fhe T eant or i Ssi Bheesbedtal Rad oSl et B Ta 384 et
to the reactor inlet. Selectjve 20 hydrogenati on stage HD 1, also referred
to as hydr @d8di-Snirrally diisdeadessentiglly soumsts of Chll g 63, Shi¢1%&1PnClhe art
and it is notably described in Petrochem cal Processes, Volunme 1, Technip
Ed., A Chdmaves (semewGlo)Lef ebvre, pp.155-160. 7 The operating tenperature
during stage a) generally ranges between 50C and 200C, the hourly space
velocity ranges between | h-' and 6 h-', and the pressure ranges

This feed is generally subjected to selective hydrogenation stage a) and the effluent

from stage a) is sent to stage b).

10 It is possible to use, for this selective hydrogenation stage referred to as HD1, a
noble metal catalyst (of palladium type notably, such as the LD265/LD465 catalysts
marketed by the Axens Company) or a non-noble metal catalyst (of nickel type for
example, such as the 1.D341/1.D441 catalysts maﬂceted by the Axens Company). Stage
a) consists in contacting the feed to be treated with hydrogen introduced in excess in

15 one or more reactors containing a hydrogenation catalyst. The hydrogen flow ratc is
adjusted so as to have a sufficient amount for theoretically hydrogenating all of the
diolefins, the acetylenics and the alkenyl aromatics and to maintain a hydrogen excess
amount at the reactor outlet. In order to limit the temperature gradient in the reactor, it
can be advantageous to recycle a fraction of the effluent to the reactor inlet. Selective

20  hydrogenation stége D1, also referred to as hydrodedienization stage, is known to the
person sk'illed‘in the art and it is notably described in Petrochemical Processes, Volume

1, Technip Ed., A. Chauvel and G. Lefebvre, pp.155-160.




. between 1.0 MPa and 4.0 MPa. Sta eb 5 It is a stage of fractionation, in
one or nore distillation colums, of the feed or of the effluent of stage
a) in order to produce at |east one |ight cut essentially consisting of
C5, an intermedi ate cut essentially consisting of C6 or C6-C7 or C6-C8
typically intended for the production of aromatics and a heavy cut
essentially consisting of C7+ or C8+ or C9+ typically intended for the
producti on of Theiopkiating tapekatuor dimag sega aprashemly darges dotitwesnt SHC trk
invention, the feed is subjected to two successive distillations so as to

produce t h Q00°Q WheshouTyesphéd dloditiy Shndel dbtwesn 1 ¢2dad bt 'aakd GBtpresdtt ranges
essentially consisting of C5 and a C6+ cut. The C6+ cut is sent to a second

distillati g&“%hmwpggﬁdh@%qpato an internedi ate cut essentially
consisting of C6 or C6- C7 or C6-C8 intended for the production of

aromatics and a heavy cut essentially 15 consisting of C7+ or C8+ or C9+
i ntended for gh oduction of gasoline. According to another enbodi nent,

the feed is f ubj ected to a first distillation in order to obtain a
i ght cut essentially consisting of C5 and a C6+ cut that is sent to stage

a). Thesef f| ukn afstageod tfiageorm}ion Sintdhe ror Stk Qidtidigtidrocdlutlhg toflthatde@nr 89 as to
obtain an internediate cut essentially consisting of C6 or C6-C7 or C6-C8

i ntended f gife diBer?Qf R é@%ﬁ'o@&r% pRIIEPA 1655t SR éht f&&taéé&’erﬁfﬁl%%&%%ﬁhg arly
consi sting of C7+ or + ‘or CO+ ntended for the production of gasoline.
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or C8+ or C9+ typically intended for the production of gasoline.

10 According to a preferred embodiment of the invention, the feed is subjected to two
successive distillations so as to produce the 3 cuts. The first distillation leads to a light
cut essentially consisting of C5 and a C6+ cut. The C6+ cut is sent to a second
distillation column that leads to an intermediate cut essentially consisting of C6 or C6-
C7 or C6-C8 intended for the production of aromatics and a heavy cut essentially

15  consisting of C7+ or C8+ or C9+ intended for the production of gasoline.

According to another embodiment, the feed is first subjected to a ﬁrst distillation in

order to obtain a light cut essentially consisting of C5 and a C6+ cut that is sent to stage

a). The effluent from stage a) is then subjected to a distillation so as to obtain an
mtermediate cut essentially consisting of C6 or C6-C7 or C6-C8 intended for the

20 production of aromatics and a heavy cut essentially consisting of C7+ or C8+ or C9+
intended for the production of gasoline. The intermediate cut is then sent to

hydrodesulfurization and deep hydrogenation stage c) while the heavy cut is sent to




~ Stage c) It is a stage, referred to as HD2, of hydrodesul furization and
deep hydrogenation of 5 the internmediate cut. Stage c) consists in
contacting the internediate cut to be tBeated w th hydrogen in one or nore
reactors containing a hydrogenation and hydrodesul furization catalyst.
This stage is also known to the person skilled in the art and it is

not ably described in Petrochem cal Processes, Volune 1, Technip Ed., A
Chauvel analkglativefebedp The cfbent fromTilleylgiverstage dy isttberpeantitaudistilstion stage )
general ly ranges between 220C and 380C, the hourly space velocity ranges
between 1 k' and 6 h'', and the pressure ranges between 1.0 MPa and 4.0
MPa. k r A sequence of LD145 and HR406 catal ysts narketed by the Axens
Conmpany can for exanple be used to carry out this stage c¢c). 15 Stage d
Al kyl ation stgg%eg? is a stage for treating the heavy Cr+, C8+ or C9+ cut
consisting in treating on an acid catalyst allowing to desulfurize the
fraction of said cut boiling in gasoline w thout hydrogen supply, b

wei ght i ng t heltdsihftage,qofepodhelss HRZc of nidnefesd faizphiet andr dagp dybogenaiar oI t he
feed treated in alkylation stage d) is a 20 hydrocarbon fraction froma
st eam ciackhafhi@in@diate AtCOIage 0P chiBisandt ddtachie tier ineamedide, cut ebé aested

corresponds to a C7+, C8+ or C9+ cut pretreated in a hydrogenation plant
HDI . Plant )l #RRSLdiN Bt agR adr | Solent@R4Gd fcBfitating a hydrogenation and
hydrodesulfurization catalyst. This stage is also known to the person skilled in the art
and it is notably described in Petrochemical Processes, Volume 1, Technip Ed., A.

Chauvel and G. Lefebvre, p.160.

10 The operating temperature of stage c) generally ranges between 220°C and 380°C,
the hourly space velocity ranges between 1 h' and 6 h', and the pressure ranges

between 1.0 MPa and 4.0 MPa.

A sequence of LD145 and HR406 catalysts marketed by the Axens Company can

for example be used to carry out this stage c).

15 Stage d)

Alkylation stage d) is a stage for treating the heavy C7+, C8+ or C9+ cut consisting
in treating on an acid catalyst allowing to desulfurize the fraction of said cut boiling in

gasoline without hydrogen supply, by weighting the sulfur compounds.

According to a preferred embodiment, the feed treated in alkylation stage d) is a

20  hydrocarbon fraction from a steam cracking plant.

According to dnother preferred mode, the feed corresponds to a C7+, C&+ or C9+

cut pretreated in a hydrogenation plant HD1. Plant HD1 used in stage a) is intended for




sel ective hydrogenation of the diolefins, the acetylenics and a fraction of
the al kenyl aromatics. The feed is generally a m xture of olefinic,
aromatic, paraffinic and naphthenic cofrppounds, as well as sulfur, in a
proportion of 20 ppmweight to 1000 ppm weight. 5 Alkylation stage d) is
carried out in the alkylation section that can conprise one or nore
reactors.. The main goal of stage d) is to weight the sul fur conpounds by
addi t i on ofsclomine-hydiedfehasonpo e ntiolefing e d@gdeniBhandsa lffagriore ofrewaiksnyl | kel y
to react are thiophenic conpounds of al kylthiophene type, and to a | esser

extent ner gaphaARs.t YRE RedeUsndsralifla Thafge I SIS drétvi@fid/ epgfiaRny&d si on
of the aromatic conpounds because these conpounds have a much | ower

reactivity y E@%&?ﬁﬂé&&?@'a%w% ‘%]s%!ﬁru &Hwéfzﬁﬁgn&é‘ 14 DIRiA e are

not converte avour e to tane n ntenanc

Sur pri si ngl it has been discovered that |t is possible to aIkyIate t he
al kyl t hi op e#gg whose al kyl groups conprise 1 to 4 carbon atons, notably
the 15 al kylthi ophenes of ethylthiophene di met hyl t hi ophene,

propylthlophe nd butyl ophene type, nmeans .of nono-ol efins

conpri sPng 7 gifygﬁwnasﬁ d‘?’c p& outRdhe %ﬁg}@é 19 sestigmrtat €80 CUBRIETERS Of he
reactivity of long olefins being |ower than the reactivity of short

ol efi ns, i tn@areapwradvant ageous to mx with the feed a stream containing
but enes or pentenes. 20 Al kyl ation stage d) generally consists in
contacting the fraction to be treated wwth a solid acid catal yst under
flow rate, teffhenainpealaddtage d}suwevaghiidhe sufis cempewidsdysalddmnt d meoenot e
the addition of nono-ol efins and al kenyl aromatics to the sul fur conpounds.
The heavy sWfindlpreempaungs febySThOUEE @empo@lds YIikshy o arcb@i hrieNghidpbemit

tenperature
compounds of alkylthiophene type, and to a lesser extent mercaptan type compounds.
10  These reactions involve no conversion of the aromatic compounds because these

compounds have a much lower reactivity than the olefinic and sulfur compounds, and

they therefore are not converted, which is favourable to the octane rumber maintenance.

Surprisingly, it has been discovered that it is possible to alkylate the
alkylthiophenes whose alkyl groups comprise 1 to 4 carbon atoms, notably the

15 alkylthiophenes of ethylthiophene, dimethylthiophene, propylthiophene and
butylthiophene type, by means of mono-olefins comprising 7 carbon atoms or more, and
alkenyl aromatics. However, the reactivity of long olefins being lower than the
reactivity of short olefins, it can be advantageous to mix with the feed a stream

containing butenes or pentenes.

20 Alkylation stage d) generally consists in contacting the fraction to be treated with a
solid acid catalyst under flow rate, temperature and pressure conditions selected so as to
promote the addition of mono-olefins and alkenyl aromatics to the sulfur compounds.

The heavy sulfur compounds thus formed generally have a boiling point temperature




10 that is higher than the typical end point of gasoline, i.e. above 220C
Typically, they can therefore be separated from gasoline by sinple
distillation. The catal yst used in al kyllation stage d) is preferably a

(. solid acid catalyst. Any catalyst likely to pronote the addition of

unsat urat ed hydrocarbon conmpounds to sulfur 5 conpounds can be used in the
present invention. Zeolites, clays, functionalized silicas,

si | i co- al urthaids bighet thandie hpiadl end peingefigaseling dppdiovs 230°@AcTwidallpctheynal
groups, or acid ion-exchanging resins are generally used. Preferably, acid
i on- exchanghn therefsiens sap@ated Gdm gavdlendbedigpralistilpgby meri c aci d-

i on-exchangi ng resins such as sulfonic acid resins. For this application,
the resins 10 marketed by the Rhom & Haas Conpany under the nane Anberl yst

15, Amberlyst 188 cafalydResd ¥ShikFRti6ARtRE IS8 PrettiablySa bR PRSSHAR. use
the TA801 resin marKeted by the Axens Conpany. It is also possible to use

catal ysts ¢ Hfé.‘elg I?(gﬁfbl?r?(ﬁé ﬁleaa(ahﬂfoa%z r»fg?azl%{eﬁ %gd}o@axBﬁxlﬁ g{j‘l&g?&ﬁﬁ'igo I‘?(lﬁﬁn' 963,

obt ai ned by com Xin osphoric aci nor phous "Si I esel guhr
type. Besides supported acids, it is .also possible,  while renaini W t hin
the scope cFPmtpﬂB‘P‘PSi S & sehm fhs pﬁgsgn‘rale,vggmgaZ%c&lt?}n clayy Atiopa lﬁ?ad‘ﬂ as,

i ncluding alumnas, silicas, silica- alumnas, and nore particularly '
zeol i tes sudlifozuminates ayiftogi adipeer gralisd senporta of eeld fungiignglegrotpss or pCid onega,
X, Y, beta, ZSM 3, ZSM 4, ZSM5, ZSM 18 and ZSM 20. The 20 catal ysts can
al so consi gon-efchanging resires and ganarallyused.ewi s aci ds (BF4, BCl3, SbF5 and
Al C13 for exanple) with a non-zeolitic netallic oxide such as silica,
alum na or silica- alum na.
Preferably, acid ion-exchanging resins are used, more preferably polymeric acid
ion-exchanging resins such as sulfonic acid resins. For this application, the resins
10 marketed by the Rhom & Haas Company under the name Amberlyst 15, Amberlyst 35
or Amberlyst 36 can be used. It is also possible to use the TA801 resin marketed by the

Axens Company.

It is also possible to use catalysts based on phosphoric acid, as described in patent

US-6,736,963, obtained by comixing phosphoric acid and amorphous silica of

15 kieselguhr type.

Besides supported acids, it is also possible, while remaining within the scope of the
invention, to use acids based on inorganic oxides including aluminas, silicas, silica-
aluminas, and more particularly zeolites such as the following zeolites: faujasites,

-mordenites, L, omega, X, Y, beta, ZSM-3, ZSM-4, ZSM-5, ZSM-18 and ZSM-20. The
20  catalysts can also consist of a mixture of various Lewis acids (BF4, BC13, SbF5 and
AlCI3 for example) with a non-zeolitic metallic oxide such as silica, alumina or silica-

alumina.




.11 The operating tenperature is generally adjusted according to the

catal yst selected in order to reach the desired sul fur conpound conversion
ratio. The tenperature generally rangegd between 30C and 300C, preferably
bet ween 40C and 250C. In the event that the catalyst used is an acid
i on-exchanging resin, the tenperature 5 does not exceed 200C and
preferably 150C in order to preserve the catalyst integrity. |If the
cat al yst usedThsomrghgIphpehinrasiggnanllsadjustal adcheidpetopler ettaly selsctabove 100C
and bel ow 250C, preferably above 140C and bel ow 220C. i The vol une of

cat al yst UgRr iSreastftheldR@ted ERuF 8dhSoudfl chbR®ryen Hie. Thownpturefceh@ar, t o be
treated to the catalytic volune, also referred to as hourly space velocity,

t}’P' cal l'y r%%e@é&%e% ﬁﬁh"\ﬁ%o@a(g%rg% ab%%té%e'ﬂ 40%'%%%%5 gb' y between 0.07

and nore prefer W The pressure is
generally adjusted in order to keep t he reactlon m xture in the I|qU|d

phase. Typicall ranges bet
preferably b%jt %ggﬁenl tgat e]HSt usgg aci l% Wﬁ?ﬂ%‘%reg’t“ag’ee taﬁljp?r%me
typically carried out in at |east one flxed bed cylindrical, reactor.
However 3 s80&ynt cxeesd 269°C ypersaiesdly hksein exlepto Rrﬁﬁ%@rtﬁ@ caplystigtegitys er abl y
used to guarantee continuous operation despite deactivation of the
catalyst. According to a preferred embodi nent of the invention, the
al kyl ation st Hgbe cetalystrfissdried phasphotid esitli aadilics; dectemipsrabin iethond 106°Gne
anot her, one being in operation while the other is stopped and 20 | oaded
with f resh agdbelbyA50r@adyfefably atmee 130ACSardéeloe2205Cably al l ows to operate
the plant continuously during the replacenent phases or during the phases
of in-situ regeneration of the used catalyst.
The volume of catalyst used is such that the ratio of the volume flow rate of feed to
be treated to the catalytic volume, also referred to as hourly space velocity, typically
10 ranges between 0.05 h' and 5 h', preferably between 0.07 h* and 3 h' and more

preferably between 0.1 h' and 2 h.

The pressure is generally adjusted in order to keep the reaction mixture in the liquid
phase. Typically, the pressure ranges between 1.0 MPa and 4.0 MPa, preferably

between 1.5 MPa and 4.0 MPa.

15 Alkylation stage d) is typically carried out in at least one fixed-bed cylindrical
reactor. However, several reactors operated in series or in parallel are preferably used to
guarantee continuous operation despite deactivation of the catalyst. According to a
preferred embodiment of the invention, the alkylation stage is performed in 2 identical
reactors connected to one another, one being in operation while the other is stopped and

20 loaded with fresh catalyst ready for use. This device notably allows to operate the plant
continuously during the replacement phases or during the phases of in-situ regeneration

- of the used catalyst.




12 According to anot her enbodi nent of the invention, the al kylation stage
is carried out in 3 reactors that can be operated in parallel or in series.
In the latter case, the feed successivBly supplies two reactors, a first
one containing a partly used catal yst and the second containing fresh
catalyst. The third reactor is left stationary, |loaded with fresh 5

catal yst and ready to be used. Wien the catalyst of the first reactor is
deacti vat ed, #geordingdotanpthies embogpiped; of the isentioy the alitytationstaghén caped at ed
in first position and the third reactor, initially stationary, is operated
.in second pESId 3 enctolastatRashetdtébin pagdlzl oF inGRtles. T et hterunkgaltedednd its
catal yst replaced by a fresh catalyst batch. In parallel with the sul fur

conpound aldiyleatii @ sfBAEt hoD feacBkeli % SHoBhiakald @BartiOydkeshiyenmaay ocour

in the reactor, i1nvolving weighting of the hydrocarbon fraction treated.
However, the.ar.o LC t u are hardl|y _ar . even not r in
the. " react oreotiSRRlaig 15 ERTBR RS REErARREI R D R SERIRASE, |

bel ow 5 % whjch |l qws to preserve. the oct unber of the cut. The

sul fur éonﬁa@hﬁt anfiedy oo he afrd” Vhesr o calefit oie BT ThasAch s GREHEGE R
exotherm c character, i.e. they are favoured at |ow 15 tenperature and they
rel ease heatactqrmis gtepped.t the|seernd rehetoh isathen eperatsd iarfdrshpesitien pedadts third
excessive tenperatures in the reactor, it can be advantageous to recycle a

fracti on ofreddns, inttifllyuseatiofsdy, Bfopeluted Raetar(yition. Thestoppedtiirefreddie can
reactor(s). The recycle ratio, defined as the flowrate of recycled

effluent digfdO0RAudWyaded@nd it@léﬁtﬂg&t%ﬂﬁceﬁrlﬁ%rfrésﬁ%ﬂalykmttﬂﬁ! Iy ranges between
0.2 and 4, preferably between 0.5 and 2. 20 In the particul ar case where

the catal yst used is an ion-exchanging resin, it can be advantageous to

use the catal ysty LR i i) bt CRagiag BehiolNRal 68, hrkeiBtafon

generally injected into the reactor ttom” at a sufficient I1near velocity

Lo CaUSR  eactions may occur in the reactor, involving weighting of the hydrocarbon fraction

treated. However, the aromatic type compounds are hardly or even not converted in the
reactor. Generally, aromatics conversion is below 10 %, preferably below 5 %, which -
allows to preserve the octane number of the cut. The sulfur compound alkylation and
olefin dimerization reactions have an exothermic character, i.e. they are favoured at low
15  temperature and they release heat. In order to limit the heat release and not to reach
excessive temperatures in the reactor, it can be advantageous to recycle a fraction of the
effluent(s) of the reactor(s) to the inlet of the reactor(s). The recycle ratio, defined as the
flow rate of recycled effluent divided by the flow rate of fresh feed, typically ranges

between 0.2 and 4, preferably between 0.5 and 2.

20 In the particular case where the catalyst used is an jon-exchanging resin, it can be
advantageous to use the catalyst in a so-called expanded bed. The feed is therefore
generally injected into the reactor bolttom, at a sufficient linear velocity to cause
suspension of the catalyst balls. This type of implementation affords the adva_ntage of

limiting the temperature gradient in the reactor, i.e. the temperature difference between




suspensi on of the catalyst balls. This type of inplenentation affords the
advantage of |limting the tenperature gradient in the reactor, i.e. the
tenperature difference between 13 the Qutlet and the inlet of the reactor,
and of providing good distribution of the liquid hydrocarbon feed and good
t hermal honobgeneity in the reactor. According to a preferred enbodi nent, a
catal yst addition/w thdrawal system can be added to the reactor in order

t o achi eve theoptitieh s hevinteh of Sveatcaditr, mhd of peayiding gbyd disaipution of theHmmel f r esh
catal yst makeup. According to the preferred enbodi nent of the invention, an
aci d i on- ekgdracaybngfeed esd podd/hemedhahygdneitg inthededoreause it is a very
active catalyst allowing the reactor to be operated at a | ow tenperature,.
general ly bel ow 200C, which allows to limt the formation of guns and

pol yners, theA@cd@diﬁgwh?rd‘féwéﬂ afbddeasit! ¥ cAylyaQadrRdE A HAIRawWH syLas tarohe of the
unsat urat ed conpounds of polyolefin or al kenyl aromatic type in the

| nt er medi abgd3tE Y LLAGKINGdLS %%hgo& conthdSus %Rﬁd@?h‘l{ é}fgﬂ;? B@éﬁecai’agls%ﬁ y

(HSV) is { adjusted 1n order to all ow operation owest possi bl e

t enper atur Qnpatd bl ith the desired performances. Typically, the
reactorgcaﬁoage 6@¢8¥%§&%ngﬁphourly space velocity ranging between 0.1
h-* and 2 h-', and at a tenperature bel ow 80C. \Wen the 15 catalyst

deactivates, it is necessary to progressively . raise the tenperature to

mai ntain the PEFF PR dBe preferzed @M@Wr@ thE AnyenBAn. R ﬁl@g%g g
increased until it reaches general[y 150C or 200C nmaxi nrum The used

cat al yst c#¥ibepe giplyst isdsed becansy it isenagry antive edalpsrllowingtbe rdagtor kebe eact or
when it is isolated fromthe circuit or outside the reactor when an

addi ti on/ wiopdrdiedvet| a 180 eypemres gareealiydeeow ALMBCHiwtdch allbhe tb Vipeit ahe

catal yst used, at |east one of the follow ng
formation of gums and polymers, these products forming readily by condensation
10 reaction of the unsaturated compounds of polyolefin or alkenyl aromatic type in the
intermediate steam cracking fractions. Thus, the hourly space velocity (HSV) is
adjusted in order to allow operation at the lowest possible temperature compatible with
the desired performances. Typically, the reactor can be operated at an hourly space
velocity ranging between 0.1 ! and 2 h', and at a temperature below 80°C. When the
15 catalyst deactivates, it is necessary to progressively raise the temperature to maintain the

performances. The temperature can then be progressively increased until it reaches

generally 150°C or 200°C maximum.

The used catalyst can be subjected to a rejuvenation treatment either in the reactor
when it is isolated from the circuit or outside the reactor when an addition/withdrawal
20 system is provided. According to the type of catalyst used, at least one of the following

treatments can be performed:
- washing with oxygenated compounds,

- washing with aromatic compounds,




'\ . treatnments can be performed: - washing wi th oxygenated conmpounds, -

washing with aromati c conpounds, 14 - gas stripping (nitrogen, hydrogen,
steam), - diluted air conbustion. According to a preferred enbodi nent, a
- fraction of the light C5 cut is injected into the heavy Cr+, C8+ or C9+
cut, then sent to the al kylation stage. This m xture allows to 5 increase
the anmount of reactive nono-olefins and thus to favour conversion of the
sul fur comgeusttpping(niega) hydrogen, sieamhge of distillation of the effluent
fromstage d), intended to produce a light fraction that can be directly

used as a gasal ibne base..and a heavy O 1+ or Cl2+ fraction 10 rich in
sul fur corrp@@ﬁ%g aﬁﬁ&“@%&’nas mddle distillate or fuel oil. The Iight

fraction has an end point generally bel ow 230C and preferably bel ow 220C.
Description of the figures. Figure .l Figyre.l s , referred embodi ment
of “the'i nvent AsHogd paRgreed Sabntiment T HisCion 300N lefhES FCRARerELTEd | n
sel ective hydrogenation plant HDL to achi eve notably dedienization and
prior redudhdemveCTt-hedhokSAy lcuhihsraentde thepley] i stagiez Els pasiyre dlomedd at es

through line 2 and it is fractionated in a distillation colum 3 into a C5

fracti od ciin@edsathenagndumt ofigphctivermronb-oltfy andlthys to dawont echviesist @dhe sdfucki ng
or used as gasoline base, and a 6+ fraction circulating in line 5. This
C6+ cut is chrpetddnated in a

Stage e)

It is a stage of distillation of the effluent from stage d), intended to produce a light
fraction that can be directly used as a gasoline base, and a heavy C11+ or C12+ fraction
10 rich in sulfur compounds and used as middle distillate or fuel oil. The light fraction has

an end point generally below 230°C and preferably below 220°C.

Description of the figures

Figure 1

Figure 1 shows a preferred embodiment of the invention. The feed is- supplied

15 through line 1 and treated in a selective hydrogenation plant HD1 to achieve notably

dedienization and prior reduction of the alkenyl aromatics. The dedienized feed

circulates through line 2 and it is fractionated in a distillation column 3 into a C35

fraction circulating through line 4, typically recycled to steam cracking or used as
gasoline base, and a 6+ fraction circulating in line 5. This C6+ cut is fractionated in a .

20  distillation column 7 into a C6-C, fraction (where n=7 or 8) circulating in line §, and a

Cyrt fraction circulating in line 9. The C6-C, cut supplies a hydrotreating plant HD2

that achieves deep desulfurization of the C6-C, cut and deep hydrogenation of the




20 distillation colum 7 into a C6-Ca fraction (where n=7 or 8) circulating
inline 8 and a C,,+ fraction circulating in line 9. The C6-C' cut
supplies a hydrotreating plant HD2 thats achi eves deep desul furization of

- the C6-Co cut and deep hydrogenation of the 15 nono-olefins. The

LD145/ HR406 catal ysts marketed by the Axens Conpany can for exanple be
used to carry out this stage. The treated C6-Co cut discharged through |ine
10 can havenorberefgaitbt d,D14543R40tacntd ypp mankitghby shd AwensaBoinpanyscapfan 50
ppm wei ght nono-ol efins. One generally tries to mnimze hydrogenation of

t he aronat iegsmple behised @itarky 6@ (RS sta@e TR HdatQ] CHE, louf dikéHABledrtRGOYIETNe f OF
petrochem cal applications. The Co+1+ cut |eaving the bottom of colum 7

t hrough Ii | lhadd j- " n
Kyl ated ot o eSS b £ 90 A SiAP Bl R e iRt eat
fraction f th fromcolu 3.h ns of. |i 6_into the. feed of
Lhe' al kyl ati R Sl BH et Pl st ehuntis To R EaThign pP By Sricdieds VB B e
and thus to favour the conversion of the 10 sul fur conpounds. The cut
produced i f°&f K Pyripie ek fipfhonieroyesy dgnpetiorheasnigh appheatipps. Thy Gt cut
distillation colum 12 so as to produce, at the top, a sulfur-depleted
Cn+1- C12 cugavingdbebelter of keloogty thirovgh ie Srpplinsatigdaionseptonud bl insrdgasol i ne
base and, at the bottom a Cl2+ cut recovered through Iine 14 that can be
used as furmameubaied alrylateineht wdvervakd thirbegh Bid UMt Bouedbleds igkdt\al fadetion i n t he
al kyl ati on section are concentrated. The Co+1-Cl2 cut 15 recovered through
line 13 gengtir!dyc@hatfamneSsy hBaR oFBfe BRI S fobd of BE aﬁayﬁalﬁohgéc@iohla@n 50

ppm sul fur or, with a view to the production of very |ow Sul fur gasolines,

less than ,{Q, HRP%?&‘ Mﬁ]u%ur%%g%lfg%cgixg WBHRE ofid TRV Bvdl ShELEAR PR gent  of

al kyl ati on stage

10 sulfur compounds. The cut produced in alkylation section ALK is sent through line 11
to a distillation column 12 so as to produce, at the top, a sulfur-depleted C,,—C12 cut
recovered through line 13 and intended to be used as gasoline base and, at the bottom, a
C12+ cut recovered through line 14 that can be used as furnace fuel oil and wherein the
sulfur compounds alkylated in the alkylation section are concentrated. The C,.,—C12 cut

15 recovered through line 13 generally contains less than 100 ppm sulfur, or even less than
50 ppm sulfur or, with a view to the production of very low sulfur gasolines, less than

10 ppm sulfur,

Figure 2

Figure 2 shows a preferred embodiment of alkylation stage d). The alkylation

20  section consists of two reactors R1 and R2 that can be operated in parallel. The C,.,
fraction (where n=7 or 8) recovered from diétillation column 7 through line 9 is possibly
mixed with a fraction of the C5 éut through line 6. The mixture thus obtained (line 9a)

is sent to reactor R1 through line 9b and the alkylation product is recovered through line

9d. During this stage, reactor R2 is loaded with fresh and active catalyst, and it is left




20 section consists of two reactors R and R2 that can be operated in
parallel. The Co+l fraction (where n=716or 8) recovered fromdistillation
colum 7 through line 9 is possibly mxed with a fraction of the C5 cut
through line 6. The mi xture thus obtained (line 9a) is sent to reactor Rl
through line 9b and the al kyl ati on product is recovered through line 9d.

During thi §taﬁ5@egf.,mﬁ§qh@rcaﬁ2ysk sohap@ednweidiof Rasis duadtietdd, weactat Bl yist, and
it is left 16 stationary. Wen the catalyst contained in reactor Rl is

deacti vat egﬁoﬁﬁ%ﬁd@ %&é@_b%%% s do thgidraedioudhaider@atrae aikglasient to

reactor R2 ylation product 1s recovered through

line 9e. Meanwhile, the talyst contain inr - and
repl aced by gk rheayaegeponhfite SN PRl fe RGN optlnlein AR 3
conti nuous operation even when the catal yst is_%&gc ivat$@§¥ Fx%ggues The

f ol | owi ng ¢ and geplpesdsby riregh reatplyst-nd ig (Rapiae y‘seé’éctea S MSPEr at i ng
conditions that can be used in the nmethod according to the invention.

Napht ha sst eantigroas kpergtiaf éleneovites the eatflysct desptdtad®dl. in an ef fl uent treating
plant, 10 conprising primary distillation, so as to produce notably a
pyrolysis gasoline cut a, conprising essentially C5 and heavier '

hydrocarbons ®Rafpledn ASTM end point of 210C. This pyrolysis gasoline cut
a has the follow ng characteristics: gi - Sulfur content: 200 ppm wei ght

15 - Conposition of the rolysis gasoline cut. a (w.?9 4 C6.C7 CS
C9 C10 gﬁl C1 Fheelleying e%%mpley descriges in a non 1m1tat1vcg way @ata%?sts an(f:gperatmg

conditions that can be used in the method according to the invention.

Naphtha steam cracking effluents are fractionated in an effluent treating plant,
10 comprising primary distillation, so as to produce notably a pyrolysis gasoline cut a,
comprising essentially C5 and heavier hydrocarbons up to an ASTM end point of
210°C.
This pyrolysis gasoline cut o has the following characteristics:

- Sulfur content: 200 ppm weight

15 - Cbmposition of the pyrolysis gasoline cut a. (wt.%)

C3 C4 C5 Cé c7 C8 c9 C10 Cil | C12+ | Total

n-paraffins 0.0 0.1 3.6 13 0.2 0.0 0.0 0.0 0.0 0.0 52
i-paraffing 0.0 2.7 14 0.3 0.4 0.1 0.0 0.0 0.0 4.9
mono-olefins | 0.2 0.6 3.3 L7 0.7 1.0 04 | 03 L0 0.9 12.1
diolefins 0.0 1.1 10.3 3.9 34 1.8 0.1 20.8
naphthenes 0.5 1.3 0.5 0.1 0.0 0.0 0.0 0.0 25
aromatics 26.6 11.8 4.2 20 19 0.7 0.1 47.3
alkenyl 35 31 0.5 0.0 0.0 71
aromatics
Total 02 1.8 224 | 364 | 135 9.2 56 | 62 3.6 11 100.0




- arafns 0.0 0.1 3.6 1.3 0.20.00.00.00.00.05.2 i- araffins 0.0 2.7
4 0.30.40.120.00.00.04.9 nono-olefins 0.2 0.6 5.31.70.71.00.4
31.00.912.1 diolefins 0.0 1.1 10.318.9 3.4 1.8 0.1 20.8 na hthenes
51.30.50.10.00.00.00.02.5 aromatics 26.6 11.8 4.2 2.0 1.9 0.7
.1 47.3 alkenyl 3.5 3.1 0.50.00.07.1 aromatics Total 0.2 1.8 22.4

36 4 13.59.25.6 6.2 3.6 1.1 100.0 17 This pyrolysis gasoline cut is

treated accor ¢hiyg c;!r@l hl@%amﬁae R8Sis! Batdt acdesittg foedle ipfoceld Byow describat ah yst
and operating con

used for st oDl consists of 0.3 w.% pal | adi um deposited on a 5 porous
alum na support. The catalyst is arranged in two beds in a reactor with a
device allowing to inject a fluid notably intended to cool the reaction
m xture betwe ds... 3 'r s foll ows:
React or outle%ﬁ'laﬁh‘&alIl Qﬁl i ] fj13 0 MPa
Hourly space vel ocity: 2.4 h' . Hydrogen ratio (total gas at reactor
inlet): 90 NthBWdfa@ﬁ;elms@BforrﬁtagfeeIQDl cheisRr Vs twitoh yallhdidinod¢peasiteldor 8
distilled in order to separate the C5, C6-C8 and '

5  porous alumina support. The catalyst is arranged in two beds in a reactor with a device

allowing to inject a fluid notably intended to cool the reaction mixture between the two

beds.

The operating conditions are as follows:

Reactor outlet temperature: 110°C
10 Reactor outlet pressure: 3.0 MPa

Hourly space velocity: 2.4 h.
Hydrogen ratio (total gas at reactor inlet): 90 Nm?® hydrogen per m’ feed.

The product thus hydrotreated is distilled in order to separate the C5, C6-C8 and

CO+ fractions.

15 The C9+ fraction referred to as fraction p has the following characteristics:

ASTM distillation range: 145°C-218°C

Density: 0.9

Sulfur content: 300 ppm weight

Aromatics content: 58 wt.%, including 1.0 wt.% diaromatics
20 Mono~oleﬁn$%parafﬁns+naphthenes content: 37 wt.%

Dioleﬁns+a1keny1 aromatics content: 5 wt.%.




C9+ fractions. 15 The CO9+ fraction referred to as fraction has the

follow ng characteristics: ASTMdistillation range: 145C- 218C Density: 0.9
Sul fur content: 300 ppm wei ght Aromaticg content: 58 wt.% including 1.0

W . % di aromatics 20 Mono-ol efi ns+par af fi ns+napht henes content: 37 w. %

Di ol ef i ns+al kenyl aromatics content: 5 w.% 18 Catal yst and operating
conditions of the alkylation stage The catal yst used for the al kyl ati on
stage i s the TASRit adiopdetihaymditiormrof eeedkisionseageAxens Conpany. The
catalyst is arranged in a single bed. The operating conditions are as
follows: 5 Reactor inlet tenperature: 80C Reactor outlet pressyre: 3.0
MPa Hourly spheentalytysed fpr thy abisylption staggés the deiOd a@lﬁ@ﬂ%&@%ﬁ@é N ike
referred to as gasoline y has the following characteristics: 10 ASTM

di still ati dwxena@igepariyd e 2851@st iDemstigey in HsiBPeBadf ur content: 300 ppm wei ght
Aromatics content: 57 wt.% including | %diaromatics defins content: 33
w . %

The operating conditions are as follows:

5 Reactor inlet temperature: 80°C
Reactor outlet pressure: 3.0 MPa

Hourly space velocity: 0.25 b

The product thus recovered and referred to as gasoline y has the following

characteristics:

10 ASTM distillation range: 145°C-285°C
Density: 0.92
Sulfur content: 300 ppm weight
Aromatics content: 57 wt.%, including 1 % diaromatics

Qlefins content: 33 wt.%.

15 Gasoline y is then distilled in order to recover a first light fraction y1 whose boiling

range corresponds to the gasoline cut, and a heavy fraction y2.

The characteristics of gasoline y1 are as follows:

ASTM distillation range: 145°C-220°C
Density: 0.9
20 Sulfur content: 46 ppm weight
Aromatics content: 58 wt.%, including 1 % diaromatics

Olefins content: 27 wt.%.




15 Gasoline y is then distilled in order to recover a first light fraction
yl whose boiling range corresponds to the gasoline cut, and a heavy
fraction y2. The characteristics of gaseline yl are as follows: ASTM

- distillation range: 145C- 220C Density: 0.9 20 Sulfur content: 46 ppm

wei ght Aromatics content: 58 wt.% including 1 %diaromatics Odefins
content: 27 wt.% 19 The end point of gasoline yl can be adjusted

according to tpe aﬁﬁqidlﬁteofsmsmﬁd Gat bQﬂ%eOfadﬁ‘l@t%H ERUALIAY -to THR gasoline
characteristics of gasoline y2 are as |l ows: ASTM distillation range:

220C- 285C 58&3%&3%0?%&%3% ﬂmﬁﬁgo ppm WEI ght. Gasol ine yl can be

i ncor porate I'Tec wsul fur gasoline pool. Gasoline y2 can be
used as furnace fuel oil. 20 CLAIMS 1) A nethod for treating a hydrocarbon

st eam cracki ng, ef !l uent correspondl ng to cut having a boiling point
tenperature rangChyapEEshice AT srokpRy2Epes Polgisr i sing: a) at | east one stage
of selective hydrogenation of the feed, referred to as HD1, 5 b)

fractionating Aﬁhﬁ%ﬁst@éﬁ%@feﬁg b¢d bgffdd)n columms the effluent from stage
u

a) in order to one Tight C5 cut, an internediate C6 or
©6- C7 Or 6- C%ufff{r content: 1300 ppm weight.

Gasoline y1 can be incorporated directly to the low-sulfur gasoline pool.

Gasoline y2 can be used as furnace fuel oil.




i ntended for aromatics production, a heavy Cr7+ or C8+ or C9+ cut intended
for gasoline production, c) at |east one stage of hydrodesul furization and
deep hydrogenation of the 10 internedizte cut, referred to as HD2, d) at

' least one stage of al kylation of the heavy C7+, C8+ or C9+ cut, wherein a

fraction of the light C5 cut is injected into the heavy C7+, C8+ or C9+ out
before said alkylation stage, said stage being operated at a tenperature

t hat ranges between 30C and 300C, a hourly space velocity that ranges
between 0.05 h' and 5 h, and a presse g that ranges between 1.0 MPa and
4.0 MPa, wherein the stage of al kylation consists of a treatnent on a
solid acid catal yst selected fromthe group consisting of acid ion-
exchanging resins, zeolites, clays, functionalized silicas,

o1 11 c0-al um Ny 85 aAedReof) Sl Bel PLELA SA BURRGRI, Bl AGhicfunct | onal

groups, e) at 1'east one ion o age

d), |ntended to. pr ce 20 a light fraction thag di rectl, used as a
| owsul fur© mgﬁgwg%%gem%anaerﬁ ULR (pneng petwegp %C,Ci 21%“? ?E%& PEORPIAY
sul fur conpounds used as mddle distillate or fuel oil. 21 2) A nethod as

claimed in cl g Mchet Ma&ERE 0T Eéi@ctﬁ@h?h%%&ndﬁ%n%Fhﬁ%é%ﬂréf&‘?é& thag pgsoup  rmade

up of acid ion-exchangi ng resins A”method as clainmed in any one of the
previ ous clains, wherein alkylation stage d) is carried out in several
reactor$§ operhk ﬁdctiomaﬁm ireen®or inorgdistllitedn cdums fhenefflhed fasm clage mpdn i n
claim 3, wherein alkylation stage d) is carried out in tw identical

reactors cenietd Pﬂ)dh@e enRaA AL Mght CoNnet, kel IABrh&lifp TEd 0B-Ovhéd €6-08ecudt her
is stopped and | oaded with fresh cat al’ yst ready for use.
intended for aromatics production, a heavy C7+ or C8+ or C9+ cut intended for

gasoline production,

c) at least one stage of hydrodesulfurization and deep hydrogenation of the

10  intermediate cut, referred to as HD2,

d) at least one stage of alkylation of the heavy C7+, C8+ or C9+ cut, wherein a
fraction of the light C5 cut is injected into the heavy C7+, C8+ or C9+ cut before said
alkylation stage, said stage being operated at a temperature that ranges between 30°C
and 300°C, a hourly space velocity that ranges between 0.05 h™* and 5 b, and a pressure

15 that ranges between 1.0 MPa and 4.0 MPa, wherein the stage of alkylation consists of a
treatment on a solid acid catalyst selected from the group consisting of acid ion-
exchénging resins, zeolites, clays, functionalized silicas, silico-aluminates with an

acidity and grafted supports of acid functional groups,

¢) at least one stage of distillation of the effluent from stage d), intended to produce
20  alight fraction that can be directly used as a low-sulfur gasoline base, and a heavy C11+

. or C12+ fraction rich in sulfur compounds, used as middle distillate or fuel oil.




- 5) Anmethod as clained in any one of clains 3 or 4, wherein a fraction of
the effluents of alkylation stage d) is recycled to the inlet of the

al kyl ation reactors. 10 6) A nmethod as ©lained in claim2, wherein the

catalyst is used in an expanded bed. 7) A nethod as clainmed in any one of

claims 3, 4 or 5, wherein a catalyst addition/wthdrawal systemis added

to the reactors of stage d) in order to continuously wthdraw used

catal yst and £bAhastbod peshinesl ialojsim Tyekerainp theSptalysiist detedtedfrarh sliengroup N any

one of the previous clains, wherein the catalyst(s) 15 used for stage d)

are subj ectnedletnp ofaciéidhexvhbh@ng fdsp@t ment either in the reactor when it is

I solated fromthe circuit or outside the reactor when an

addi tion/w thdrawal systemis provided.

3) A method as claimed in any one of the previous claims, wherein alkylation stage

d) is carried out in several reactors operated in series or in parallel.

5 4) A method as claimed in claim 3, wherein alkylation stage d) is carried out in two
identical reactors connected to one another, one being in operation while the other is

stopped and loaded with fresh catalyst ready for use.

5) A method as claimed in any one of claims 3 or 4, wherein a fraction of the

' effluents of alkylation stage d) is recycled to the inlet of the alkylation reactors,
10 6) A method as claimed in claim 2, wherein the catalyst is used in an expanded bed.

7) A method as claimed in any one of claims 3, 4 or 5, wherein a catalyst
addition/withdrawal system is added to the reactors of stage d) in order to contimiously

withdraw used catalyst and to have fresh catalyst make-up.

8) A method as claimed in any one of the previous claims, wherein the catalyst(s)
15 used for stage d) are subjected to a rejuvenation treatment either in the reactor when it is
isolated from the circuit or outside the reactor when an addition/withdrawal system is

- provided.




