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Reference is made to the above applications for further details of the process

described below, as they are referred to in this application.

BACKGROUND OF THE INVENTION

[0004] In recent years, environmental laws and regulations the have limited
the amount of benzene which is permissible in petroleum motor fuels. These
regulations have produced substantial changes in refinery operation. To comply
with these regulations, some refineries have excluded Cs compounds from
reformer feed so as to avoid the production of benzene directly. An alternative
approach is to remove the benzene from the reformate after it is forrned by

means of an aromatics extraction process such as the Sullfolane Process or



means of an aromatics extraction process such as the

Sul | f ol ane Process or UDEX Process. Wl | -integrated
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Process, used a fluidized zeolite catalyst in a riser reactor to alkylate benzene in
reformate to from alkylaromatics such as toluene. The MBR and MOG
processes are described in U.S. Patents Nos. 4,827,069; 4,950,387; 4,992,607

and 4,746,762.

[0006] Another problem facing petroleum refineries without convenient
outlets for petrochemical feedstocks is that of excess light olefins. Following the
introduction of catalytic cracking processes in petroleum refining in the early
1930s, large amounts of olefins, particularly light olefins such as ethylene,
propylene, butylene, became available in copious quantities from catalytic
cracking plants in refineries. =~ While these olefins are highly useful as
petrochemical feedstocks, the refineries without petrochemical capability or

economically attractive and convenient markets for these olefins may have to



cracking plants in refineries. Wile these olefins are
hi ghly useful as petrochem cal feedstocks, the
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for additional olefin utilization capacity.

[0007] Refineries without their own petrochemicals plants or ready markets
for benzene or excess light olefins therefore encounter problems from two
different directions and for these plants, processes which would enable the
excess olefins and the benzene to be converted to marketable products would be

desirable.

[0008] The fluid bed MBR Process uses a shape selective, metallosilicate
catalyst, preferably ZSM-5, to convert benzene to alkylaromatics using olefins
from sources such as FCC or coker fuel gas, excess LPG or light FCC naphtha.
Normally, the MBR Process has relied upon light olefin as alkylating agent for

benzene to produce alkylaromatics, principally in the C;-Cg range. Benzene is



[0008] The fluid bed MBR Process uses a shape
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MOG and MBR processes, have encountered the disadvantage of needing to a
greater or lesser degree, some capital expenditure, a factor which militates

strongly against them in present circumstances.

[0011] For these reasons, a refinery process capable of being installed at
relatively low capital cost and having the capability to alkylate benzene (or other
aromatics) with the olefins would be beneficial to meet gasoline benzene
specifications, increase motor fuel volume with high-octane alkylaromatic
compounds and be economically acceptable in the current plant investment
climate. For some refineries, the reactive removal of C,/Cs; olefins could
alleviate fuel gas capacity limitations. Such a process should:

Upgrade C; and C; olefin from fuel gas to high octane blending gasoline



relatively | ow capital cost and having the capability

to al kyl ate benzene (or other aromatics) with the
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pripriessaskdravekachiceved comercial scale use in the
petrochem cal field. The Cunene Process offered for
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Corporation and now by ExxonMobil Chemical Company is a low-capital cost
process using a fixed bed of a zeolite alkylation/transalkylation catalyst to react
refinery propylene with benzene to produce petrochemical grade cumene.
Processes for cumene manufacture using various molecular sieve catalysts have
been described in the patent literature: for example, U.S. 3,755,483 describes a
‘process for making petrochemical cumene from refinery benzene and propylene
using a fixed bed of ZSM-12 catalyst; U.S. 4,393,262 and U.S. also describe
processes for making cumene from refinery benzene and propylene using ZSM-
12 catalysts. The use of other molecular sieve catalysts for cumene manufacture
has been described in other patents: U.S. 4,891,458 describes use of a zeolite
beta catalyst; U.S. 5,149,894 describes the use of a catalyst containing the sieve
material SSZ-25; U.S. 5,371,310 describes the use of a catalyst containing the
sieve material MCM-49 in the transalkylation of diisopropyl benzene with

benzene; U.S. 5,258,565 describes the use of a catalyst containing the sieve
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about 260°C (500°F), with consequent loss of this product.

Summary of the Invention

[0014]  We have now devised a process which enables light refinery olefins
from the cracker (FCCU) and other sources to be utilized for the alkylation of
benzene from refinery sources to produce gasoline boiling range products. The
process achieves good utilization of both the ethylene and the propylene present
in a mixed olefin feed from the unsaturated gas plant (USGP) while operating
under conditions favorable to the utilization of both these olefins. Thus, the

present process enables the refinery to comply with gasoline benzene



the FCCU. \Wile inproved ethylene utilization could in
princi ple, be achieved by higher tenperature
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{M@%ﬁ%kﬁ‘i}’ém whi ch conprises a nenber of the MAW
famly of zeolites and an internedi ate pore size

DRAWINGsuch as ZSM5. The process is carried out in a
fi xed bed of the catalyst.

[0016] Figure 1 shows a process schematic for the aromatics alkylation unit

for converting mixed light refinery olefins and benzene to motor gasoline.

DETAILED DESCRIPTION OF THE INVENTION

Process Configuration

[0017] A schematic for an olefin alkylation unit is shown in simplified from
in Figure 1. A light mixed olefin feed, typically C, and C; olefins (ethylene and
| propylene), optionally mixed with C, olefins such as the stream coming from the
unsaturated gas plant associated with an FCCU, is led into the unit through line
10 and combined with a light aromatic stream containing benzene entering
through line 11 before passing through heat exchanger 13 in which it picks up
heat from the reactor effluent before being brought to reaction temperature in

heater 14 from which it passes to reactor 15 by way of guard bed reactor 16a.
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separate reactors with direct cascade of effluent from the first stage (MWW
zeolite) to the second stage (infermediate pore zeolite) in order to take advantage

of the temperature requirements of the second stage reactions.

[0019]  Effluent passes out of the reactor through heat exchanger 13 and then
to flash drum 20 in which the light ends are separated from the product. The
alkylaromatic product passes out of flash drum 20 through line 22 to the
fractionator 25 to provide the final stabilized gasoline blend component in-line
26 with reboil loop 28 providing column heat; light ends from the fractionator

pass out through line 27 from reflux loop 29.

[0020]  The catalyst used in the guard bed will normally be the same catalyst
used in the alkylation reactor as a matter of operating convenience but this is not

required: if desired another catalyst or sorbent to remove contaminants from the



the beds with the MW zeolite to the beds with the

internmedi ate pore size zeolite. If desired or if, for
We2@op98 exi sti ng equi pnent requi renments nakePCT/US2006/007170

attractive, the reactions odver the successive zeolites

may be carried out in separate reactors with direct

cascade of effluent fromthe first stage (MW zeolite)

to the second stage (internediate pore zeolite) in

order to take advantage of the tenperature

feed mayensatt, sypicatlia cwepadgearddwdr wabentong. 4 @sadpatalyst from
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ef Lux Jd oop 29. [0020] The catal yst used in the guard
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a sorbent such as alum na.” The objective of the guard

bed is to renove the contam nants fromthe feed before
M{eWiae9dite ones to the reaction catal yst and provi ded

that this is achieved, there is wide variety of choice
[as23jo gledVORFW charaly of szealite auateiiials dres acghgéwdd trecognition as
this end. Catalyst System [0021] The catal yst system

havine | & Cheragleaistint THBeuak cHriciiss (Whic sé@ﬁ%ﬁnﬁ unique and

BB o RE" Py TR TR “oqpiss of o
LR 28,02 it Wik gesice 0D TRy o
dimengiontl ochamsel separated from each other by a second, two dimensional
pore system comprised of 12 MR super cages connected to each other through
10 MR windows. The crystal system of the MWW framework is hexagonal and
the molecules diffuse along the [100] directions in the zeolite, i.e., there is no
communication along the ¢ direction between the pores. In the hexagonal plate-
like crystals of the MWW type zeolites, the crystals are formed of relatively
small number of units along the c direction as a result of which, much of the
catalytic activity is due to active sites located on the external surface of the
crystals in the form of the cup-shaped cavities. In the interior structure of certain
members of the family such as MCM-22, the cup-shaped cavities combine
together to form a supercage. The MCM-22 fémily of zeolites has attracted
significant scientific attention since its initial announcement by Leonovicz et al.

in Science 264, 1910-1913 [1994] and the later recognition that the family
includes a number of zeolitic materials such as PSH- 3, MCM-22, MCM-49,



havi ng a characteristic framework structure which

presents unique and interesting catal ytic properties.
wab@cWidg opol ogy consi sts of two i ndependent POCF/ES2006/007170

systens: a sinusoidal ten-nenber ring [10 MRl two

di mensi onal channel separated from each other by a

second, two di nensional pore system conprised of 12 MR

super cages connected to each other through 10 MR

VM= 4o FRErbt SEOF ESut otBG” al i Fhé{ fdpE Annual

l\ggé}]ﬁ%h%-lj’@%?gﬁ.%l ite, i.e., there is no

icatio ong the c direction between the pores.
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DI AR AL B LSS picahe thrveed dincly
by galdigati®@mioatMCMP2 iwhichaks pdegtieil v | talomebCWIZR1-49, an

_precursor or MCM 56, depending upon the silica: )
infermediate parodncyfobisiaed My the coptdhzation of therendemly oriented,

Sisintipsied MCMSE. ' BEMERRLS, thé 1erd St EAIERLy bonded with an
interlaminar spacing slightly greater than that found in the calcined MCM-
22/MCM 49 materials. The unsynthesized MCM-56 may be calcined itself to
form calcined MCM 56 which is distinct from calcined MCM-22/MCM-49 in
having a randomly oriented rather than a laminar structure. In the patent
literature MCM-22 is described in U.S. Patent No. 4,954,325 as well as in U.S.
5,250,777; 5,284,643 and 5,382,742. MCM-49 is described in U.S. 5,236,575;
MCM-36 in U.S. 5,229,341 and MCM-56 in U.S. 5,362,697.

[0024] A preferred zeolitic material for use in the catalyst of the present
process is MCM-22 although zeolite MCM-49 may be found to have certain
advantages relative to MCM-22. In certain cases MCM-49 exhibits greater
activity than MCM-22, possibly as a result of the greater specific surface area of



conprising H bonded vertically aligned |ayers is

produced whereas randomly oriented, non-bonded | ayers
Wo@RooMIMOBES are produced at |ower silica: al un P@er/US2006/007170

rati os. Both these materiall¥ may be converted to a

swollen material by the use of a pillaring agent and

on calcination, this leads to the lamnar, pillared

structure of MCM 36. The as-synthesized MCM 22

precursor can be converted directly by calcination to
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i ntermedi ate product obtained by the créftallizati n
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as been foun 0 be
[0025] MCM-22 and other catalysts of this family may be regenerated after
catalytic use in the cumene, ethylbenzene and other aromatics production
processes 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 most
of its fresh activity after the first regeneration. Even after multiple regenerations,
e.g. 6 to 8, a reasonable and acceptable level of activity is retained. Following
the air oxidation, the catalyst may be reconditioned by aqueous reconditioning
treatment using water or a mildly alkaline solution, for example, a dilute solution
of ammonia or sodium carbonate. Treatment with water alone at ambient
temperatures has been found to be effective: the air-regenerated catalyst is

cooled and then immersed in a water bath after which it is dried and returned to



highly effective in the present condensation process

is MCM 22 which is previously been used for the
w@e@dogsodon of aromatics such as et hyl benzene BPCT/US2006/007170

cunmene, normally using readtions such as al kyl ati on

and transal kyl ati on. The cunene production

(al kyl ation) process is described in U S. Patent No.

US 4992606 (Kushnerick et al). Ethyl benzene production

processes are described in U S. Pat. Nos. 3,751,504 ..
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f oun e effective: the air- re&;:/lner ated catal yst is
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the surface of the zeolite to be re-fornmed after the )
nnegEnEen pormwindsaysrene aiystal atructure formed by 10-membered rings.
The designation "intermediate pore size" means that the zeolites in question
generally exhibit an effective pore aperture in the range of about 0.5 to 0.65 nm
when the molecular sieve is in the H-form. The effective pore size of zeolites
can be measured using standard adsorption techniques and compounds of known
minimum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974

(especially Chapter 8), and Anderson et al, J. Catalysis 58, 114 (1979).

[0027]  The medium or intermediate pore zeolites are represented by zeolites
having the structure of ZSM-5, ZSM-11, ZSM-23, ZSM-35, ZSM-48 and TMA
(tetramethylammonium) offretite. Of these, ZSM-5 and ZSM-11 are preferred



consequent restoration of catalytic properties which,

in favorabl e cases, may provide a catal yst al npost
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Zeolite [0026] In addition18o the MMM cont ai ni ng

conmponent, the catal yst systemal so contains a

different, second conponent which is a catal yst

containing an internedi ate pore size zeolite. The

internediate (or mediu pore size zeolites are by now
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[0029]  For the purposes of the present process, the catalyst should have an
alpha value greater than about 1.0; if it has an alpha value no greater than about
0.5, will be considered to have substantially no activity for cracking hexane.
The alpha value of the intermediate pore size zeolite of the ZSM-5 type will
normally be at least 10 or even higher, for exanriple, from 50 to 100 or even
higher but it has been found that higher alpha values may increase undesired
cracking activity. In comparative tests with ZSM-5 samples with alpha values of
3, 12 and 56, it was noted that the low activity ZSM-5 (alpha=12) had much
lower cracking activity than the more acid counterpart (alpha=56). A further
decrease in cracking activity was observed as the alpha was lowered to 3. Thus,

low alpha medium pore zeolites (alpha below 20 and preferably below 10) may



catal yst systemused in the present process is

significant. The acid activity of zeolite catalysts is
waeorvspnioent | y defined by the al pha scal e descrP@PUS1006/007170
J. Catalysis, Vol. VI, pp. 1278-287 (1966) and Vol . 61,

395 (1980), to which reference is nmade for a

description of the test. In this text, the zeolite

catalyst is contacted with hexane under conditions
prescribed in the publication, and the ampunt of
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pefeateylst (see "The Active Site of Acidic
Alum nosilicate Catal ysts," Nature, Vol. 309, No.
95 9-591, (1984)). The experinental conditions of
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te erature of 538 C. and a variable flow rate as
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mamaed catalyst, the active ingredient will typlcally 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 catalyst. Unbound (or, alternatively, self-bound)
catalysts are suitably produced by the extrusion method described in U.S. Pat.
No. 4,582,815, to which reference is made for a description of the method and of

the extruded products obtained by its use. The method described there enables



tenperatures may enable nore active zeolites to be
used without incurring a penalty. The al pha val ue of
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|l east 1 are required for pdfceptible activity higher
val ues over 10 may be preferred. Catal yst Matrix
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(or, alternatively, self-bound) catal ysts are
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produced by the extrusion nmethod described in
[0032] The light olefins used as the feed for the present process are normally
obtained by the catalytic cracking of petroleum feedstocks to produce gasoline
as the major product. The catalytic cracking process, usually in the form of fluid
catalytic cracking (FCC) is well established and, as is well known, produces
large quantities of light olefins as well as olefinic gasolines and by-products such.
as cycle oil which are themselves subject to further refining operations. Other
processes which produce olefins may, however, be used as a source of the light
olefins used in the present process, for example, thermal crackers, visbreakers
and cokers. Even though these sources may produce feeds containing diolefins,
the zeolite catalysts described here are relatively stable to such feeds as the
desired catalytic reactions take place upon the surface of the zeolite rather than

within its interior pore structure.



No. 4,582,815, to which reference is made for a
description of the nethod and of the extruded products

W@ bacaiop®as by its use. The net hod descri bed theP&r/US2006/007170
enabl esext radat es havi ng hilgh constraining strength to
be produced on conventional extrusion equi pnment and
accordingly, the nethod is emnently suitable for
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bR P TEY it QegBRe e BFY S0 ST BEH)r GREa] drectly into
ﬂg{; ?g)a\eébﬁﬂé ;ﬁbhﬁ+taW}féPe ftﬁéygl@gmﬁgegagfy;ﬁeceﬁﬁbﬂﬁoh% octane.

rent catal yst conmpon ering
Asotper dotsrendindinki risns aheis doopfovesying veitldithé ¢rghidr olefins is
equi l i bria as discussed above. For this reason, the
thatoupen sliyglationmstetidl wnd todosmntelptiealyi hiske parbeme number
sequenti al  beds; .each catal yst conponent be . -
RGHHH il T nEsE haHbGAET et e URRFE FBHcblgpengroline boiling
r%@%:e GhORn 'hq%}; NButOLALredSS |coRBRb ERRUdRI: TRE present
s nmay be contained in a single reactor or 1n

PEEERE fsehighdy t aventddeshis MnFaRd { 08FhteIheealliighhot only on the
ol efins used as the feed for the present process are

propytent yn dhe anixed dgfinHeed dualajeo wity etbilang anfd thus provides a
‘%f%?g% ?Sﬁ{eﬁ%ﬁ%ﬁeﬁ;@ﬁﬁﬁé G26RuweBy FRadvey FHhe desired
N TG e T

afdafidatirges Ot ohtafiihardth 6ot thodm) ie! divés iRl 'Bibl@ilcbelow and of a
gasol i nes and by-products such as cycle oil which are
(:REpFEOIC/ gas grdsne ot Tablefdir t her refini ng operati ons.

O her processes which produce ol efins may, however, be
used as a source of the |ighbieol efins used in the

present process, for @Q\E%ﬁmh‘bg crackers,
vi sbr eaker s~and cokers. t hough,t sour ces nay
i 5/1101. BRE

pr oduce fee%%ﬁﬁé’ﬂ?%ﬁ ni n%. efins, .
Ethylene 0.7 1.2
Propane 14.5 15.3
Propylene 42.5 46.8
Iso-butane 12.9 10.3
n-Butane 3.3 2.6
Butenes 22.1 18.32

Pentanes 0.7 04



the zeolite catal ysts described here are relatively
stable to such feeds as the desired catalytic

w0 e@e9ns t ake place upon the surface of the REDUS1086/007170
rather than within its intdfior pore structure.[0033]
The ol efins which are primarily useful in the present
process are the lighter olefins fromethylene up to
but ene; al though the heavier olefins may also be
included in the processing, they can generally be

i ncorporated directly into kadedasol i ne product where
they provi de a val uabCe(GydiGEC iGmstStosanh o oct ane.

Anot her fact@bn‘@bhéﬁtati ng agai §¢¢ ptheir co- processi ng
with the lightgi,ehefins is thag-upon alkylation, they
will tend t for%relatlvely h carbon nunber
products e. ir BRIc | - product s \l;\ﬁl ch are at the upper
end of the g8SBYRR® boiling rahdd and which may cause
i ncreased coddletlipiopent ssi ons2.1The present process is
hi ghl y advani-&gyeenes in that it8dperates readily not
only on the pmpylene in the mixqd olefin feed but

al so with etpyl ene ot hus prgvides a valuable route
for the conv rSE%eBﬁ&q’t hi s cragg ng by-product to the
desired gaso }n% Bt®Guct . The osition of a typical
FCC i ght galsoBeHtaREN (saturat ed nd unsat ur at es,

cont am nant sSCB@leEhown) is gi vé& 7in Table 1 bel ow and
of a C3-C4 RCE@afinStreamin Tablee 2. Table 1 FCC

Li ght Gas; Stsapmdeprgonent W 4qRet. Ml . Pet. Ethane
3.3 5.1 Ethyl ene 0.7 1.2 Propane 14:5 15. 3 Propyl ene
42.5 46.8 |Iso-butane 12.9 10.3 n-Butane 3.3 2.6

[0034] At the same time that the olefins in the FCC off-gas participate in the
desired alkylation reactions with the benzene and other aromatics present, a
limited degree of olefin oligomerization (polymerization) may take place.
Although this will not result in alkylation of the aromatics, it is by no means
undesirable since conversion of the C; and C, olefin fractions in this way
provides a direct route to the branched chain Cg, C; and Cg products which are so

highly desirable in gasoline from the view point of boiling point and octane.

[0035]  While the catalysts used in the present process are robust they do have
sensitivity to certain contaminants (the conventional zeolite deactivators),
especially organic compounds with basic nitrogen as well as sulfur-containing
organics. It is therefore preferred to remove these materials prior to entering the
unit if extended catalyst life is to be expected. Scrubbing with contaminant
removal washes such as caustic, MEA or other amines or aqueous wash liquids
will normally reduce the sulfur level to an acceptable level of about 10-20 ppmw
and the nitrogen to trace levels at which it can be readily tolerated. One
attractive feature about the present process is that it is not unduly sensitive to

water, making it less necessary to control water entering the reactor than it is in



Butenes 22.1 18.32 Pentanes 0.7 0.4Table 2 C3-C4 FCC

Gas Stream Conponent W. Pet. 1- Propene 18.7 Propane
wagod/ovwobut ane 19.7 2-Me- 1-propene 2.1 1- ButP€EUS2006/007170

n- Butane 15.1 Trans-2-Buten® 8.7 C s-2-butene 6.5

| sopentane 1.5 C3 Oefins 18.7 C4 Aefins 25.6 Total

O efins 44.3 [0034] At the sane tine that the olefins

in the FCC off-gas participate in the desired

al kyl ation reactions with the benzene and ot her ,
SRAommits.c Upliks SNA, thel 2anlite ¢atdypt aloesfnas| iefipire the presence of

ol i gonerj zati on, (pol ymerizatjqn t I .

WALTHaugfisler ﬁpsmwm& n 1V}t¥sqﬂdlt ﬁ]e%etg?%:gpegg%ﬁn%grepﬁ gried before
romatics, .jitqj ' ' .
ofsroe P nibr 1 RaYestndP 37, HARF Shp A0 SORRRS typieatly necds.
1VBY¥ @ WetReerd 3008300 BPhRy F6r hAgqlianchiedy GiRnile, &bthe same
i

C7 and C8 products which are so highly desirable in
tiges abiaheinfr catalybe integnitypoiThe wesdi eiotige potatystanbowever, may

octane. [0035] While the catal ysts used in the present
rqpdglydeteratesup d»about h8)0 apmmyvEaist although igvely abaye 2bfut 800

cont am : N ' '
PSS 8 NRRGSe GGy, ALPENGhe R ehfkdthfe, deact i vators),

Aromatic Feed

[0036] In addition to the light olefin feed, an aromatic stream containing
benzene is fed into the process, as described above. This stream may contain
other single ring aromatic compounds including alkylaromatics such as toluene,
ethylbenzene, propylbenzene (cumene) and the xylenes. In refineries with
associated petrochemical capability, these alkylaromatics will normally be
removed for higher value use as chemicals or, alternatively, may be sold
separately for such uses. Since they are already considered less toxic than
benzene, there is no environmental requirement for their inclusion in the
aromatic feed stream but, equally, there is no prejudice against their presence
unless conditions lead to the generation of higher alkylaromatics which fall
outside the gasoline range or which are undesirable in gasoline, for example,
durene. The amount of benzene in this stream is governed mainly by its source
and processing history but in most cases will typically contain at least about 5
vol. % benzene, although a minimum of 12 vol. % is more typical, more
specifically about 20 vol. % to 60 vol. % benzene. Normally, the main source of
this stream will be a stream from the reformer which is a ready source of light
aromatics. Reformate streams may be full range reformates, light cut
reformates, heavy reformates or heart cut reformates. These fractions typically
contain smaller amounts of lighter hydrocarbons, typically less than about 10%

Cs and lower hydrocarbons and small amounts of heavier hydrocarbons,



especi ally organic conpounds with basic nitrogen as

wel | as sulfur-containing organics. It is therefore
w@e@bmo40esl to renove these materials prior to PEL/@ER100¢007170
the unit if extended cataly8t |ife is to be expected.
Scrubbing wth contam nant renoval washes such as
caustic, MEA or other am nes or aqueous wash |iquids

will normally reduce the sulfur level to an acceptable
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Q8eHE2ANOR Priop b Tefortih e 5o RheiHeN@stfifigl @AGlAE prbddct formed
it is inSPA units. Unlike SPA, the zeolite catalyst

iddbe pretent puocase cohmimy @s eccsptatflyiawelevehobswéur fow compliance
mai ntain activity and therefore the feed may be dried

Weh suEreBhsWfumpecHicatigns.. I n conventional SPA units,

the water content typically needs to be held between

(86871t 0 RAPoRRAW sh@AnRAPAUS PG dothd Yrotha! fBrxed@bed, R%ing bed or

same time, retaining catalyst iI'ntegrity. The present

mevingt dedatrefoysies., Thewevest, usafyl redolinhatet Glaetian eisum theart-cut
about 1, 000 ppnw water although | evels above_about 800
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contain other single ring aromatic conpounds includin
callikyhaMheedompositioh vadl valyueve, a etipd Gepereliieg upon a number of
fpr opyl benzene (cunene) and the xylenes. In refineries

AEtoRs Hededing el sperity oh opprasiondaphe refioryer apd ghe composition of
| kyl ' i ]| Iy, d for high

e O S e Beds YT LBy, UheyChe Cuoppd Tower

l'%%?@é%f)&l@/ r(%lﬁ{)V&PﬁhlﬁéSSﬁ)en%gﬁE& LB YieBh @nflet ERf¥refore, usually,
onsi ess toxic than be

ered nzene, there 1's no
the \Heaanemnicfbrmaguivile rentaih cat lehsi 701 wel %si@nhidrochtbons, and
aromatic feed streambut, equally, there is no

mpeksrakly aé leaghPAtt. Uhes hygraseeghs. unl ess conditi ons

| ead to the generation of higher alkylaromatics which
[6(%81] Other sources of aromatic, benzene-rich feeds include a light FCC

naphtha, coker naphtha or pyrolysis gasoline but such other sources of aromatics

will be less important or significant in normal refinery operation.

[0039] By boiling range, these benzene-rich fractions can normally be
characterized by an end boiling point of about 120°C (250°F), and preferably no
higher than about 110°C (230°F). Preferably, the boiling range falls between
40° and 100°C (100°F and 212°F), and more preferably between the range of
65° to 95°C (150°F to 200°F) and even more preferably within the range of 70°
to 95°C (160°F to 200°F).

[0040] The compositions of two typical heart cut reformate streams are given

in Tables 3 and 4 below. The reformate shown in Table 4 is a relatively more
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RON 78.5
MON 74.0
Composition, wt. pct.

1-Cs 1.0
D-Cs 1.6
Cs napthenes 1.8
1-Cg 28.6
n-Cg 14.4
Cg naphthenes 1.4
Benzene 39.3
i-C, 8.5
l'l-C7 0.9
C; naphthenes 0.3
Toluene 2.3




[0038] Ot her sources of aromatic, benzene-rich feeds

i nclude a |ight FCC napht ha, coker naphtha or

wW@06l0990% gasol i ne but such other sources of BCDIE100€607170
will be less inportant or gignificant in nornal

refinery operation. [0039] By boiling range, these
benzene-rich fractions can nornmally be characteri zed

by an end boiling point of about 1200C (250 OF), and
preferabl no hi gher than about 1100C(§23(})F

[BRetler aBieormate sHeamsnyill soge fram)astined hednsuimeahed or moving

‘?eﬁigfof%{ﬁ@% Lhe Fgf'é‘g éé@r%fp%%% r%lcgtlcgbgzﬁi eaéL}d{u gﬂrrﬁ% o This is
%géﬁ?t?l?bﬂefoﬁﬁxattélﬂﬁvi a ARy BLIARL Hhed5Le (49 GFCLR, fraction.

[0040] The c osi tions t ypi cal’ heart

Thik freetioninbeostpleamsixame ofihydrodanbdihicesvéednd the overhead of
bel ow. The reformate shown in Table 4 is a relatively
ardekgraniger i golempudownstresme figm echdepsnsanipe ealgmybnthe ﬁ@mPOSI-

th th t .of Table 3
T e
P, B TR e o PR O {1t s

THRMSE %ﬁe@ﬁﬂ wil asualy hﬁ%ﬁtﬂéﬂsg Osehdlowef Bydm@terbons removed in
fraction is a heart-cut reformate. This is preferably

thefdnmataeuztawamg debntanizen Hierdfore, remvgly, ithe heartealtoreformate
JCL fract This nis a, | ex xture
C%?d RSN ‘@oéaﬁy‘#rﬁ 55 AR %P'H Bt aFordatic), and
om a depentani zer
ﬁ@fk%ﬁ?a%_ éeasgg{r)rp%gﬂ;qd ﬁ'ﬁf&%@@gr’y over a range
dependi ng upon a nunber of factors including the

[6edair i t Pthér opescas iafnatomatice beaterarsich diedds heclude a light FCC
PR Gokehatiiha 65 pYeslsinaar G b BT F el eipmatics
will B‘F%sg%ﬁﬁ&ttﬁﬂaﬁsﬁgﬁ?ﬂ:aﬂfﬁuﬁcﬁﬂhﬁ%fmérlgr p%&gtﬁé;% | east

usua or maf al n
70 wt. % C hydrocarbons (aronmatic and non-aromatic),

PLer BbBLERLY at least 90 wt. % C6 hydrocar bons.
[0042] Other sources of aromatic, benzene-rich feeds

[b&% UdeDaurin'gg&e alEClatlon process, a number of mechanistically different

reactions take place. The light olefins in the feed react with the single ring

aromatics in the aromatic feed to form high-octane number single ring alkyl-
aromatics. As noted above, the ethylene-aromatic alkylation reactions are
favored over the intermediate pore size zeolite catalyst while the propylene-
aromatic reactions being favored over the MWW zeolite catalyst. As both
reactions are exothermic with the ethylene-aromatic alkylation achieving
equilibrium at higher temperatures, the preferred reaction order will be to have
the bed of MWW zeolite catalyst first so that the exotherm from the propylene-
aromatic reaction (with some ethylene-aromatic reaction) adds to stream
enthalpy to increase the reaction for the ethylene-aromatic reaction over the
intermediate pore size zeolite catalyst. At the same time, the increase in

temperature of the stream should be controlled by the addition of quench, if



napht ha, coker naphtha or pyrolysis gasoline but such
ot her sources of aromatics will be |ess inportant or
wa@e@aiop40emnt i n normal refinery operation. ProPCI/US2006/007170

Formati on [0043] During th&2al kyl ati on process, a

nunber of mechanistically different reactions take

pl ace. The light olefins in the feed react with the

single ring aromatics in the aromatic feed to form

hi gh-oct ane nunber single ring al kyl aromatics. As,
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 dctivitghpenstocendl theearsovriaoh pleducts having mt ¢asboe gugiper above

t he addition of quench, i.fnecessary,. to ayoi econd s
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Gl TR e iR PO STy LR AIE RYD At enine operation &
\*A.Fﬁ%"gg@oxﬁﬁ’ﬁﬁns(?o NIQRSRL ithe degtdcgoriligoatiérzation will be from the
pol yireri zation) to form branched chain paraffins of
diinghizatiom ive width bytdnes rreaconversed o Cygirpguctshsome trimerization
oligonerization should be _controlled by sujtable
iB rydie ediylencaend BYPRYAHA ‘ffﬂgﬁé CPBY%ITL%F%P@%PF%%W%% to Cy and
rati t enper at ure, 1.pr S [ Y4 i
S8 B R O ouBh R T TRSATE g PR OF couse
they E%e PefREQPheBiTReEntaONS sHOeieP pedsehtld Yeshli inadiP¥Rgomeric
8, Since the nost val uabl e gasoline hydrocarbons are
prbd6at-Cith far eomtinueny iof warbiont nwhbers! it thei gagoline (bedlimgyrange. To
RVP and engi ne operation at )
the extent that a small amount of oligomerized unsaturates are formed, they may
participate in the alkylation reactions but the proportion of these reactions taking

place is normally limited.

[0045] After separation of light ends from the final reactor effluent stream
with the recycle options referred to above for quench and dilution, the gasoline
boiling range product is taken from the stripper or fractionator. Because of its
content of high octane number alkylaromatics, it will normally have an octane
number of at least 92 and often higher, e.g. 95 or even 98. This product forms a
valuable blend component for the refinery blend pool for premium grade

gasoline.



varying conditions. Usually, the degree of
ol i gonerization will be fromthe dinerization in which
whodcene®oar e converted to C8 products, some  PCT/US2006/007170
trimerization in which ethgBene and propylene will be
converted to products fromC6 to C9 and sone hi gher
degrees of oligonerization. Interpolynerization may,
of course, take place between the different olefin
species present to result in an oligoneric product
Protdss @ aromteiaraum of car bon nunbers in the gasoline
boiling range. To the extent that a small anount of
(Y469 ONEThe §iesens gfweéi & net#blé dored, cdpabilitpayf being capable of
participate in the alkylation reactions but the
opemiont dtdnwoto mbderate peassimess Inagansiplppressuries upoionghquy 7,500
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(@WEQ&? n®ly QRGEALI ABLiAcohP¥Ysich AR EsEthes RASES PF&Surdsibf about
general , r}?essures up to about 7,500 kPag »
1680 po 4200&Pak Y alout A3 0psi 2)5 piik) nixy EoeptimakaltbAsigh a number of
matter of operating convenjence and econony, however,
fagsorstmayratieetihe eppelechaies ofjprasgiighout 3, 500 kPag

(about 500 psig) may be preferred, permtting the use

[(5547$°W Bbfsst seofeﬂiéio\ﬂﬁ@éﬁs- arBrcapged 66t M l!hai\fhfbh ?)hbémﬁﬁorder to
of about 750 to 2,500 kPag (approximately 110 to 360

upidizg thereduilibein imitheymaanedéepcaibed. Ih geasrabebn ovemllitemperature
that increasing the pressure fromabout 1725 kPa

widli e from abeit903 40008 d apprimafdy 198y te gép%%ge%sggrg?ng that
tlgelb g{rﬁ Crred Con isgiugal?io%ngf Wétggé R grhﬁfo%}érd?%heo feed (reactor
inlet) is preferably held in the range of 90° to 250°C (approximately 190° to
480°F) with the first stage exotherm controlled to achieve a second stage reactor
(ZSM-5 type catalyst) inlet temperature within the range of 200° to 325°C
(approximately 400° to 620°F). The optimal temperature range for the catalyst
bed (medium pore catalyst) is believed to be in the range of 300°-400°C (about
570°-750°F), preferably 345° — 375°C (about 650°-710°F) although the acidity of
the zeolite may affect the finally selected temperature if excessive cracking is to
be avoided. The temperature may be controlled by the normal expedients of
controlling feed rate, quench injection rate and dilution ratio; temperature
differential between the two steps of the reaction may be controlled by
adjustment of quench at the various quench injection points. Normally the

effluent from the first step can be cascaded directly to the second step in order to



1600 to 1900 kPag (about 230 to 275 psig) may be

opti mal al though a nunber of factors nmay affect the
We@x@e9boi ce of pressure. [0047] Both steps oPCT/HB2006/007170

process are carried out in2the vapor phase in order to

utilize the equilibria in the manner described. In

general, the overall tenperature wll be from about 90

to 400C (approxi mately 190 to 7500F). Assum ng t hat
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mtogsehpee d 1 horoweimple, prut dsromuiieelaline bybweight) will increase
benzene

conversion and the benzene in the product but reduce di-alkylation. Optimal
conditions may therefore be determined empirically depending on feed

composition, available feed rates, product objectives and unit type.



reduction, olefin conversion or a nunber of

obj ectives. If benzene reduction is the primary
wWobjeot400e, a relatively |low aromatics: ol ef i n PEL/U82006007170

desirable in order to favorSaromati cs al kyl ati on using

the excess olefins. In this case, it is preferred that

the ratio of aromatics to ol efins should not exceed

1:1 by weight. Using ratios below 1 in this way wll,

besi des decreasi ng benzene in the product, limt

MM on and increase the extent of di-alkylation;

conversely, using higher ratios above 1:1, for '

£Xanpleghod fér: grotiaciagat pasolinkdoiting bangeeprodugt fohd a mixed light
i ncrease conversion and the benzene in the product but,
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be determ ned enpirically depending on fee o
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and unit type. CLAIMS: 1. A nethod for producing a

gasliylattngh the simgle simgearpmadi¢ceomhpomnds 1 shedatangatic feed stream

il the gnitei bt Shtrei 1 ngengt o B sgBfyst system
C
2 BOREFSG TRAUFR solp e CRRIRIGP TSRS of the MWW fomily

ar gpatd qiffeReht SéA835 vbipohber BFx@d Pi&mdtlideeford kRRMzeolite
in the presence of "a catal yst system conprising a

cafahilytto omp argerolivobpilingi ragge prasbict centaining akyisypmatics. -
famly and a different catal yst conmponent of the

internmedi ate pore size zeolite famly to forma )
2adoniathod ictonigng do gdaipr ddic whiehtthe mealjte of the MMW family

akyi aromatics. 2. cording toclaim1 in

wh FeRPERES %éraﬁmég @ftﬁghfzamém% conpri ses a nenber

of the MCM 22 famly.  -3. A nethod according to claim1l

i N Whi he internedjate,pore, size zeolite.conprises .
ot Siotiod Acruthis bt A5 Ehithrfe BrhififiSoREe S seolie

m l.ef yahg f eed stream conprises a m xed |ight
ol é@?‘ﬁ’ﬁég{@g&?ﬁcl udi ng et hyl ene and propylene froma
FCC unit.

4. A method according claim 1 in which the mixed olefinic feed stream
comprises a mixed light olefinic feed including ethylene and propylene from

a FCC unit.

5. A method according to claim 1, in which the olefinic feed stream is reacted
with the aromatic feed stream in the presence of the catalyst component
comprising the MWW zeolite before being reacted with the catalyst

component comprising the intermediate pore size zeolite.

6. A method according to claim 5, in which the olefinic feed stream is reacted
with the aromatic feed stream in the presence of the catalyst component

comprising the MWW zeolite at a bed temperature from 150° to 250°C.

7. A method according to claim 5, in which the olefinic feed stream is reacted

with the aromatic feed stream in the presence of the catalyst component



5. A nethod according to claim1, in which the

olefinic feed streamis reacted with the aromatic feed
wa@reoeamodsr t he presence of the catal yst conponkeI/UuS2006/007170

conprising the MWV zeol ite2bhefore being reacted with

t he catal yst conponent conprising the internediate

pore size zeolite. 6. A nethod according to claimb5,

in which the olefinic feed streamis reacted with the

aromatic feed.streamin t resence of_ t.he cat o
cdi?é%li’réﬂpgégﬁb?‘i%mﬁ kBT BT &t Abel] iEpfperatule from 3450
etgpqefga ure from150 to 250 C. 7. A nethod accordi ng

in which the olefinic feed streamis
reacted W|th the aromatic feed streamin the presence

80T At 8R! Ala %?B%ngwaﬁﬁ@tlcﬁmhh&i e %ﬁb??étfg Fée'@F&kéHrﬁ contains

pore~size zeo at ‘a bed tenperature from 345

37§&nﬂ)t(ﬁ60ﬁ¢éig Ps6eitdengerted claim 1 in which the
aromatic feed streamcontains from 10 to 60 wei ght

percent benzene. 9. A nethod according to claim1 in

owhA Glettierl a¢corainigCtof €latnsit freahicto tiieabrandticofee2bstreand Contains
wei ght percent benzene. 10. A nethod according to

cl fxom ) to A0 wrdight pereewsibeneeniec feed streamis react ed

with the aromatic feed streamat a pressure not rmre

than 7,000 kPag. 11. A nethod accordi n to cl [

1@hi4 mathed @p@@ndm& te eladmst, B ARich th%a& fﬂ Stfﬁ%m is Teacted

f eed
pafh i SR SG0LEOR at%&?é’%%i?gﬁﬁ&f"?ﬂ%ﬁh"" BPoizHs”
cat al yst conponents iare in f: xed beds. 13. A nethod
I, . .
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ring aronatic conpounds, whi'ch process conprises:
reacting single ring aromati c conpounds i ncl udi ng

1@60@%@%& zkﬁércﬁhf@ni@t ¢lgih €eth SEHiglaMoth tchtabyapsdiapendms are in
he m xed olefin feed streamin a

fixed beds.

13. A method for producing a gasoline boiling range product from a mixed light
olefin feed stream including ethylene and propylene and an aromatic feed
stream including single ring aromatic compounds, which process comprises:

reacting single ring aromatic compounds including benzene in the
aromatic feed stream with propylene in the mixed olefin feed stream in a
first step in the vapor phase in the presence of a catalyst system
comprising a catalyst component comprising ‘a zeolite of the MWW
family in a fixed catalyst bed at a bed temperature in the range of 90° to
250°C and a pressure not more than 7,000 kPag

passing the effluent from the first step to'a second step in which single
ring aromatic compounds including benzene in the aromatic feed stream
are reacted with ethylene in the mixed olefin feed stream in the vapor

phase in the presence of a catalyst system comprising a catalyst



first step in the vapor phase in the presence of a
catal yst system conprising a catal yst conponent
W@ ovp/0pe08g a zeolite of the MW Tfamly in a fPEEUS2006/007170
catal yst bed at a bed tenpefature in the range of 90
to 2500C and a pressure not nore than 7,000 kPag
passing the effluent fromthe first step to a second
step in which single ring aromati c conpounds i ncl udi ng
benzene in the aronatic feed streamare reacted with .
et hy ceRwonant srmpaisiag dfliserentaplegnsdials ROTeSIES ée‘\%ylgﬁé? a fixed

phase in the presence of a catal yst t I

a catcﬁ'ia&éstt g’(?l‘?‘p?}n%ﬁ’?actSWF¥a§'ilelnaM}ﬁ ]f%?e(ﬁt{n S0Pl 06T and 2

inte | S| i i n ' & PoilBed range
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a pr gssdict cogtaimmpekyaomaiodo kPag, to forma

gasoli ne boiling range product containing

akyl aromatics. 14. A nethod according to claim13 in .
1hi ghnfefisodz eedortimgofo ¢lhin NMBVLf whidhytheorgolits ©f the MMW family

zeolite of the MCM22 fam |y. 15. A nethod according

to c@mpmﬁqmazmlmi@ﬁh@mﬂ%é&fﬁ@éﬂb’ate pore size

zeolite conprises ZSM5. 16. A nethod according to .
~claim15 in which the interpediate pore sizg zeolite )
180mpr Mmedrodzaosding\tp rdRiah 14 i Wi ¢l s intemggiate Pofg sizg zeolite

met hod accozswg to claim15 in which the internediate

por EOTPLECSE8M 1 Pe conprises ZSM 5 having an al pha

val ue bel ow 20. 18. A nethod according to claim13 in

D S
acc@éﬁbﬁ§e§ ZSH-3i Haviss b aldbaGhlidiBeloieseuUr e in the bed

of the medi um pore zeolité catalyst is from 1600 to
1900 kPag. 20. A nethod according to claim13 in which

1rhe Aefretinicdor@imptibeldind $5 i tich shelimeahédiaaswadext zeolite
to the second step. :
comprises ZSM-5 having an alpha value below 20.

18. A method according to claim 13 in which the bed temperature of the

medium pore zeolite catalyst is in the range of 345° to 375°C.

19. A method according to claim 13 in which the pressure in the bed of the

medium pore zeolite catalyst is from 1600 to 1900 kPag.

20. A method according to claim 13 in which the effluent from the first step is

directly cascaded to the second step.



