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[0003] Reference is made to the above applications for further details of the

combined, integrated process described below as they are referred to in this

application.

BACKGROUND OF THE INVENTION

[0004] 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 may be used as
petrochemical feedstock, many conventional petroleum refineries producing
petroleum fuels and lubricants are not capable of diverting these materials to
petrochemical uses. Processes for producing fuels from these cracking off gases
are therefore desirable and from the early days, a number of different processes
evolved. The early thermal polymerization process was rapidly displaced by the

superior catalytic processes of which there was a number. The first catalytic
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Because oxygen promotes the deposition of tarry materials on the catalyst, both
the feed and wash water are maintained at a low oxygen level. Additional pre-
treatments may also be used, depending upon the presence of various
contaminants in the feeds. With the most common solid phosphoric acid
catalyst, namely phosphoric acid on kieselguhr, the water content of the feed
needs to be controlled carefully because if the water content is too high, the
catalyst softens and the reactor may plug. Conversely, if the feed is too dry,
coke tends to deposit on the catalyst, reducing its activity and increasing the
pressure drop across the reactor. As noted by Henckstebeck, the distribution of

water between the catalyst and the reactants is a function of temperature and
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[0008] The tubular reactor is basically a shell-and-tube heat exchanger in which
the polymerization reactions take place in a number of parallel tubes immersed
in a cooling medium and filled with the SPA catalyst. Reactor temperature is
controlled with the cooling medium, invariably water in commercial units, that is
fed on the shell side of the reactor. The heat released from the reactions taking
place inside the tubes evaporates the water on the shell side. Temperature
profile in a tubular reactor is close to isothermal. Reactor temperature is
primarily controlled by means of the shell side water pressure (controls
temperature of evaporation) and secondly by the reactor feed temperature.

Tubular reactors usually operate at pressure between 5500 and 7500 kPag (800-
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The sol i.d phos ric.,acid catal yst used is
the reactor is a ggmBﬂghe in unit with ch%l/mber type reactors by feed dilution

and recycle quench between the catalyst beds in the reactor and with tubular

reactor units, temperature control is achieved by means of the coolant medium
surrounding the reactors. The solid phosphoric acid catalyst used is non-
corrosive, which permits extensive use of carbon steel throughout the unit. The
highest octane product is obtained by using a butene feed, with a product octane
rating of [R+M]/2 of 91 being typical. With a mixed propylene/butene feed,
product octane is typically about 91 and with propylene as the primary feed

component, product octane drops to typically 87.
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aromatics extraction process such as the Sullfolane Process or UDEX Process.

Well-integrated refineries with aromatics extraction units associated with
petrochemical plants usually have the ability to accommodate the benzene
limitations by diverting extracted benzene to petrochemicals uses but it is more
difficult to meet the benzene specification for refineries without the petro-
chemical capability. While sale of the extracted benzene as product to
petrochemicals purchasers is often an option, it has the disadvantage of losing
product to producers who will add more value to it and, in some cases,
transportation may present its own difficulties in dealing with bulk shipping of a

chemical classed as a hazardous material.



difficult to neet the benzene specification for

refineries without the petro chem cal capability.
wObiobmIwad e of the extracted benzene as producPCT/0S2006/007172

petrochem cal s purchasers i6 often an option, it has

t he di sadvantage of | o0sing product to producers who

will add nore value to it and, in sonme cases,

transportation may present its own difficulties in

21, oene ol B TRl SeboPefigs BB %r'gﬁést%é o doftease in
phodwCoctais QUERANL RS tBerReAE Gnlatict Rifi1O it i ¢ aRShARE make a

quality since béenzene and ot her sing

maﬁweacqmsbuum te gmodudiuidtame. t Ceptaird pedcessdsaire been proposed
Certain ses haye been proposed for_converting

for, 80'&%‘?{?5 CREERfT AEIBAli¢sacontiARing refinary stteamsento the less

h as tol,uen
S DR T e S e e
desirable 43l e C ty
CELS 38 R CTRO SIS oSS RS O Sho R MR et
Mobil cBmeny Reduation (MBR}PEPmms wlush,dhhe thaucldselgtrelated MOG
riser, reactor to al kyl ate

it
gq?&sléngsqdﬁa ﬁ?ﬂ%@%?@o its qaitaiwamkayna?rom@ﬁoe do glklatgdenzene in

rt RS g A\ NIRRT R 85 08ishe " 2815, bR dmd MOG

plodeibes’ 82 démibea] inAUO8 NPhteRfORIGg Ml e a8; REH56)389M4,992,607

refineries wthout convenient outlets fo
apdtd, phee2.cal feedstocks is that of excess l'i ght
ol efins. Followi ng the introduction of catalytic

U35 Ao EBERIER, LR BB Dl bt

64 eiroBheHEda] Hee@itBYke R thill @pyéx%egs H?Ht Yd1efifs. PEGAGRing the

avai l abl e in copious quantities from alytic
infradudtion pf @atadytin crazking presessdshid petrblesm odafuimganaﬂe early

useful as petro, chem cal feedstocks, th
15%8% Be AMPYHS u?feﬁ& finss eatiedlprly s bt PﬂqfinSo ﬁuch as ethylene,

T N SO T X
ctszkﬁ #E pl RS . indefi %eﬁbgn'mﬁfénﬂle% VNS a{éjﬁg}g%ilgeful as petro-

alternatlvely convert the olefins to mark
chemicad deeditocks, theurdfareries: without petrochemical capability or

economically attractive and convenient markets for these olefins may have to
use the excess light olefins in fuel gas, at a significant economic loss or,
alternatively, convert the olefins to marketable liquid products. A number of
different polymerization processes for producing liquid motor fuels from
cracking off-gases evolved following the advent of the catalytic cracking process
but at the present, the solid phosphoric acid [SPA] polymerization process
remains the most important refinery polymerization process for the production of
motor gasoline. This process has however, its own drawbacks, firstly in the need
to control the water content of the feed closely because although a limited water
content is required for catalyst activity, the catalyst softens in the presence of

excess water so that the reactor may plug with a solid, stone-like material which
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substantial reduction of gasoline olefin content and vapor pressure. The yield-
octane uplift of MBR makes it one of the few gasoline reformulation processes

that is actually economically beneficial in petroleum refining.

[0016] Like the MOG Process, however, the MBR Process required consider-
able capital expenditure, a factor which did not favor its widespread application
in times of tight refining margins. The MBR process also used higher tempera-
tures and Cs+ yields and octane ratings could in certain cases be deleteriously
affected another factor which did not favor widespread utilization. Other

refinery processes have also been proposed to deal with the problems of excess
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control benzene content in the, )
Increase flexibility in refinery operation to control benzene content in the

gasoline blending pool

Allow refineries with benzene problems to feed the Cs components (low
blending octane values) to the reformer, increasing both the hydrogen
production from the reformer and the blend pool octane. Benzene produced
in the reformer will be removed in order to comply with gasoline product
specifications.

Have the potential, by the removal of olefins from the fuel gas, to increase
capacity in the fuel system facility. For some refineries this benefit could
allow an increase in severity in some key refinery process, FCC,

hydrocracker, coker, etc.
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material MCM-36 to produce petrochemical grade cumene containing less than

500 ppm xylenes.

[0020] The petrochemical alkylation processes such as those referred to
above, do not lend themselves directly to use in petroleum refineries without
petrochemical capacity since they require pure feeds and their products are far
more pure than required in fuels production. In addition, other problems may be
encountered in the context of devising a process for motor gasoline production
which commends itself for use in non-integrated, small-to-medium sized
refineries. One such problem is the olefins from the cracker contain ethylene

and propylene in addition to the higher olefins and if any process is to be
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oute ins are po
b@ilir@fﬁll’gbw@lohgh the traditional refinery term is polymerization) and by the

complementary route, the mixed olefins are used to alkylate benzene from
refinery sources to produce a high octane aromatic gasoline boiling range
product. The process achieves good utilization of both the olefins present in a
mixed olefin feed from the FCCU while operating under conditions favorable to
the utilization of the ethylene and propylene in the stream; butenes may be
included in the olefin feed if alternative outlets are not available. Thus, the
present process provides a ready outlet for olefins in non-integrated refineries as
well as a way of producing high octane, gasoline of controlled benzene content.
The process is operated as a fixed bed process which requires only limited
capital outlay and is therefore eminently suitable for implementation in small-to-

medium sized refineries; in fact, being a relatively low pressure process, it may
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control the heat rel ease which takes place or in a

I ct t.h external tenperature
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streans fromthe two reactions are routed to a conmbn
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mati cs. al Iatl nre ct on be carri ed out under
ns ‘with tl% pro uct inc d{ng s&%ﬁcant proportgons of Cg, Cyp and

hlgher hydrocarbons. With significant amounts of ethylene (FCC Off Gas) in
the olefin feed, operation may commence (reactor inlet) in the vapor phase or
under mixed phase conditions and when higher olefins including propylene and
butene are present, operation may frequently commence in the supercritical
phase. Vapor phase and liquid phase olefin/aromatic processes with preferred
process configurations and process conditions are disclosed in co-pending,
concurrently filed patent applications Nos. (claiming priority from
U.S. Serial Nos. 60/656,945 and 60/656,946, entitled “Liquid Phase Aromatics
Alkylation Process” and “Vapor Phase Aromatics Alkylation Process™) to which

reference is made for a description of these processes.
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Reduced Benzene Content". In specific types o
ceipepding, oropeuwstansly, filed patentitapplishiiphaNoon may al sqclaiming
he .carJi ed der .ejther v r phase, conditions
pnon%y om U, genai 0. 60/2?8,94@ , entitled “Liquid Phase Aromatics

Alkylation Process”. These process variants are described in greater detail

below with reference to the other applications to which reference is made for a

detailed description of those parts of the overall process.

DRAWINGS
[0025]  Figure 1 shows a process schematic for polymerizing mixed light
refinery olefins to form a gasoline boiling range product and for converting the

olefins and benzene to motor gasoline in a two-train, fixed bed process unit.



using two different catalysts in order to secure
optimumolefin utilization, as described in
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(claimng priority of U S. 1&erial No. 60/656, 945,
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m xed light refinery ollefins to forma gasolI ne
theplefing andrhpazenethmotemghsbline apatiguid phasehtkglatibh Reaction.
and benzene to notor gasoline in a |liquid phase
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product and for converting the ol efins and benzene to

motor gasoline in a liquid phase alkylation reaction.
[G929h LED sshsurtioTioonnoslefpolyexipatitniaikydaten unit is shown in
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SHEPAEY PO PORIEIRR oA BRAet off oSt R hrefingsy fiuid gatalyti
i i s . f o
HEIRR EOCLS IR s S8 AR . .
olefoisupossibllyi with some highaf 6lesins tagpweR| dsylight pARfBA¢ (féthane,

cthane, propane, butane) is led into the unit through line 10 and is split between

the two reactor sections, entering polymerization reactor section 15 through line
11 and the aromatics alkylation reactor section 16 through line 12. A light
refinery aromatics stream also enters the unit through line 13 and passes to the
aromatics alkylation section in reactor train 16. In each case, the feed to the
respective reactor section may be heated in heat exchangers and fired heaters
(not shown) using the hot effluent from the reactors to supply heat to the feed in
the conventional way. The feed may also be conducted through a guard bed
reactor (not shown) prior to entering each of the two reactor trains n order to
remove contaminants. The guard bed reactor may be operated on the swing
cycle with two beds, one bed being used on stream for contaminant removal and

the other on regeneration in the conventional manner. If desired, a three-bed
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reactions take place. Polyneriza tion-reaction Sact P on
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and reaction quench as necessary; recycle may be
applidation SerithNde pr oduct(clhaémimgepniotigcof US Saidl266.r6(7656,955,
I n the_co-pendin
“Process For N?aking I-?igh Octane Gasoline With Reduced Benzene Content”).
The products from the polymerization section 15 and alkylation section 16 are
combined in line 20 and pass to product recovery section 21 for fractionation
and stabilization. When required, separation of product for recycle and quench
may be carried out at that point downstream of the reaction sections, as
described in co-pending application No. (claiming priority of US
Serial No. 60/656,954, “Gasoline Production by Olefin Polymerization™), with

product recovery being carried out as described in that application.

[0031]  Figure 2 shows a process unit in which the aromatics alkylation is

carried out under vapor phase conditions as described in co-pending application
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case, yhmerization reaction is carried
out in reactor 15 while the alkylation reactions are
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which the relatively heavier olefins are first extracted from the mixed olefin
stream by passage through the aromatics stream, as described in co-pending
application No. (claiming priority from US Serial No. 60/656,946,
“Liquid Phase Aromatics Alkylation Process™). A stream of off-gases from a
refinery fluid catalytic cracking unit (FCCU) is led into the unit through line 40
and is split between the two reactor sections, entering polymerization reactor
section 42 through line 41 with a stream diverted to absorber 45 through line 43.
The olefins entering polymerization reactor 42 are polymerized as described
application No. (claiming priority from US Serial No. 60/656,954,

“Gasoline Production by Olefin Polymerization”) using a zeolite catalyst
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the liquid phase aromatics alkylation reactions described in application No.
(claming priority from US Serial No. 60/656,946, “Liquid Phase

Aromatics Alkylation Process)” take place, suitably under the conditions

described in that application. Alkylaromatic product is removed through line 52
and is combined with the product from polymerization reactor in line 53 to be
sent to the common fractionation/product recovery section 54. If desired, in
order to maintain operating flexibility or for temperature control in the
polymerization reactor, a portion of the light aromatic stream may be diverted
from line 46 and sent through line 48 to polymerization reactor 42. By sending

the aromatic stream to the polymerization reactor in this way, it may be possible



to be sent to polynerization reactor 42 to be

converted to |iquid polynerization products by direct
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entering each of the two reactor trains in order to
[0086)v e Thentatalystnsed fiutHe geard tgdnivill ﬁbfrﬁm% Beané ts)eéme catalyst

sul fur-containing inpurities. The guard bed may
u%ﬁSJe‘PaIbé @llgrlation reagtergascy masteniof operatingextmyenieach bt this is not

régﬁg@? gﬁ&%gggr@:oi%%%iﬁ&stf %ggq%glﬁ&gg:m{g}%g(qu%@;ﬁ%g&a%?s? from the
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another process or alumina. The objective of the guard bed is to remove the

contaminants from the feed before the feed comes to the reaction catalyst and
provided that this is achieved, there is wide variety of choice as to guard bed

catalysts and conditions useful to this end.

Olefin Feed
[0036]  The mixed 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,
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MWW family of zeolites takes place on surface sites rather than in the interior

pore structure as with more conventional zeolites so that plugging of the pores is
less problematic catalytically. Appropriate adjustment of the process conditions
will enable co-condensation products to be produced when ethylene, normally
less reactive than its immediate homologs, is included in the feed.  The
compositions of two typical FCC gas streams is given below in Tables 1 and 2,
Table 1 showing a light FCC gas stream and Table 2 a stream from which the

ethylene has been removed in the gas plant for use in the refinery fuel system.



the desired gasoline product. For this reason as well
as their ready availability in large quantities in a
wo edocoetoy) m xed ol efin streans such a FCC O f PCGEES2006/007172
streans (typically containilthg et hyl ene, propyl ene and
but enes) nmay be used. Conversion of the C3 and C4
olefin fractions fromthe cracking process provides a
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reactive than its inmmedi ate honol ogs, is included in
the feed. The conpositions of two typical FCC gas
streans is given below in Tab’t‘ﬁﬁeig and 2, Table 1
showi ng a |ight FCC gas elz@t 2 a stream
fromwhich the 5 %gc‘%g enre e% in the gas
pl ant for use i Fﬁ‘lnery fuel ”%% Table 1 FCC
Li ght Gas Stream Bfient W. Pet. Pet Et hane
3.3 5.1 Ethyl enRropage1. 2 Propane 14.E8.15.3 Propyl ene
42.5 46.8 |so- bisbho@ng2. 9 10.3 n-ButEn®? 3.3 2.6

Butenes 22.1 182.34e-1-propene 2.1
1-Butene 8.1
n-Butane 15.1
Trans-2-Butene 8.7
Cis-2-butene 6.5
Isopentane 1.5
C3 Olefins 18.7
C4 Olefins 25.6
Total Olefins 443

[0037]  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
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| ess necessary to control water entering the reactor
AvbaBtitFdeg 1 NSPA units. Unlike SPA, the zeolite

catal yst does not require the presence of

[0038]  The light aromatic stream contains benzene and 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,

typically less than about 15% C;+ hydrocarbons. These reformate feeds usually



water in order to maintain activity and therefore the
feed nmay be dried before entering the unit. In
waeomspmoional SPA units, the water content typPCHIUB3006/007172
needs to be held between 380 to 500 ppnw for adequate
activity while, at the sane tine, retaining catalyst
integrity. The present zeolite catal ysts, however, nay
readily tolerate up to about 1,000 ppnmw water although
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will be less important or significant in normal refinery operation.

[0041] 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).

[0042] 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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3 and 4 the aromatic feed and the |ight ol efins pass
[ob45]conBactboliing BipeanBbe "beehdIficAOHALREhs A rEhally be
between the two feeds is carrie
characterized by an end boiling point of about 120°C (250°F)., and preferably no

higher than about 110°C (230°F). In most cases, the boiling range falls between
40° and 100°C (100°F and 212°F), normally in the range of 65° to 95°C (150°F
to 200°F and in most cases within the range of 70° to 95°C (160°F to 200°F).

Absorber
[0046]  In the liquid phase aromatics alkylation/olefin polymerization unit

shown in Figures 3 and 4, the aromatic feed and the light olefins pass in contact
with one another in the absorber. Contact between the two feeds is carried out
S0 as to promote sorption of the olefins in the liquid aromatic stream. The
absorber is typically a liquid/vapor contact tower conventionally designed to
achieve good interchange between the two phases passing one another inside it.
Such towers usually operate with countercurrent feed flows with the liquid

passing downwards by gravity from its entry as lean solvent at the top of the
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Table 5
Olefin Recovery
P, kPag (psig) Temperature, C (F) Percentage Olefin Recovery
1172 (170) 41 (105) 58
1172 (170) 16 (60) 69
1724 (250) 41 (105) 69
1724 (250) 16 (60) 76
3450 (500) 41 (105) 69
3450 (500) 16 (60) 94

[0048] Thus, with absorber operating temperatures and pressures similar to
those above, olefin recoveries of 50 to 90 percent can be expected with
contactors of conventional efficiency. Sorption of the heavier olefins is favored
so that the light gases leaving the absorber will be relatively enriched in these
components. As noted in co-pending Application No. (claiming
priority of US Serial No. 60/656,945, entitled “Vapor Phase Alkylation
Process”), propylene is more reactive for aromatics alkylation at lower
temperatures than ethylene and for this reason, the preferential sorption of the

propylene component is favorable for the subsequent liquid phase alkylation
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conmponents. As noted in co-pending Application No.
réatidnnvhicPlid 06 ' i180L Sk 240 iy
entitled " Vapg?h%yhc;g&e uﬁléﬁlifgth ?g%lwﬂ’r’%@eéo lt;m’bsroaiheeﬁ%ndmons
selectedr forralwotbereopevatian onitlt thesefatduffast R Bkiol Me olefin and
aterrgeratures than ethylene and for this reason, the

¢ sieams ta dho alkylation resetasr Jhe mtie auhigyedestiouid be chosen
. he su gquent i qui hase )
s UK GRS i Suehi{iEn® ARFENES Sonsidkche fonsens in iearamtto foed
uAdédiheonrdbtib® : it ected for.a r per .
oper at i on Wl I%,%h-ear%g§ ogrﬁgg%ri'f Wé ’ ?lgﬁ Fa&lop?f f’ﬁ%ﬁl & hromatic
resjuateidnfoaritie alkylatibn ssdpr wéllnbetin thberaak&WFa) 5.9 ntor?.qcﬁ%eé below)
T ehratl . achi.eved should be chosen So that there is
aRq, e cppeitions dnjthe mbserbas sheuldike Hetermined emphrivally to achieve
@éﬁte%ﬁa{i?ed under the reaction conditions chosen.
rmal’ Ty, the ratio of olefin to aromatic required for
the alkylation step will be in the range of 0.5:1 to
[0949] ( sdénsmbediolefink widcl pass bupdE the JHIErRPSHIPEE comprised

shoul.d be det rnljned enpirically to achieve the
pregonpagntly qtsthe hghter olpfing, uindpally ethyltne whiel canube more

ill b i sed dom | f th

offothily SRR Ra Bher BRnsiprie Ak1died e chrrisalouten the vapor
; [ i Jn,e i gh t i . .

o 5 o s i BTN TR iy o

UBotSediahiMNoe Gii656,045 Mapoi | Piasbo Arbflafics AlcBaficH | Brbcess™),
etgfvl%;?pus Serial No. 60/656,945, "Vapor Phase Aromatics

ds mrkedbcless agtivecthanp! tha dick viemmilefim gspeemilyaniténebut is
vi.er olefins especially hutene but is, )
a‘i&?r@’é% Fi aP&%‘i‘%P T %ﬂnﬁﬁgaﬂ‘é?s Y}’éﬁg&‘%ﬂ% Memgt apimtermediate
didt gine, ' My [ _Ror ' eolite . .
P 28 SO B RIS FROLRST 13 RRFRAE s ooy
explited i ehey moopbssi dreitlshowh e FIEERES Svivibh tis %%B?iﬂlzc_'&tion of the

Fi%&{rﬁ§‘4v\hichisarmdificayion of the unit of Figure
umgt B (igures dcwith asrganst alkylatuc taactor5 38b, followisigng farst stage

alfc&lﬁﬁgn%g&%r 52a. In this case, however, the gases from the olefin stream
which are not sorbed in absorber 45 are sent through line 57 to second stage
alkylation reactor 52b.  The unit is otherwise the same as that of Figure 3 and

like parts are designated similarly.

[0050]  The two alkylation reactors in Figure 4, 52a and 52b are operated in
the same sequence as and with comparable conditions to those described in
application No. (claiming priority from US Serial No. 60/656,945,
“Vapor Phase Aromatics Alkylation Process”), with the first stage reactor
operating at lower temperature than the second with a catalyst based on a zeolite

of the MWW family; the second stage reactor contains a catalyst based on a



al kyl ati on reactor 52a. In this case, however, the
gases fromthe ol efin stream which are not sorbed in
wa@bwenpkwio 45 are sent through line 57 to seconPCHUSE6/007172
al kyl ati on reactor 52b. Theéé6unit is otherw se the sane
as that of Figure 3 and |like parts are designated
simlarly. [0050] The two alkylation reactors in
Figure 4, 52a and 52b are operated in the sane
differean eeteifiedidtt Poidsic®TREEAPLRHC fg\)[ nsnt g Lhose ,
described in appp?cat ?on ﬁ% bé(‘%lha&?n2§ ngBJrci _’meEﬁTPffeCtlve
fustigerallgylation With66@, ShleneVapthe RTRSRs AFGHBIHC ?lasrorber. The

kyl zﬁ_i on, Process"), wth the first stage reac
eﬁb}é%ét oy the firshatage aligylationeacton avhith passes dn dransfe live 53 to
sed 0 eolite of the MW famly; the
ﬂggt:sgjr:%ﬁdst &e PQ&@?@?I% crgﬁ‘lt’tﬁr Hs Beatgd Jby he b@s%hemic alkylation
ki : ' ' lite h a
o 1t SlagE 1eAsiE BRA Pnctbfto 1R BVideR oPdishT rqgess heat
ta bang they tharge ito thésecohll sgae ta@or E@ﬁle%ﬁﬁfsﬁg rtem§ ire for the

heéfluent fromthe first stage al kylation reacto

§ dempgratueen sbkelatiom geagtions whiehstakenslasé agethe second stage
lLkyl af | reactor is heated by the exothermc )
r%lc vl gﬁtgﬂéta}gggl&qq?@g MYy RRWEY§ts begprayidedeifaiesessany in order to

btiheré ' o F 0Ge heat to.Dbri
e e iy koot BT B s, ginde 3 cool gas
strezgi fsometheeatporiadruwil] redudehthehettiiathfBEHAL Wiuent from the
al k Iallt i,on reactions which take place in the seconé
ﬁrﬁéﬁ@’ flaom st9Le. | nt er st age heating may, however, be
provided if necessary in order to bring the second
Cakggggj,g@we to the required tenperature since the
cool gas streamfromthe absorber will reduce the

erat.ure of the effluent fromthe first al kylation
[095 ge altﬁt SHAYstspystem [used 1 n Tihe elafm ymlywsléeﬁ@mmmd the

' , f i | ot lLon,and the ar ti.C .
erfhafes At piaibnd? pfERAD' ORCO R 00 20N o e MV Gamily
bdddiiid atirosey dmﬂzs{%eeﬂi‘i%ﬁe eﬁéél?érﬁ?&&iﬁ{}h'fgﬂth%x aedit& taromatic

activity for the desired aromatic alKylation reaction
allglatign| Tegetion| using Jight slefing)| bspeoiaily pesieylend. i8.is, however,

hovgiv r é)otiféi ?rlﬁg t q,use ot her nol ecul ar sieve )
Pos§ible &Pg pier mpdechlpy sigye sptalystsforithe plkylatton, especially when
carried out in the liquid phase, including catalysts based on ZSM-12 as described
in U.S. 3,755,483 and U.S. 4,393,262 for the manufacture of petrochemical
cumene from refinery benzene and propylene; catalysts based on zeolite beta as
described in U.S. 4,891,458 or catalysts based on SSZ-25 as described in U.S.
5,149,894, all of which are reported to have activity for the alkylation of light

aromatics by propylene.

MWW Zeolite

[0052] The MWW family of zeolite materials has achieved recognition as
having a characteristic framework structure which presents unique and interest-
ing catalytic properties. The MWW topology consists of two independent pore

systems: a sinusoidal ten-member ring [10 MR] two dimensional channel



carried out in the liquid phase, including catal ysts

based on ZSM 12 as described in U S. 3,755,483 and
wWOR2®s5/080303, 262 for the manufacture of petrochror/Ts1006/007172

cunmene fromrefinery benzendg and propyl ene; catal ysts

based on zeolite beta as described in U S 4,891, 458

or catal ysts based on SSZ-25 as described in U S

5,149,894, all of which are reported to have activity

j ' a ' -.by_propyl ene. .
SopLar en VG o B o bPhanbrg BneSu e Rty SRF amprised
dfal? MRiseper cagaostiddetsd fSedthVbihgr Thiohdhaq) g[RSan‘aows. The
framework structure which presents uniqle and interest
aryfalkesistemtafcthe MYEW ifesnevior ivlakhgmed] gy thendbkicalesfdiffuse
wo_ i.nd dent pore s stens: a sinusoidal ten-nenber
antl?% ﬂ[el Bﬁﬁﬂ] e @?ﬁﬁﬂi’?ﬁgﬁt"e Henniicse jmnataoanmpnieation along
. dj j.onal re stem
R iR, PR Kored gt BB Ral BEC LE ergals of the
MKW gpe Ltk oMt st DR ﬁ\iﬁ\g}‘ i
fr arm\%)rek IS héxlz?\égi gir*]%sltalgﬁge ﬂ]e nol %ﬁi&egg&% ?haglglgu a on%f untts
along theooflirectiaras amestilhof whicte ahidleof theecataliytie metivity i0due to
i [ di rectign between the pores.

I h
aﬁﬁ%ﬁ%ﬁ@?‘éﬁf&%ﬁl t ng%%téﬁm? Rurface of mescraﬁtlalmi@ mm)l rlwcld‘l the cup-
i . th . d of. ati ve S .
SHEBAL bRk Sho oy RSl BECoRlin SRkt i Bty suoh
IR PP Blp SRS SR ORGPt B, The

MeM+22 faorily of zeolites lyas attpaded significemt stientifie dtithebhGince its

.St.ruct f taj nb f the family such as
iRio) SBOUAETIET Y gRAPORR P Flot SOIPBPREOROABL 0P 15 d1994] and

e 22.famly of zeplites has .
thO R HBER RO AN R AT L Bhef 5 ki i s
ab'BSH &, MOMLI NIEINI 49, MENO56,03S2 1 RIERBM S8 IRAC8nd others.
264, 1910- 1913 [1994] and the I'ater récognit’ion®t hat
Lidbe et ali AIChE dnmel Meeatingtk999 Pagad292)i c materi al s
such as PSH 3, MCM 22, MCM 49, MCM 56, SSZ 25, ERB-I,

55 208 ke SRS SRR R it
hea beers dBBIHIRIASINOS nihbeMeWpaBliEAMisY Three significant members of
the family are MCM-22, MCM-36, MCM-49, and MCM-56. When initially
synthesized from a mixture including sources of silica, alumina, sodium, and
hexamethylene imine as an organic template, the initial product will be MCM-22
precursor or MCM-56, depending upon the silica: alumina ratio of the initial
synthesis mixture. At silica:alumina ratios greater than 20, MCM-22 precursor
comprising H-bonded vertically aligned layers is produced whereas randomly
oriented, non-bonded layers of MC-56 are produced at lower silica:alumina
ratios. Both these materials may be converted to a swollen material by the use of
a pillaring agent and on calcination, this leads to the laminar, pillared structure
of MCM-36. The as-synthesized MCM-22 precursor can be converted directly
by calcination to MCM-22 which is identical to calcined MCM-49, an

intermediate product obtained by the crystallization of the randomly oriented,



have been described in a nunber of publications. Three
significant nmenbers of the famly are MCM 22, MCM 36,
wORN6A01and MCM 56. When initially synthesi zeRCT/U800&007172
m xture including sources @8 silica, alum na, sodium

and hexanet hyl ene i mne as an organic tenplate, the

initial product will be MCM 22 precursor or MCM 56,

dependi ng upon the silica: alumna ratio of the
jsdvinkiRsiZnVIicestL $6. M 20t psihi.ga: .na Lati o .
OB o DACE-49, b3 et B iR with an
interlaintaht gpadingnslibhtBy efcatés tid dhiefoudde iR afe r&gﬂﬁ@ﬁ YMCM-
oriented, non-bonded | ayers of MC-56 are produced at

24N M9 ipaterinlsni Fhe rasyothesiBod IMOM<S mmiyebe a?l&ir{mlyitself to
. i h
B AR NN S Bsh o5 it fem clgined SAGM 28 MEM-49 in
' ' L 36
HeST ol e ntc o Yy fare o n o pocn

literatirel MOM-2Riscieseiibed ih UM HaRAt MY.C1195 4,309 8R4 ERls in U.S.
to calcined MCM 49, an internedi ate product obtai neg
$35Q,1H87:cP 284 H4Bi anut 53825742 hMEChRdBis ylescribed in U.S. 5,236,575;

MR N AL TR R AMEM il SR % paci ng
slightly greater than that found in the cal ci ned MCM

[@B54VCM Fhe poéferied| zeolifib anatesivnidiamt 28 dnd/ MR sBRp&ifent of the
calcined itself to formcal cined MCM 56 which is

catadystrsystenm snMGM:23edt hawvbeer fmmdithat thenMCME22 may be either
ra@(%%n%y of i ent fg?rat er than, a iyam’ ar structure. In |

usgd I5shethat 15, nof Baving Previousiysser aseticatalyst er alternatively,

I ' ; , 157, .

RN R 52 R el TR 2R G o ater

Has B36n 9ged iVedyy IF the chkabyti Gproéssd LirhsdiEhe é,réslgnyglr%cess or

5,362,697. [0054] The preferred zeolitic nateria
agy oldts preecsvaneponmtsrfor which é is &naiwnsto sy sititablé but one form

22. ]t n found that the 2 may be L
o ederatse MEMRE Whiah Pt Deen Rand g bednelyestientivein the
. . i o T t.ed
P SondA e S8 MOl S BRDEA  ocd o
peddwstiont ofagrdifsficsSehi As aBthylenzBife Cét authérfe,normally using
processes (including the present process or any of its
reactions ssushnasn ebkyetidrorandhitramsalicylaionnowfihe octieene  production
S ARNT pRotesS IS dbSriBed in U.S. Patent No. US 4992606 (Kushnerick et
al). Ethylbenzene production processes are described in U.S. Pat. Nos. 3,751,504
(Keown); 4,547,605 (Kresge); and 4,016,218 (Haag); U.S. Pat. Nos. 4,962,256;
4,992,606; 4,954,663; 5,001,295; and 5,043,501 describe alkylation of aromatic
compounds with various alkylating agents over catalysts comprising MWW

zeolites such as PSH-3 or MCM-22. US Patent No. 5,334,795 describes the
liquid phase synthesis of ethylbenzene with MCM-22.

ped

-

[0055] The MCM-22 catalysts 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.



of regenerated MCM 22 whi ch has been found to be
hi ghly effective in the present condensati on process

WO 20000022 whi ch is previously been used for tP€I/US2006/007172
production of aromatics suéh as ethyl benzene or
cunmene, normal |y using reactions such as al kyaltion and
transal kyl ati on. The cunene production (al kyl ati on)
process is described in U S. Patent No. US 4992606
(Kushnerick et al). Ethyl benzene production processes

InfePmegses PorslSize Adofite Pat . Nos. 3,751,504 (Keown);
4,547,605 (Kresge); and 4,016,218 (Haag); U. S. Pat.

[0038] 4, B62n6t68; abbve) DR 06 :sedotbAlBfidtioR . M MAP be? Bhkried out
5,043,501 describe al kylation of aromatic ‘conpounds
(Higure dausings dszewnhwm{magem srdereto watttheslighter portion of the

i s i t h. as PSH-3 or MOM 22. US
ol Fie Bredsmisanalstisdens. ish dfamal aiomapinafasd. In this case

e N .
cufditions tukihgCatrdiTeorefit Mé&%@i@v@é‘ﬁa@%f‘@én@h‘?ﬁ?hﬁ gﬁ'termediate

production processes by conventional "air oxidatio
pot sieqrealits i sichaas VBN sehiokdd mbtd actine for ethyleme/aromatic

atal yst.s,..I nt erpediate, Pore Size Zeolite [0056]. As ]
aﬁ%@%ﬁ%bﬁh}é%ﬁﬁﬁea{r Zelifes is cRyragtarizgd e pn eifeckize pore size of
j1ed [ Si [ rept .conditions.,i.n
SEAAIIGAU AT UG o el L8 GRaREr S 4 RRdructre
fomestD by NdrieyntRred Faps. THe! desddfbition 0% ilerBEAR H6ref §88" means
In this case, the reaction is preferably carried out
thai tha ezeelifasr inpguestionngenerilly lexhittie ap effective pooe diptitorsin the
usi n di fferent nol ecul ar, si eye catal yst contai ning
ot e §

ENTE 8p a1g; whery tha moleaplansigée rsm theRi-fism. The

i i hyl ene/ ic alkylat] hi .
<P LR, D280, E0E AL OB ol L ] lorpton
tetdineqies Z&h P boBpoanas lof kiien thidimakp kine@icg&i'g}néi‘&@./ @ee Breck,

ore windows ih a crystal structure forne
rolitee Mideadar iSigges, TA#4 despepiaty haptent8); madi Ahdemson et al, J.

ize" neans . that the zeolites in question generally
D’W{g%aﬁiéﬂglq)i-ve pore aperture in the range of
about 0.5 to 0.65 nmwhen the nol ecular sieve is in
[008%] H- f Dhénmethemedif BitérnyeadiMerors i766likts 48 2bpre8sntedbyPLeolites
measur ed using standard adsorption
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

for functional reasons while ZSM-5 is preferred as being the one most readily

available on a commercial scale from many suppliers.

[0058]  The activity of the zeolitic component of the catalyst or catalysts used
in the present process is significant. The acid activity of zeolite catalysts is
conveniently defined by the alpha scale described in J. Catalysis, Vol. VI, pp.
278-287 (1966). In this text, the zeolite catalyst is contacted with hexane under
conditions presecribed in the publication, and the amount of hexane which is
cracked is measured. From this measurement is computed an "alpha" value

which characterizes the catalyst for its cracking activity for hexane. This alpha



techni ques and conpounds of known m ni mum ki netic
di aneters. See Breck, Zeolite Ml ecular Sieves, 1974

w@ ewpoeioad | y Chapter 8), and Anderson et al, JPCT/US2006/007172
Catal ysis 58, 114 (1979). B0057] The medi um or
internedi ate pore zeolites are represented by zeolites
havi ng the structure of ZSM5, ZSM 1|, ZSM 23, ZSM 35,
ZSM 48 and TMA (tetranethyl ammnl um offretite.

, gLIE for _fu ctlonal
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ag @alue(ﬂo gIHetet &haii glautdrs cwﬂhbcy somsidered tb hat/b @ubstantlally
r esent oce s nificant. The acid activit
g&ﬁ Vt“é( t AP e§a envidie alpha yalis Dﬁd@ﬁ Wemn@ﬁaﬂegbme size
?&Sﬂgersfjﬁn%%$ﬁf§ t#f@e f)teﬁ _;,ma*"gﬂ}ng\f@g @yﬁfng/aromatlc reaction
iT Efﬁfath‘b@jd aWilédat NOXaNnmore RS éa‘éamiﬂtf\ B BO4S efdthF gvéﬁ‘ higher.

ubli cati on, and t he amount "o exane wh
Td‘lﬁ athklmjvalge mé' ah@ MW Wrzeolite piefcrabhsugedrinrthe ligu q€action
f

ch characterizes the catalys or
i fe§s g’@ﬁ ﬁ]é ‘é‘ég ypi[uys o8 rat Hesed deareTieiquirad fhupeiceptible activity
h@}%ﬁj hﬂleg%fv'ep?ota?gpf’e?t%#gdty | evel for the zeolites.

purposes 0 ‘process, the catal yst shoul d
have an al pha value greater than about 1.0; if it has

,gmt,g}@l ue no greater than about 0.5, will be
COI’]SI to have substantially no activity for
ane. The al pha value of the internedi ate
[0;6955 ﬁ%ea&gmm f thg Z@ﬂ@lczgnnson%eﬂm f@‘t@b’éﬁﬂwﬂbus@aﬂy contain
t tiG [eg nis ef era
a fpirin Bardrl F RGBT v B3Ry strSghigntog catalyst as

welless ftb 1deT|@1@e WeBhed ‘@rHﬁgpfchﬁﬁ%tmg 54! fh‘éeczftalglst High

preferably used in the I'iqui ase reaction 1s
activity cathlyats mayghoweverebe cﬁ‘énﬁmlateelamtth& bavdersfesgforetby the use
or.perceptible activity hlgher val ues over 10 are
Iﬁnswf table gKtrusion t %mlw; i szr p@@sp]e las deseribednn {16.S: 1¥5908,120.

n si wm Il usua i ai
VR ibod, PR Resiols S el ptontingy siibacaisg, alumine,
tifni&Neikdorlie, bhE %E@'lﬁ&gaﬁﬁz oxide materials commonly used in the

formulation of molecular sieve catalysts. For use in the present process, the

level of MCM-22 or ZSM-5 type (intermediate pore size) zeolite in the finished
matrixed catalyst will be typically from 20 to 70 % by weight, and in most cases
from 25 to 65 % by weight. In manufacture of a matrixed catalyst, the active
ingredient will typically be mulled with the matrix material using an aqueous
suspension of the catalyst and matrix, after which the active component and the
matrix are extruded into the desired shape, for example, cylinders, hollow
cylinders, trilobe, quadlobe, etc. A binder material such as clay may be added
during the mulling in order to facilitate extrusion, increase the strength of the
final catalytic material and to confer other desirable solid state properties. The

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



well as to provide the desired porosity
characteristics in the catalyst. H gh activity
W@ 2108l09916 nay, however, be fornul ated in the PCT/US2006/007172
bi nder-free formby the usélof suitable extrusion
techni ques, for exanple, as described in U S
4,908, 120. When used, matrix materials suitably
include alumna, silica, silica alumna, titania,

SHob5A Gl BS99 0SSR D cuced
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andthe matri x are extruded into t esire

afoosilieaaighl. &hecodtalyssrave praduced toyhiulides she Zédlit@ bﬁth Water to a

A bi nder material such as c

selidkelevaliof 85 o Wi it protsnde oi 25 i etk Of basie material
s} SR PR AT S Bl Dactiiidin U, pat. No.

4$@tg§15propert| es The amount of clay will not normally
exceed 10% by wei ght of the total finishedcatalyst.
ernatively, self-bound) catal ysts are
Pgﬁ‘i? Q?‘S/’ t&mé 896t he extrusi on met hod described in
U S. Pat. No. 4,582,815, to which refer ence is nade
Pbem%l’lﬂEmedum of the nethod and of the extruded

roduct btai ned by its use. The nethod descri bed
B e Wit saseline amihe WWﬂngdg‘ﬁt,c@nblghalqliﬁh@’ product is

B e o A A
réfildrJagofis Qé pBbPHRE R ctiditation & bl%sfgal ég a%Bvé” l‘Wlth cl«te%n feeds,

silica-rich The catal ysts are pr
thee ptodlmtwstdornmpendmglw lewl! indsohtaudharns. ZBhé q)ré’aucwt ¥ high in
in the presence of 0.25 to 10 wt % of basic nateri al

0gigBR raling gt W&ﬁb&@ﬁ@e 95mhging eegudanl i pbtaingdand valyes of over
z {,}Hg t @p%a? M is nomia y2 0%15 80Pragg ut%ltplc% rmiver 82 so that

(RON+MON)/2 values of at least 89 or 90 are achievable with mixed

propylene/butene feeds. Of particular note is the composition of the octenes in
the product with a favorable content of the higher-octane branched chain
components. The linear octenes are routinely lower than with the SPA product,
typically being below 0.06 wt. pct. except at the highest conversions and even
then, the linears are no higher than those resulting from SPA catalyst. The
higher octane di-branched octenes are noteworthy in consistently being above 90
wt. pet., again except at the highest conversions but in all cases, higher than
those from SPA; usually, the di-branched octenes will be at least 92 wt. pct of all

octenes and in favorable cases at least 93 wt. pct.. The levels of tri-branched



Pol yneri zati on Product [0060] Wth gasoline as the
desired product, a high quality product is obtained

WO e@iop4ee0 pol yrreri zati on step, suitable for di PEDUS2006/007172
bl ending into the refinery3gasoline pool after
fractionation as described above. Wth clean feeds,
the product is correspondingly |Iow in contam nants.
The product is high in octane rating with RON val ues
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mihbdh defeees ofl gileﬁﬁld”lﬁgo?m&mihbﬁswhlch occurs since the aromatics are

readily sorbed onto the catalyst and preferentially occupy the catalytic sites
making olefin self-condensation reactions less likely to occur as long as
sufficient aromatics are present. Reaction rates and thermodynamic considera-
tions also favor direct olefin-aromatic reactions. Whatever the involved
mechanisms are, however, a range of alkylaromatic products can be expected

with varying carbon numbers.

[0063]  The objective normally will be to produce products having a carbon
number no higher than 14 and preferably not above 12 since the most valuable
gasoline hydrocarbons are at C;-Cj, from the viewpoint of volatility including
RVP and engine operation at varying conditions. Di-and tri-alkylation is

therefore preferred since with the usual C,, C; and C; olefins and a



in the aromatic feed to form hi gh-octane nunber single
ring al kyl aromatics. As noted above, the

weedvglogrees ar onat i ¢ al kyl ati on reactions are farRCI/E82006/007172
over internediate pore sizé3zeolite catalysts while
propyl ene-aromati c reactions being favored over MAW
zeolite catalysts. [0062] The principle reactions of
al kyl ati on and transal kyl ati on reacti ons between the
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PR et

tions type of unit, the product slate nmay be

{ ed vy [ kit 10 f i ven product .
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effluent stream the gasoline boiling Tange product |g
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Jt1s cantent .of high octane nunher al kyl aromatics, it .

tigfi)-“BE ALHYISHior TP A B TR e Anger the Teastion sendifians se
oftf 1P RoYeBBfilg afplicatitn Rb, EVEN 98. (c-lile?frﬁing priority from US Serial
No. 60/656,955, “Process For Making High Octane Gasoline With Reduced

Benzene Content”); application No. (claiming priority from US Serial
No. 60/656,945, “Vapor Phase Aromatics Alkylation Process™) and application
No (claiming priority from US Serial No. 60/656,946,“Liquid Phase
Aromatics Alkylation Process”), to which reference is made for a description of
these conditions, as applicable to the combined steps of the present integrated

process.

Polymerization Reaction

[0066]  The polymerization may be operated at relatively low temperatures

and under moderate pressures. In general, the temperature will be from about



product forns a val uabl e bl end conponent for the

refinery blend pool for prem um grade gasoline.
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will be carried out under $he reaction conditions set

out in co-pending application No. (claimng priority

fromUS Serial No. 60/656,954, "Gasoline Production By

A efin Polyneriza tion"). The alkylation steps will be
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whi | e hi gher terrperatures will normally be appropriate
mQst oaé@s@lg heipressyre il .h@m thersangesoH2000 dpeﬁfé)O kPag e.g. 3500
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of Agdgt401h11 oWIrj§Vg)m most cases, 5 to 30 hr! WHSV w1th operatlon in the
range of 20-30 WHSYV being feasible. Optimum conditions may be determined

empirically, depending on feed composition, catalyst aging and unit constraints.

[0067]  The olefin polymerization may take place under vapor phase, liquid
phase or supercritical phase conditions (reactor inlet). At the reactor outlet,
liquid phase will prevail under normal conditions with the oligomerization
product including significant proportions of Cg, Cyo and higher hydrocarbons.
With significant amounts of ethylene (FCC Off Gas) in the feed, operation will
commence (reactor inlet) in the vapor phase and when higher olefins including
propylene and butene are present, operation will commence in the supercritical

phase.

[0068] By appropriate adjustment of the reaction conditions in the

polymerization reactor, the product distribution may be modified: shorter



bei ng favored from equi prent and operating

consi derations al though hi gher pressures are not
wardoawptoabl e i n view of the volunme change in tPET/US2006/007172

reaction; in nost cases, th® pressure will be in the

range of 2000 to 5500 kPag e.g. 3500 Kpag (about 290

to 800 psig, e.g. about 500 psig) in order to nmake use

of existing equi pment. Space velocities can be quite
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proportions of C8, Q o and higher hydrocarbons. Wth
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r is n .
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keroﬁe bl englést ocks. Overall feed/catalyst contact

NPHRHa S¥ali€cur ed by operating at | ow space vel ocity

or by increasing the recycle ratio to the reactor.

[087RY | atinothe liquid phase operation, the overall temperature will be from

about 90° to 250°C (approximately 195° to 390°F) but normally not more than
200°C (about 390°F). The temperature may be controlled by the normal
expedients of controlling feed rate, and operating temperature or, if required by
dilution or quench. If the additional vapor phase step is used, reaction
conditions will be more forcing over the intermediate pore size zeolite to attain

the desired ethylene conversion.

[0071]  In the vapor phase operation, the overall temperature, in general, will
be from about 90° to 325°C (approximately 190° to 620°F). With the preferred
two stage process, using the configuration of MWW-stage first, the feed (first
stage 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



[0069] The present process is notable for its

capability of being capable of operation at lowto
wWOoR@enat0e0 pressures. I n general, pressures up POI/ERIOE/007172

7,000 kPag (approximately 36000 psig) wll be

adequate. As a matter of operating conveni ence and

econony, however, |low to noderate pressures up to

about 3,000 kPag (about 435 psig) will be preferred,
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is desired. From this point of view, reaction temperatures at the higher end of

the range, i.e. above 180°C or higher, e.g. 200° or 220°C or higher, will be

preferred for ethylene-containing feeds. Sulfur will commonly be present in the
olefin feeds from the FCC unit in the form of various sulfur-containing
compounds e.g. mercaptans, and since sulfur acts as a catalyst poison at
relatively low reaction temperatures, typically about 120°C, but has relatively
little effect at higher temperatures about 180°C or higher, e.g. 200°C, 220°C, the
potential for sulfur compounds being present may dictate a preferred temperature
regime above about 150°C, with temperatures above 180°C or higher being
preferred, e.g. 200° or 220°C or higher. Typically, the sulfur content will be

above 1 ppmw sulfur and in most cases above 5 ppmw sulfur; it has been found



2000C (about 3900F). The tenperature may be controlled

by the normal expedients of controlling feed rate, and
wop@sariong tenperature or, if required by dil up€DOSIO6/007172

quench. If the additional vapor phase step is used,

reaction condi tions will be nore forcing over the

internmedi ate pore size zeolite to attain the desired

et hyl ene conversion. [0073] Two factors affecting
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sul fur and in nost cases above 5 ppnw sulfur; it has
been foundthat with a reaction tenperature above about
180- 2200C, sulfur levels of 10 ppnw can be tol erated
with no catal yst aging, indicating that sulfur |evels
of 10 ppnmw and hi gher can be accepted in nornal
operation. [0074] In both cases, the space velocity on
the olefin feed to the al kylation reaction w ||
normally be fromO0.5 to 5.0 WHSV (hr 1) and in nost
cases fromO0.75 to 3.0 WHSV (hr 1) with a value in the
range of 1.0 to 2.5 WHSV (hr- 1)



bei ng a conveni ent operating value. The ratio of
aromatic feed to olefin wll depend on the aronmatic
weowbemo1of the feed, principally the benzene BPOCHUSI006/007172
which is to be converted t@8al kyl aromatics and the
utilization of the aromatics and ol efins under the
reaction conditions actually used. Normally, the
aromatics: olefin ratio wll be fromabout 0.5:1 to
%A%'Mi ght and in nost cases from1:1 to 2:1 by
i& . No added hydrogen is required. CLAIMS: 1. A
met hod for producing a gasoline boiling range product
It r om#h mthed for gredugingiangasoliae dbailing aamge pradiichdrom a mixed
e and, propyl.ene ;and liqguid aromatic feed . .
1P Bl 3 BraRY iR oty len S rRoREne 8 Hayid arpmatic
c 0 ' ; ' h | nj L 0@
B e TRLARE, FARR, O EAe Db Ovhich process
comprisesi ng as the active catal ytic conponent, an MW
zeqglitic material to forma_ polyneric gasoline boiling
Passing theosledinic Herg | tet pnfjxedidedr ofrean olefim condensation catalyst
romatic feed %trea i.th the.ol efi

BhitERnge B adtivs v cotmbaneut spd i reatfimaterial to form

it . f i1ing range product
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boi | igﬂg range product containing akylaromatics to form
fixedabed iafeapwsilid mepleewlge siavedalkylation catatsishotb form a gasoline

according to.claim2 in L.ch the aromatic feed stream

%, {@gg pc{oﬁlécft&qpé%lg}n%a%y/&arﬁ ¥8s according to claim
i 80 e bl boyEied B ARAM oo bt
rahgs protiucticodtaiiting bRyledniatés toafor@ gssoliakbodlih@ttinge product.
over a nol ecul ar sieve catalyst conprising a zeolite

of the MWW famly. 5. A process according to claim4

Z.n wA cimethod acodiding db tlhemMCMR Aviiighi the aromaticdeed stream

MCM 22.
comprises a reformate.

3. A process according to claim 1 in which the mixed light olefin feed

stream comprises C, to C, olefins.

4. A process according to claim 1 in which the polymerization is carried out

over a molecular sieve catalyst comprising a zeolite of the MMW family.

5. A process according to claim 4 in which the zeolite of the MCM-22
family comprises MCM-22.

6. A process according to claim 1 in which the alkylation is carried out over

a molecular sieve catalyst comprising a zeolite of the MMW family.

7. A process according to claim 6 in which the zeolite of the MCM-22
family comprises MCM-22.



6. A process according to claim1 in which the
al kylation is carried out over a nol ecul ar sieve
W@ 2108l09910 conpri sing a zeolite of the MWV fan PEgT/UF2006007172
process according to claim3g in which the zeolite of
the MCM 22 fam |y conprises MCM 22.8. A process
according to claiml in which the alkylation is
carried out in two steps in the vapor phase, the first
step being carried out over an al kyl ati on catal yst

conprising a zeoljite of the MW ifam |y and the second .
8st epfoPEACCEh 2gpqding {1 glaimy hiy amegﬁbe iadkylgtien is carried out in

o st 18 eV ol e B R ReB Rt el Bt Pt &k tation
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step being carried out over an al kylation catal yst

allylggianscatglyat eemprismgd diffezetiiMeptetimte pyreasige kbwlite.

second step over an al kylation catal yst conprising a

ZSM 5 zeolite. 10, A process according to claim1 in _

Swhi ch pragess aceerding to slaied8 fin ovichdhe|adlkylation ds cawied out in
i.n.contact, with the
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stream I'ng the extracte I'nS 1S passe
aldyeatidrkydtalyisDBomipeipingna ABMS Acbtitear onatics are

al kylated wth the extracted olefins. 11. A process
according to claim11 in which the al kylation of the

18r ondt precess talccotding to radaitred inl whiaks olefinsaare i exdraotetd from the

Jiquid. phase, 12. A process according to claim1ll
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pressure not nore_than 7,000 kPag, tqo formthe )
ldasol pavosess acggrdingde clrisulik in widvehuthe sllylation of the aromatics
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12. A process according to claim 11 in which the liquid aromatic stream
containing the extracted olefins is passed to an alkylation step in which the
aromatics in the stream are alkylated with the extracted olefins over a fixed bed
of a solid molecular sieve alkylation catalyst comprising a zeolite of the MWW
family in a liquid phase reaction at a temperature in the range of 90° to 250°C
and a pressure not more than 7,000 kPag, to form the gasoline boiling range

product containing akylaromatics.

13. A method according to claim 12, in which the olefinic feed stream is
reacted with the aromatic feed stream in the presence of the catalyst at a

temperature from 150° to 250°C.



reacted wwth the aromatic feed streamin the presence

of the catalyst at a tenperature from 150 to 250 C 14.

WO2Ee0ee36 according to claim 10 in which the BCEUBIU86/007172

are extracted selectively #omthe ol efnic stream

under conditions favoring extraction of the higher

olefins in the olefinic streamto forman aromatic

stream enriched in propyl ene and butene which is
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| kvl ated wth the. eth
o tu¥ief, Sckchitene il paer divpihes Alkylation sicer wadaat elefinic
P& : ' ' vano e. 16. A process
accortgéoﬁgdllt‘%@c‘%tgﬁ%h%s&gﬁa 1 gt:ﬁht%"géi nt er medi at e pore
size zeolite is ZSM5. 17. A process according to
16l ai M\ IdrdcBssvatedtdine talcPiRY 14 iat WhRAR i Q{e@ﬁlicatefﬁluent stream
with the ethylene in the effluent streamat a
contapeingtaihyené i@ possed t182mGlkyRatioA siepieshidr s softhticGtream
[ e aromatic streamis al kylated wth

.claim1_in wWhjch t
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1 in which a portion of the conbined products fromthe
180! ynery <0 @l kyl.akl 0RsSiens,:i : .
et ain o e Y LBl T s RS hETHRrRl: pore size
zecliterislZisgM+5H cl aim 19 in which a portion of the

conbi ned products fromthe pol ynerization and

al kyl ation steps is recycled as quench injected

15et wheBrangss aeeardingteddaint 14dn wiach the aromatiat siteast is alkylated

with the ethylene in the effluent stream at a temperature of 200° to 325°C.

18. A process according to claim 1 in which the aromatic stream is alkylated
with olefins in two stages, at a temperature of 90° to 250°C in the first stage and
a temperature of 200° to 325°C in the second stage. A

19. A process according to claim 1 in which a portion of the combined
products from the polymerization and alkylation steps is recycled as feed diluent

to the polymerization step.

20. A process according to claim 19 in which a portion of the combined
products from the polymerization and alkylation steps is recycled as quench

injected between successive beds of polymerization catalyst.



