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RELATED APPLI CATI ONS [ 0002] This application clains
priQrit qm . Application Serial No. 60/656, 946,

( ‘.:_.' b ¢l o, A*:.‘.:, 9 lgh‘___ (A A :L‘L RRO4 hase
Aromatics Al kylation Process. [0003] This application

i 2 i.ng applications Serial Nos. , |,
3 rﬁb %mmm mng priority, respectively
from Applications Serial Nos. 60/656, 954, 60/656, 955,

56, 245 and 60/656,947, all filed 28 Februyary 2005 .
[Qﬁﬁcﬁent %}Seﬁmfe lr%lcf‘?q%‘@is YO & RO8FSSy gorp QE‘?#{’(?II[%ByOP gasoline
Ydilhd NraRokY BRItbE 2ilePNby {HB' Q6R3Dn OF Bl hdhyi i
Cct aghe Ggsol Ine with F?éduce Ben?ene @nt gﬁ?ﬁ%gwggo?mmatw
IBidasearbowsimt thedightid phadd. on Process” and "Qd efins

Upgradi ng Process". Reference is nade to the above
applications for further details of the conbined,

LS RLERSEESTOIREN AN AR ARSI ™ 1,

| NVENTI ON [0004] In recent years, environnmental |aws
and regul ations the have |linmted the anbunt of benzene
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1t 595EF so as to avoid the production of benzene
directly. An alternative approach is to renove the
benzene fromthe reformate after it is fornmed by
[0003] This application is related to co-pending applications Serial Nos.

, , and , of even date, claiming priority,
respectively from Applications Serial Nos. 60/656,954, 60/656,955, 60/656,945
and 60/656,947, all filed 28 February 2005 and entitled respectively, “Gasoline
Production By Olefin Polymerization”, “Process for Making High Octane
Gasoline with Reduced Benzene Content”, “Vapor Phase Aroﬁatics Alkylation
Process” and “Olefins Upgrading Process”.

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] 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



means of an aromatics extraction process such as the

Sul | f ol ane Process or UDEX Process. Wl l-integrated
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early1930s, large amounts of olefins, particularly

nosgive ednitibution dotpradueit oathage Certain processes have been proposed
for converting the benzene in aromatics-containing refinery streams to the less
toxic alkylaromatics such as toluene and ethyl benzene which themselves are
desirable as high octane blend components. One process of this type was the
Mobil Benzene Reduction (MBR) Process which, like the closely related MOG
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



propyl ene, butyl ene, becane avail able in copious
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if the éedrlé tea clynedee {sndbte deposib anithe catalyst, reducing its activity
and increasing the pressure drop across the reactor. Environmental regulation
has also affected the disposal of cracking olefins from these non-integrated
refineries by restricting the permissible vapor pressure (usually measured as
Reid Vapor Pressure, RVP) of motor gasolines especially in the summer driving

season when fuel volatility problems are most noted, potentially creating a need

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.



different directions and for these plants, processes
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5, 865,986. [0010] Wil e these known processes are

Qtbenneitngrypracessas have alseeheen proposed to deal with the problems of

excess refinery olefins and gasoline; processes of this kind have often functioned

by the alkylation of benzene with olefins or other alkylating agents such as
methanol to form less toxic alkylaromatic precursors. Exemplary processes of
this kind are described in U.S. Patents Nos. 4,950,823; 4,975,179; 5,414,172;
5,545,788; 5,336,820; 5,491,270 and 5,865,986.

[0010]  While these known processes are technically attractive they, like the
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.



MOG and MBR processes, have encountered the
di sadvantage of needing to a greater or |esser degree,
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strongly against themin prgsent circunstances.[001 1]

For these reasons, a refinery process capable of being
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catal ytic units over, the fluid bed type operations . e
Benzene produced in the reformer will be removed in order to
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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.

[0012]  The necessity of keeping capital cost low obviously favors fixed bed
catalytic units over the fluid bed type operations such as MOG and MBR. Fixed
bed aromatics alkylation processes have achieved commercial scale use in the
petrochemical field. The Cumene Process offered for license first by Mobil Oil
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
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processes such as those referred to above, do not |end
thensel ves directly to use in petroleumrefineries
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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
economically attractive, it is necessary for it to consume both of the lightest
olefins. Propylene is more reactive than ethylene and will form cumene by
reaction with benzene at lower temperatures than ethylene will react to form
ethylbenzene or xylenes (by transalkylation or disporportionation). Because of
this, it is not possible with existing process technologies, to obtain comparable
utilization of ethylene and propylene in a process using a mixed olefin feed from
the FCCU. While improved ethylene utilization could in principle, be achieved

by higher temperature operation, the thermodynamic equilibrium for the
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any process is to be economcally attractive, it is
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SUMMARY OF THE INVENTION

[0015] ~ We have now devised a process which enables light refinery olefins
from the cracker (FCCU) 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 specifications

while making good use of the mixed olefins from the FCCU. The process is
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DRAWDSGSS schematic for the aromatics al kylation unit

[0017] Figure 1 shows a process schematic for the aromatics alkylation unit
for converting mixed light refinery olefins and benzene to motor gasoline in a

liquid-phase, fixed bed reaction.

[0018] Figure 2 shows a process schematic for the aromatics alkylation
unit for converting mixed light refinery olefins and benzene to motor gasoline in

a two stage, fixed bed reaction with initial liquid phase reaction.

DETAILED DESCRIPTION OF THE INVENTION

Process Configuration

[0019] A schematic for an olefin alkylation unit is shown in simplified from
in Figure 1. A stream of off-gases from the fluid catalytic cracking unit (FCCU)
including light mixed olefins, typically C, and C; olefins (ethylene and
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[0020] From the guard bed, the reaction mixture of olefins and reformate
passes to alkylation reactor 20 in which the mixed olefin feed is reacted with the
benzene and other single ring aromatics over a fixed bed of alkylation catalyst to
form the desired alkylaromatic product. The alkylate product passes through
line 21 to fractionator 22 in which it is separated into light ends, mainly light
paraffin by-product from the alkylation reaction, and the desired alkylaromatic

fraction in the gasoline boiling range.

[0021]  The alkylation reaction is carried out in the liquid phase at relatively
mild temperatures and no diluent or quench is normally required to handle heat
release. Accordingly, the equipment is simple and, with no diluent passing

through the reactor, full utilization of reactor capacity is achieved. The preferred
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of the guard bed is to renpbve the contani nants from

the feed before the feed conmes to the reaction

(afinlKeed and provided that this is achieved, there is

w de variety of choice as to guard bed catal ysts and
conditions useful to this end. Aefin Feed [0023] The
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dbedihed ®yMheesslyae kiadldng T PetRl&an Febdocks 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. The
olefins which are primarily useful in the present process are the lighter olefins
from ethylene up to butene; although the heavier olefins up to octene may also
be included in the processing, they can generally be incorporated directly into
the gasoline product where they provide a valuable contribution to octane. The
present process is highly advantageous in that it will operate readily not only
with butene and propylene but also with ethylene and thus provides a valuable
route for the conversion of this cracking by-product to the desired gasoline

product. For this reason as well as their ready availability in large quantities in a

refinery, mixed olefin streams such a FCC Off-Gas streams (typically containing
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Ethane
Ethylene 1 2
Propane 14.5 15.3
Propylene 42.5 46.8
Iso-butane 12.9 10.3
n-Butane 33 2.6
Butenes 22.1 18.32
Pentanes 0.7 0.4
Table 2
C;-C4 FCC Gas Stream
Component Wt. Pct.
1- Propene 18.7
Propane 18.1
Isobutane 19.7
2-Me-1-propene 2.1

1-Butene 8.1



typi cal FCC gas streanms is given belowin Tables 1 and
2, Table 1 showing a light FCC gas stream and Table 2
wa@2@boean from whi ch the et hyl ene has been renpwBUS1006/007171
the gas plant for use in thé refinery fuel system
Table 1 FCC Light Gas Stream Conponent W. Pet. Mbl.
Pet. Ethane 3.3 5.1 Ethylene 0.7 1.2 Propane 14.5 15.3
Propyl ene 42.5 46.8 |so-butane 12.9 10.3 n-Butane 3.3
2.6 Butenes Butangg 32 pentanekd.d.7 0.4 Table 2 C3-C4
FCC Gas Strebman$&@aputemst : W .8.Pet. 1- Propene 18.7
Propane 18. Qislxzbbtéhane 19.7 26 8e- 1-propene 2.1

1-But ene 8. Igsfuftane 15. 1 Tranfs2-Butene 8.7

G s-2-but engc O?eﬁns 18.7
C4 Olefins 25.6
Total Olefins 44.3

[0024] 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
SPA units. Unlike SPA, the zeolite catalyst does not require the presence of
water in order to maintain activity and therefore the feed may be dried before
entering the unit. In conventional SPA units, the water content typically needs
to be held between 300 to 500 ppmw for adequate activity while, at the same
time, retaining catalyst integrity. The present zeolite catalysts, however, may
readily tolerate up to about 1,000 ppmw water although levels above about 800

ppmw may reduce activity, depending on temperature.
Aromatic Feed
[0025] 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,
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aIgrinesttigst.r “4leformate” nsttraeiapns 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
contain very low amounts of sulfur as, usually, they have been subjected to
desulfurization prior to reforming so that the resulting gasoline product formed
in the present process contains an acceptably low level of sulfur for compliance

with current sulfur specifications.

[0026] Reformate streams will typically come from a fixed bed, swing bed or
moving bed reformer. The most useful reformate fraction is a heart-cut
reformate. This is preferably reformate having a narrow boiling range, i.e. a Cq
or Cg/C; fraction. This fraction is a complex mixture of hydrocarbons recovered
as the overhead of a dehexanizer column downstream from a depentanizer

column. The composition will vary over a range depending upon a number of
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in Tables 2 and 3 below. The reformate shown in Table 3 is a relatively more
paraffinic cut but one which nevertheless contains more benzene than the cut of

Table 2, making it a very suitable substrate for the present alkylation process.
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RON 78.5
MON 74.0
Composition, wt.

pct.

i-Cs 1.0
n-Cs 1.6
Cs napthenes 1.8
1-Cg 28.6
n-Cg 14.4
Ce naphthenes 1.4
Benzene 39.3
i-C; 8.5
n—C7 0.9
C; naphthenes 0.3
Toluene 2.3
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[0032] 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). 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

[0033] The aromatic feed and the light olefins pass in contact with one
another in the absorber. Contact between the two feeds is carried out so as to
promote sorption of the light olefins in the liquid aromatic stream. The absorber

is typically a liquid/vapor contact tower conventionally designed to achieve good
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e 4 A efin Recovery P, kPag (psig) Tenperature,
Percentag A efin C (F) Recovery 1172 (170) 4 1 (105)
58 1172 (170) 16 (60) 69 1724 (250) 4 1 (105) 69 1724

63528) 19nt @Q&r%ﬁo%ﬁi@h(tﬁg Bletthslaré %Q@ed% the aromatic stream will

depend primarily on the contact temperature and pressure, the ratio of aromatic
stream to olefin volume, the compositions of the two streams and the
effectiveness of the contacting tower. In general terms, sorption of olefin by the
liquid feed stream will be favored by lower temperatures, higher pressures and
higher liquid:olefin ratios. The effect of temperature and pressure on the olefin

recovery the liquid stream is illustrated briefly in Table 4 below

Table 4
Olefin Recovery
P, kPag (psig)  Temperature, Percentage Olefin
CF) 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

[0035]  Thus, with absorber operating temperatures and pressures similar to
those above, e.g. temperatures up to about 100° or 120° C, at pressures up to
about 3500 kPag e.g. up to about 2000 kPag, olefin recoveries of 50 to 90

percent can be expected with contactors of conventional efficiency. Sorption of
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1Ak Fanee Qﬁy @pilnto i(eee pelosv)sud the conditining an leg absiorber should

be,conpri ged pr.e i nant.| f the lighter olefins,
bﬁrqeﬁﬁgﬁafngflﬂﬁg@% Q\ﬂTl %e@‘ﬁrf{%geggg%o‘i n a separate,
hi gher tenperature alkylation step carried out in the
vapor phase. Figure 2 shows a sinplified process

[6a3By mat The funsorbeidngdefiid whickhpass g of thesabssobéravill Be comprised
that of Figure 1 with the sane conponents identified

mgdeminanglyeoty thedightercolalingrprincipally ethylenesehish danghe esed in a

szeparlggécefl/%ﬁiér ttgr%plépa%grrebgﬂ(y?alltlegﬂ rs]tep carried out in the vapor phase.

Figure 2 shows a simplified process schematic for doing this. The layout is
similar to that of Figure 1 with the same components identified by the same
reference numerals. In the case of Figure 2, however, the unsorbed olefin
effluent from the absorber passes out of absorber through line 20 and then .
through heater and/or heat exchanger 21 to vapor phase alkylation reactor 22
which is also fed with additional aromatic feed through line 23 passing by way
of heater/heat exchanger 24, with sufficient heat being provided to bring the
reactants to the required temperature for the alkylation in reactor 22. In reactor
22, the lighter olefins, predominantly ethylene, are used to alkylate the aromatics
in a fixed bed catalytic, vapor phase reaction which is preferably carried out over

a catalyst comprising an intermediate pore size zeolite such as ZSM-5 which is



effluent fromthe absorber passes out of absorber

through Iine 20 and then through heater and/or heat
weebanmyer 2 1 to vapor phase al kyl ati on reactPCT/BR2006/007171

which is also fed with addi®i onal aromatic feed

through Iine 23 passing by way of heater/ heat

exchanger 24, with sufficient heat being provided to

bring the reactants to the required tenmperature for
mere astivg|far eylene eeniersion than the MBNWY dype2golitadavored for the

A BB U B S E B RS i esctor
mr@ﬁﬁag%qﬁe% WisQidm ! £ ﬁ&g/.kéle%’viﬁ 55 h&nBlihn BetioRator for
catal ySt conprising an Intermediate pore size 2eolite
betichlkgtatitBMeactos.ch i snore active for ethyl ene

conversion than the MW type zeolite favored for the
liquid phase reaction in reactor 10. Al kylaromatic

r.odu i,s taken fromreactor 22 by way of line 25 to
C?%@ff@ﬁé% 16 now serving as a conmon fractionator

for both al kylation reactors. Catal yst System [0037]
The catal yst systemused in the |iquid phase

[@03Fy| at The cefalysieysteas aséd B reiguidqiiade @tll\l/b@\?tion of the present
preferably one based on a zeolite of the fam |

C y
PBeeass sentaiie tcprsierablysone basedisinta zealist lof the MEWIWifamilydrecause
he desired ar.omatic.al kylatjion reagctiqn.using |ight .
ol SRS L S BT B! Sty ttion

: o L eve. ¢ _
BRIV ng Bollf SITHIAT b BRI bAbyRnE 1 62 BWEREE, idibible to use
otlege thaloculaiM sidveascaialgsisi Bad this lgeid Phabd, ARPladivd, including
US. 4,6393,262 for the manufacture of 7|oet rochem ca
y

cotmlgtie bpsestronefSMely asedeseribediinl (pBoBylssms3 sad AT.955393,262

107 e HpiigeS of BRradEoaeh el by Telingrs benzene and
5 m s -

ePopAEnC gty Busel Bz cife 1RROS U RLBANE O Kb, a5t o

MV ste Wast@ ddB3F-2Fhes WM {bRAl 1y IRK. 2e019,8@4 nEll egfl fihsch are
has achi eved recognition as
reported to have activity for the alkylation of light aromatics by propylene.

MWW Zeolite

[0038] The MWW family of zeolite materials has achieved recognition as
having a characteristic framework structure which presents unique and
interesting catalytic properties. = The MWW topology consists of two
independent pore systems: a sinusoidal ten-member ring [10 MR] two
dimensional channel 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 c direction between the pores. In the hexagonal plate-



havi ng a characteristic framework structure which
presents unique and interesting catal ytic properties.
wab@ehWie opol ogy consi sts of two i ndependent POF/ES2006/007171
systens: a sinusoidal ten-r@nber ring [10 MR 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
likenctysials Dhdhe M3V tyyes veohites, theectys¥ild aperformidd iof relatively
hexagonal and the nol ecul es diffuse along the [100]
SHAleERIBRS Oof mitsealons the &, irecém,n #artesyly of gvhich, much of the
[ ' n i ' et.ween, t h QFkEes.
CFOTHEEALO o by fd IGLRE BEMICERCES BOEEE o e
cERMAls iR She Fdith 6f thetctipSstaped bavitRy. o theidddotadchire!df certain
nunber of units along the c direction as a result of
mgrhbérs ofidhe dhntihe such alsyMGCMa22j vhe wupsshdped taavitidsi vembine

sitﬁs | ocated on the external surface of the crystals
togrtherelq 0T G SupRICeRR- shig MCHd2t fagyly o zeglites has attracted

[ EeLlqr. st ryct ur e of tain. ers of the.famly .
S RS e A8 B4 PBRRI ARl onbvics ot
it SRR 262, 191 B 13U 51399_'4}9511(1 the %Mx%%o%]ﬂﬁbhythaf the family

zeolites has attracted significant scientTfic
iatludert pommber of izeslitioi materiabnswinas RSH JHyMEdR2R,i BECM 49,

é |, in_ Science 264, 1910-1913 [1994] .and the | ater
MeM i 1957 2habRird, 1AR-Ly andcotbass d-ohensbiloAICHE Annual

l\é%qiwa%rﬁ%%i}such as PSH 3, MCM 22, MCM 49, MCM
) , 1771 TQ I, and others. Lobo et al.
Al ChE Annual Meeting 1999, Paper 292J. [0039] The
rel ati onshi p between the various nenbers of the MCM 22

[0Ga9] | y The eclatienship betwoadthiervaaioms mhembers of the MCM-22 family
publicatjons. Three significant nmenbers of the fam|l

haye beemdgscribadvinss number o6 publeatigns. sBhrepysignifigant lap%gbers of

B TR ARG BN M2 B0 58 Win piially
sOhfReIzed L RFRI AlRixthRCindMdiha! soRfQAUSE sitich) aRfniMeMsédium, and
precursor or MCM 56, depending upon the silica:

hekamictheyl et iminefastameoriganici tamplate, 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,
as-synthesized MCM-56. In MCM-49, the layers are covalently 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



synthesis mxture. At silica:alumna ratios greater

than 20, MCM 22 precursor conprising H bonded
woesbiog@abd y al i gned |layers is produced wher easPCHOSING/§07171
ori ented, non-bonded | ayer21of MC-56 are produced at

| ower silica: alumna ratios. Both these materials nmay

be converted to a swillen material by the use of a

illarin t and gn calcination, this |leads to the
o Q?A?I,Hgé M35 stitich i dastinet fowh zelcimed MCM-22/MCM-49 in

SR DERlRE MR RS 0y o S3im SESthtront lathe patent

: _ i:nt i i .
It A4 A8 R T O TN U

&Y AT ;h8284 sodll AN SB382 MAVCMBMI-49 He degotiied @ ©.S. 5,236,575;
lentl r£onded w th_an interlam nar spacing
MEN0 17 % 2 220,3hhand BAEM-56ria U.5. SA6268ci ned MOV
22/ MCM 49 materials. The unsynthesi zed MCM 56 may be
calcined itself toformcal cined MCM 56 which is

[0040] | NCTThE W&eﬁ?&b\%e@ﬁﬂg '}‘E%(Eﬁgf r¥sd % he R/?W\Vgco?n oorjent of the

randomy oriented rat an a lamnar structu

catudygiastysteim fis MICR-02 e IMEM Bler foRbthat BROMEMR B may be either
Patent No. 4,954,325 as well as in U S 5,250,777, .
1156(% shathat ify 19t bayingdmenyaviogsiysis¢dssra ¢atalyshot klgratively,

rBebgd Ml manhe i R Seeperilen MCMrad why e st afer
MG : I tem.i
s, e i, PRooR &R T 4R R Fown o be

seitabier buis ede foemh of trbgénerated MVICMa22 RehibRelinsPbei dhd to be
used afs a. catalyst or alternatively, regenerated

highly 2ottReljve dny Hed pressgt rondersationVpracessyis bMGMe22 which is
. .t has be used in any of. the catal ytic
B O pR o 8 ol ot 5ot b g asbubgeene or
. V) i . f
o 5Dk ol IR A BB AESR U . e
cumekiENpiidiuetion h(allsylptien) pusdeys deedesudbed fiar UthePatent No. US
producti on of aromatics such as ethyl benzene or ] )
“2dAete (Kushrgrick efsalhFthythenrensprodubtion paodesstst drordeaenibed in
05232883 781,504 K eown); 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.
[0041]  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.

Intermediate Pore Size Zeolite



cunmene production (al kylation) process is described in
U S. Patent No. US 4992606 (Kushnerick et al).
wEehwlobenrene production processes are descri bRCI/US2006/007171
U S. Pat. Nos. 3,751,504 (Ré&own); 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
descri be al kyl ati on of aromatic conpounds with various
[@94€)1 at Asgnetgémbsveyisrmapnbal desirgbleciopearsy oyt Magcond alkylation
eol i.tes,.such as PSH- 3 .or 22. US Patent No.,
SEetysinG Pl RondianidR, on 0 pinet dhe il aostion of the olefin
y. ' . atral y st
TBLAVp25ARAEY LM T, O naT okt Hee® 2RI B, he
readtidnbisnpesferabhyd cairieed oatr iveld ¢gpdit plebise tirler i gkdiS&@sperature
by conventional air oxidation techniques simlar to
condionsdisingpn ifeteat modetularsices adtgltst containingrediinteemediate
Pore.Si ze Zeolite[O of ed above, it y b i
RPLS | ¥4 PEOHIS § %S %ﬁzﬂkﬁ%@&ﬁ&sm 261k 167 é&hﬁgnﬂgromaﬂc
' n OpCll -5 ' rs t Lobt er .
fREETLROAY BP9l S et REEAR ) IR dHARE pore sice of
gentinliditst i thaal auwe Bvhs, fRdor pord Rlisdersan 4 R®ystal structure
reaction is preferably carried out in the vapor phase
formied byi fhorenmberpd ringsr elhwodelignasion lintempediatelpbfeesieelt means
| ecul ar,. sieve catal yst cqntajni.ng an..internediate )
thgh fhecrelitse iy ﬂpsag%ﬁe%%fa m@% %ew?f%ctwsr@rsmewe in the
rgﬂ%ef BF ABbEN6/ L GRS ﬁm%ggééﬂtlé %IF%hhlf‘ sfe@01id Yo Yhe H-form. The
ze y an effectl

Ites Is characteri ze ve pore 'size 0
effeeival pord eie oliateolitelcall. B& Nmeddialéd rusied estimdel@Wedsorption
in a crystal structure fornmed by 10-nenbered rings.
taelmigess gadconrpounds eofnkuiven enprimens ikiectiondtamsetetsatSee Breck,
he. zegl jtes ip. question generally exhifhit an
28tk dolectlrSiafls 8 (Besaly Shater Shisd Apdgrso et al,
g | ecul ar sieve is in the Hform The
g?@@é%%”?%r@?? ‘e of zeolites can be neasured using
standard adsorption techni ques and conpounds of known
m ni mum ki netic di aneters. See Breck, Zeolite

M3 cul dheInedism ot dmermrediptecpariel seolitesparerrepyesented by zeolites

e Attt de of ZSM-5, ZSM-11, ZSM-23, ZSM-35, ZSM-48 and TMA

(tetramethylammonium) offretite. Of these, ZSM-5 and ZSM-11 are preferred

D

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

available on a commercial scale from many suppliers.

[0044]  The activity of the two 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 ié 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



Catal ysis 58, 114 (1979). [0043] The nmedi um or

internmedi ate pore zeolites are represented by zeolites
whawsngiodhe structure of ZSM5, ZSM I, ZSM 23pCZ68086007171

ZSM 48 and TMA (tetranet hyl2Zdmmoni un) offretite. O

these, ZSM5 and ZSM 1| | are preferred for functional

reasons while ZSM5 is preferred as being the one nost

readj |y available on a comercial scale from many
valyspisivused to detina therhetivityt lovet forghe zpeliteswo Foe the punposes of this

ER PR eyl Ohia Pk on LRt G e S i o i it has

, i . . _
RS0 S Her i RN S PR BBl
npl&abjity for ¢rackingehexant heTleslphh &vabids of W irtérmediate pore size
contacted with hexane under conditions presecribed i'n

zepbitepabthecaBMbA, type grefiecendiablyrsedfion dheaethyldnetronmtic reaction
.cracked.is asured. From.this asyrenent i s conputed,

i§ pReté i at JERE Ol etorenin s e or a0 da: HIG SF Bven higher.
TSaBhE TRLIARE MOV, 2lieg BB i RO Bud® reaction
i tesstdritical aihoesh shhicRi of 4111684 SIS ard RRueel aby %%rq%?ﬁﬁléj activity
have an al pha value greater than about 1.0; if it has
haghes| valzes\auend Oreve grefgrred. t han about 0.5, will be

consi dered to have substantially no activity for
cracki ng hexane. The al pha value of the internediate

MGriseolite of the ZSM5 type preferentially
(gdgé@s?or ’t‘lﬁe et hyl ene/ aromatic reaction is preferably

at least 10 or nore, for exanple, from50 to 100 or

even higher. The al pha value of the MW zeolite

[¢9450 er aln gddisien torthe eolitiegpuipphente theecatelyshwild usealy contain
critic aI.though values. of at., least 1 are r

i Pt B PO V4 G561 tgrige AP cule GYERER0TCL e catalyst as
waIf |a§ Mo Broﬁ%é ghy¥ S&es?%gr}g&oglﬁg %reiﬁ@?r?sqﬁlstihogmeg g%t{agﬁﬁ High

zeol Ttictconponent, atalyst wi il UusUa
aatify Ichral yats eddyg ho®iever, heformil BRI thebifdotefras estadbe the use

osftsru(ietr; {eh e)tct?'u;igg t(égltn?ilq%/lgst, faoi example, as described in U.S. 4,908,120.
When used, matrix materials suitably include alumina, silica, silica alumina,
titania, zirconia, and other inorganic 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



well as to provide the desired porosity
characteristics in the catalyst. H gh activity

W@ 2008/0990% nay, however, be fornulated in the PCT/US2006/007171
bi nder-free formby the use4of suitable extrusion
techni ques, for exanple, as described in U S
4,908, 120. When used, matrix materials suitably
inculdjgdefallurriqﬁ, gilicaIl siIic(g aLurrina,_titania, )
NG L2y il b Rk normaiy Sxceed 1 e bivaweightiof thertetahi fnished

[ I Ieve catalysts.
R DN Rty Ay RSO rBHE e kBl Tgpduced
bESHE densidi nhehorddaiceitar i SUZR) PAEONbL & 582815, 10 which
finished matri xed catalyst will be typically from 26
refsrensevisypadefgha deseription abthe mettesl &ndof Zhe ertréSedproducts

wej ght., | f agt f, trixed talyst, th
oL B . e oo, SksPiibed Jhase smables Exanantcsving high
™~ - : i f the,
BRAEFHTEP G 8 B PP UG EHEBE Pl Somsaigment and
aamfdiﬁgey,nmerm&twdeis%ﬁl@ﬁgglsuﬁametfa? 6 if, itl?é‘og@ﬁlysts which

for_exanple, cylinders, ow cylinders, t
agsiticatyish. dihe. catelystadee predieeddy sutlingtheciedtitemitd®ater to a

dyr | t |1 i der to facilitat
s8fids TrePhiat 38 o ¥l naRe presegen 060 231 10 hebé of basic material

WARE j an opfer. ot her.desirabl e lj.d
S0, B St h oA bl Bl & b Twndar v b No.
46582¢815.10% by wei ght of the total finished catalyst.

Unbound (or, alternatively, self-bound) catal ysts are
suitably produced by the extrusion nmethod described in
PU'$' aat . No. 4,582,815, to which reference is nade

{RPUC, LRGN i on of the nethod and of the extruded
products obtained by its use. The nethod descri bed

t here enabl es extrudates having high constraining
[Gou6ENgtbutifig the RIRAHESA R0c&E8NY SRR S ﬁféEﬁéfﬁét@cfblly different
equi pment and accordingly, the nethod is emnently

reagtiond kakef placer ddewlefing hetheafead ysdcs with e single ring aromatics

.Sjlica-rigch he catalysts are produced by nulling the
11&@19 Fromagicy f?e-d[é? dprm diigh-ggtang punahes single 27mg alkylromeugics. As

L4t esgnc . to 10w %. of basj.c materi.al
ng{&g h tglg(s) Qé’o jﬁ% m&rl]l& i rn%f(%rggl.a%ﬁu AIARTIOR: raﬁapéo%sr I o fgyered over
irfteetiafRe pors sizdkeol® catalysts while propylene-aromatic reactions being

favored over MWW zeolite catalysts.

[0047] The principle reactions of alkylation and transalkylation reactions
between the aromatics and the olefins will predominate significantly over the
minor degree of olefin oligomerization which 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

considerations also favor direct olefin-aromatic reactions. Whatever the



4,582, 815. Product Formation [0046] During the
al kyl ati on process, a nunber of nechanistically
waledobes®me reacti ons take place. The ol ef i ns i PCT/82006/007171
feed react with the single 25ing aromatics in the
aromatic feed to form high-octane nunber single ring
al kyl aromatics. As noted above, the ethylene-aromatic
.alkylation reactions are favored over internediate
1pgelyed | mechanisms are,ahewgeers avkange qfr dllylasematic praduats can be

ti.ons, being fayored over MAW zeolite catal ysts.
e%(ggﬁtﬁi%vgwl © \{)é’nr 8ns of al kyl ati on and
transal kyl ati on reacti ons between the aronmatics and
the olefins will predom nate significantly over the

[0048)r dEheesbjedtival Rbtmalby wdlire toz ptdduRe Wibahctd Mai a carbon
Si rlgqe th}e{ aromatics are readi|ly sorbed onto the
mibaryng higher tha d¢ and; preferablycuglyahiave I2asince the nyost emluable

e L T i
i . o i y i d i . .
PR i

théreforeoprefdredc samjes wwitlr the h@wBleC,, T, ande G)f olefins and a

al kyl aromatic products can be expected with varying

reedassinangainds BenZepgig] then carompasist feed, nbicytatdmativ prodiets with

t roduce oducts hgving.,a carb nynber,_no_hi gher

ol AobEr P Shdipr ) o4 dus deadily ashipertine Drpending on the
o O . -

T A SRR ORERRR 3306 Lol LB bARTAE may be

vapiedatiitin attinnamy icogditiondi forongy Blveangrédict aliiitimition) being

Is therefore preferred since wth the usual C2, C3 and

detesrunedhempiracallypr edoni nance of benzene in the

aromatic feed, al kylaromatic products with carbon
nunbers from about 10 to 14 are readily achievabl e.

| D R ARG RERPeRiS [ioth uhBha! kifor offipopy stream,
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.

Process Parameters

[0050]  The present process is notable for its capability of being capable of
operation at low to moderate pressures. In general, pressures up to about 7,500
kPag (approximately 1,100 psig) will be adequate. As a matter of operating
convenience and economy, however, low to moderate pressures up to about
3,500 kPag (about 500 psig) will be preferred, permitting the use of low pressure
equipment. Pressures within the range of about 700 to 15,000 kPag (about 100



varied with opti mum conditions for any given product

di stribution being determ ned enpirically. [0049]
wWQ@\Rdoen9wepar ati on of |ight ends fromthe final PCEES1006/007171

ef fluent stream the gasol i2ée boiling range product is

taken fromthe stripper or fractionator. Because of

its content of high octane nunber al kylaromatics, it

i pnormal Iy have an_octane nunber of at |east 92 and

I
1By i’é > hﬁ’%ﬁ)s ipreferaply 9556t te\Ap0® gkPagh(abopt Gk to f5B0mpsiz) will
n;lo?mléﬁ Ib%%ﬁﬁgfaconponen_t for the refinery blend pool

or prem de gasoline. Process Paraneters [0050]
The present process is notable for its capability of
bei ng capabl e of operation at |ow to noderate

(@053 sur bs the iquédghake opessim; Qhe ekl Q&ﬁpéraﬁlréo\gﬂl be from
approximately 1, 100 sig) wll be adequate.
aﬁﬁ%‘ig%é E} & éﬁﬂpﬁ@m@tﬁ’ﬁ‘ﬂé’n{) °d@ 4&981? B Gl@n@lg% nﬁhmme/ dtan 200°C
F)
%aéﬁﬁ&u@dé’é‘% TG REF SR e Fordie egdohy e novndlrranedients of
SRuSRMPIETEHE g8 608’60‘%;9%82@ H*éﬁ?ooﬁ“t of s yl8 b7 Alfion or

quentler dBithe 2801ional 4aﬁ&0pk&gsté5@b@u§ec?%@aétﬁ)r58&ldlﬁbﬁ§ will be
will naormally be suitable Inthellqwdpase

naRyerfaring oven thegintaramediate rppeep $ize tzeomwltb ateirf therdealred ethylene

VSR SR tl%@é@ﬁ?s%ﬂ?ﬁ i 825@ at JFBimigE Beority of
A&Siﬂfcraﬁbhegeﬁéfl N 60/638l948X pe\%ﬁqt Pni¥e %qﬂflaﬁkh 191%0 ss”), for

rate, and operating te requi

elambné @10i08 10 3258 me(rapbromfnawy 4806 itd 620 aF).vapor phase
step is used, reaction conditions will be nore forcing

over the |nterrred| ate pore size zeolite to attain the

(i@%il | caShisy PRI R T ofehnest Sl Reyaly be from 0.5 to 5.0
V @@t afd 36 mhedk c%és f@&hﬁﬁ% 26+8.0 WYBOO'(hF73%th a value in the

AI kyl ati on Process'
range of 1.0 to 2.5 WHSV (hr ) bemg a convenient operating value. The ratio

of aromatic feed to olefin will depend on the aromatic content of the feed,
principally the benzene content which is to be converted to alkylaromatics and
the utilization of the aromatics and olefins under the reaction conditions actually
used. Normally, the aromatics:olefin ratio will be from about 0.5:1 to 5:1 by
weight and in most cases from 1:1 to 2:1 by weight. No added hydrogen is

required.



exanple, 200 to 325 C (approximately 400 to 620 OF).

[ 0052] Space velocity on the olefin feed will normally
wheoobootn®d. 5 to 5.0 WHSV (hr 1) and in npost caReBU$2006007171
0.75 to 3.0 WHSV (hr 1) wit?i a value in the range of

1.0 to 2.5 WHSV (hr 1) being a conveni ent operating
value. The ratio of aromatic feed to olefin wll

depend on the aromatic content of the feed,

principally the benzene content which is to be

CloAIMiSt ed to al kyl aromatics and the utilization of the
aromatics and ol efins under the reaction conditions
actually used. Nornmally, the aromatics: olefin ratio
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lj} %iqft@a Boadapes 1nCIucing S emsrarg?mz%gdeq%gh%ld dapicaromatic

t@?c; eSichrh . iichn fn%guﬁﬁg na i) ag B?]‘H“{?I Pi""&lﬁ? process

gc feed stream i ncl udi ng SI ngl e ri ng aromatic
conpounps,.mhich process conprises: extracting |ight
ol extrandinigrightdilefineinojuding etiydems mnj/pmpgllérreofmmn olefinic gas
| efinic gas styream conprisipg ethylene and propyl ene
ngyam %%IBP%FIF‘&P" Hege angk propese by éﬁﬁomﬁdp qa stream of light

a'i’éﬁ%ﬁ{? ﬁ&ﬁ?&%ﬂﬁl ﬁ:ﬂrbt %Qﬁ%gﬁ%e al kyl ating the

r cam &tracted ol efins
ik9lateg 1he eIrBﬁlaﬁbé PR MOY o vhith Bk Qﬁ?a&éd Bletis cﬁssolved in
rml ecul ar sieve al kylation catalyst in a |iquid phase
theatreamnoveroa ffiredh edyaf al soiul bwlédular siengallpylatdor tcatalyst in a
co ai_ni ng akyl aronmati cs. A nmet hgod according_ to
rRBAsE regafien, ¢ eoxmo ﬁagawlm@e ofinge 58S PERGUsE scantaining
a?(ﬁa%ﬁ%gs 3. A process according to claim11 in which
m xed 'light olefin feed stream

2. A method according to claim 1 in which the aromatic feed stream

comprises a reformate.

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

comprises C, to C,4 olefins.

4. A process according to claim 1 in which molecular sieve alkylation catalyst

comprises a zeolite of the MMW family.

5. A process according to claim 1 in which the zeolite of the MCM-22 family
comprises MCM-22.

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 at a temperature
from 150 to 250°C.



conprises Cto &4 olefins. 4. A process according to
claim1 in which nol ecul ar sieve al kyl ati on cat al yst
w@eopniees a zeolite of the MWV famly. 5. A ppODESH06/007171
according to claim1 in whi28h the zeolite of the

MCM 22 fam |y conprises MCM 22. 6. A nethod according
toclaim5, in which the olefinic feed streamis

reacted with the aromatic feed streamin the presence

of the catalyst at a tenperature from 150 to 250 C 7.

01C¢l aim 6, .1 i gh.the. ol efinic
Teod SRMETARISHEE L3R brin et M{%aqﬁ?@npefsad Strprs roacted
With the aB5Rag0 Medkuth RAHR! ¥ GE of
150 to 200 C. (.a /§\ nmet hod ac %‘?ér?g to %t:ég{sga?afeﬂ{ﬂerature
fmndi$0ith0r Grnat i ¢ f eed stream is a reformate stream
whi ch contains from5 to 60 wei ght percent benzene. 9.
A net hod according to claim8 in whi ch the arorrati c

f ee ' f ght rc

2o ThORT £981 0683y COZE i iR OBbaRT ol ppeam s o
refienpkeétrdting WIREH cohfafR FrbH 3 &96(5 %%m:@ éé@g 8@%&% Ic

feed streamat a pressure not nore t 5

11. A net hod for produci ng a gasol i ne boiling range

roduct fr xedI| ht olefin feed stream

rpnc%u P?ﬁﬂr magﬂw whishathg azomptiaifecdstoerm icontains

r [ single ring aromati c conpounds
ffcﬁ‘@?ﬁ% 3 gglrcg(z?lgﬁs{ %ﬁﬁ% bcess conprises: extracting
i ght ol efl ns including ethylene and propyl ene from
of f-gases froma fluid catalytic cracking unit by

lpasﬁ mythdbacdoedling tberdains 1 | Aawhich thewitRnicufesd Stream is reacted
ntact Wlth‘l{%qi aromatic feed streamat a tenperature
hs-argmaticy fead sropmat agessupe pekmoee then 3,000

7,500 kPag to dissolve olefins in the liquid aromatic

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

extracting light olefins including ethylene and propylene from off-gases from
a fluid catalytic cracking unit by passing the olefin feed stream in countercurrent
contact with the aromatic feed stream at a temperature not greater than 120°C
and a pressure not less than 7,500 kPag to dissolve olefins in the liquid aromatic
feed stream,

passing the liquid aromatic feed stream containing dissolved, extracted
olefins to an alkylation step in which the aromatics in the stream are alkylated
with the extracted olefins dissolved in the stream over a fixed bed of a solid
molecular sieve alkylation catalyst in a liquid phase reaction at a temperature in
the range of 120 to 250° C and a pressure not more than 7,500 kPag, to form a

gasoline boiling range product containing akylaromatics.



feed stream passing the liquid aromatic feed stream
contai ni ng di ssol ved, extracted olefins to an
w@bkdoghatopon step in which the aromatics in thePGL/U8ENG/007171
are al kylated with the extrcted ol efins dissolved in

the streamover a fixed bed of a solid nolecul ar sieve

al kyl ation catalyst in a |iquid phase reaction at a
tenperature in the range of 120 to 250 C and a

pressure not nore than 7,500 kPag, to forma gasoline

oi 4 roduct cqntaining a aromati cs. 12. £
et b dRe D80 BBl bo AR Y A RAISH e EpaSBig fiifing range
eihd I : i dd ith the
B g e e e B G P 200 0 Vo' i m
11 in which the nol ecul ar sieve catal yst conprises a

zeolite of the MMWfam |y 14, A method according to
181 ai'mmethpd qgeordingnhto glagm & s which theavmelasulgr sieve catalyst

' X thod according to claim1l in
C%ﬁ?‘?@?ge?%‘?e%éﬁ@lﬁ&@’ Eag?lé%m conprises a reformate
stream which contains from5 to 60 wei ght percent
benzene. 16. A nmethod according.to claim 15 in which
whe Aantathod acéedihg to emimcithimiviscl thenzedfité of 4Be WEWON family
percent bhenzene. 17. A nethod according to claim1, in
WW%M%M'@Q-ni c feed streamis reacted with the
aromatic feed streamat a pressure not nore than 3, 000
kPag.

15. A method according to claim 1 in which the aromatic feed stream

comprises a reformate stream which contains from 5 to 60 weight percent

benzene.

16. A method according to claim 15 in which the aromatic feed stream contains

from 25 to 40 weight percent benzene.

17. A method according to claim 1, in which the olefinic feed stream is reacted

with the aromatic feed stream at a pressure not more than 3,000 kPag.



