-1- PROCESS FOR THE ALKYLATI ON OF BENZENE- RI CH REFORVATE USI NG MCM 49
Cenerally, the present invention relates to a process for the production of
a more enyjronnentally suitable 5 gasol ine by renoving a_substanti al
portion olY¥HZ8 e in gasoline by alkylation of reformate. 5137
particularly, the invention relates to a nethod to i nprove the conversion
of benzene relative to other aromatics irilgasoline feedstreans by carrying
out the al kyl ation process using a 10 light olefin feed at | ow
tenperature over |arge pore zeolite catalyst, MCM49. The present invention
relates to a process for aIRﬁpsﬁﬁﬁgFQRbﬁﬁgeﬁéﬂﬂéﬁﬁéﬂﬂ @F f eedstream said
process conprising: 15 NEQRireat REGoRMAGTE eedNe erm-yd h a hydrocarbon
strean1conpr|5|ng err ese ri sing
an active form of® 9ﬁ¥%é£¥c E%FOB§3§?9§tgPVFﬂglﬁﬂwFﬁga%ﬁﬁekaafFﬁgf

reacti on confioti the pbedebylan eff aumoresenvironneptaddyesudidiatdieni ng an
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the presence qof a catalyst conprising an active form of synthetic porous

crystal | i ne REMPEB2EREe eﬁéﬁigﬁetal SF| BXORBLALE 3RS % ng
t enper at ur esfteédstbpans] byt eazrfiny’ bGt theShakyiationdiprocess using a

662[en¥&we5fgaﬁ§ 8£e%§g %gegogg &%w(%gmbgrggﬁhyﬁ%gk f%rge pore
zeolite catalyst, MCM-~49.

The present invention relates to a process for
alkylating a benzene-containing feedstream, said process
comprising:

i5 contacting said feedstream with a hydrocarbon stream
comprising C,~C, olefins in the presence of a catalyst
comprising an active form of synthetic porous crystalline
MCM-49 under sufficient reaction conditions whereby an
effluent stream is produced containing an alkylated benzene
- 20 product.

Alternatively, there is provided a process for
alkylating a reformate feedstrean containing'benzene,
toluene, xylenes, and ethylbenzene, said process
comprising:

25 1) contacting said reformate feedstream with a
hydrocarbon stream comprising C,~C, olefins in the presence
of a catalyst comprising an active form of synthetic porous
crystalline MCM-49 under benzene alkylation conditions
comprising temperatures of 220°C to 350°C, (428°F to

30 662°F), pressures of 450 to 7000 kPa (50 to 1000 psig), a
benzene to olefin molar ratio of 0.1 to 0.9, and an
aromatics to oclefin molar ratio of 0.1 to 10, whereby an
effluent stream is produced having a benzene content at
least 50 wt% less than that of said feedstream, an octane

35 rating no less than that of said feedstream, and a total
liquid product greater than that of said feedstream; and



benzene to olefin nolar ratio of 0.1 to 0.9, and an aromatics to olefin
nolar ratio of 0.1 to 10, whereby an effluent streamis produced having a
benzene content at |least 50 wt% | ess than that of said feedstream an

oct ane ORI ng no | ess than that of said feedstream aFf/HSYHRIT | i quid
product greater than that of said feedstream and -2- 2) collecting the
gasoline boiling range fraction of said ef2d uent stream The coll ected
gasoline boiling range fraction may then be bl ended with a non-reformate
gasoline boiling range fraction to provide a gasoline boiling range 5
product containing no greater than 1 wt % benzene. Anot her enbodi nent of the
present invention relates to a Eéocess fqQr reduyci,ng benzene_content in a

benzene- cont ai nity FOteFEARE FBRoPRSCL 1S PoMiT FANERi TASEI SR e hunber
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observed foraapkgtassofion§ raducling deyzered @orttentwi ith £enzeneyl ene over
MM 49 in accghzffieny El14N2aR6eS $¥rd MY (flka while enhancing octane
number (RON) by at least 0.5 which comprises
10 1) contacting said feed with a hydrocarbon stream
comprising C,-C; olefins in the presence of a catalyst
comprising an active form of synthetic porous crystalline
MCM-49 under benzene alkylation conditions including a
temperature ranging from 215°C to 300°C; and
15 2) collecting the gasoline boiling range fraction of
said feedstream.

Figure 1 depicts % conversion for benzene, toluene,
ethylbenzene/xylenes, and C9 aromatics (excluding cumene)
cbserved for alkylation of a full range reformate with

20 propylene over MCM-49 in accordance with the present
invention.

Figure 2 depicts changes in reformate octane numbers
(Delta RON and MON) after alkylation of a full range
reformate with propylene over MCM-49 in accordance with the

28 present invention.

Reformates are suited to use for gasoline blending
owing to their high octane number attributable to their
high aromatics content. However, high concentrations of
benzene in reformate, e.g., 4 to 6 wt%, can limit reformate

30 utility as a blending component where environmental
considerations require low benzene levels in gasoline
product {(no greater than 1 vol%). Various efforts to
reduce benzene content in reformate, e.g., selective
hydrogenation, high temperature fluid-bed MBR, and

35 reformate alkylation with methanol all suffer from octane
losses or total liquid product losses associated with



Figure 2 depicts changes in reformate octane nunbers (Delta RON and MON)
after alkylation of a full range reformats with propyl ene over MCM 49 in
accordance with the 25 present invention. Reformates are suited to use
for gasol i WO ng owing to their high octane nunber att FCIHSAHH3T 0
their high aromatics content. However, high concentrations of benzene in
reformate, e.g., 4to 6 wt% can |imt refgdmate 30: utility as a bl ending
conponent where environnental considerations require | ow benzene |evels in
gasol i ne product (no greater than 1 vol% . Various efforts to reduce
benzene content in reformate, e.g., selective hydrogenation, high
tenperature fluid-bed MBR, and 35 reformate al kyl ati on with nethanol al
suf fer from oBhdreiredseragking: oif CSdunemmagwmatiassses associated with
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Examples'of suitable alkylating agents for use in the
10 present invention are olefins such as ethylene, propylene,
the butenes, and the pentenes. Mixtures of light olefins
are especially useful as alkylating agents in the
alkylation process of this invention. Accordingly,
mixtures of ethylene, propylene, butenes, and/or pentenes
15 which are major constituents of a variety of refinery
streams, e.g., fuel gas, gas plant off-gas containing
ethylene, propylene, etc., naphtha cracker off-gas
containing light olefins, refinery FCC propane/propylene
streams, and FCC off-gas, etc., are useful alkylating
20 agents herein. For example, a typical FCC light olefin
stream possesses the following composition:

Ht.% Mole %
Ethane 3.3 5.1
Ethylene 0.7 1.2

25 Propane 14.5 15.3
Propylene 42.5 46.8
Isobutane 12.9 10.3
n~-Butane 3.3 2.6
Butenes 22.1 18.32

30 Pentanes 0.7 0.4

The term “aromatic" in reference to the alkylatable
compounds which are useful herein is to be understoocd in
accordance with its art-recognized scope which includes

35 alkyl substituted and unsubstituted mono- and polynuclear
compounds. Compounds of an aromatic character which
possess a hetero atom are also useful provided they do not



al kyl ati on process of this invention. Accordingly, m xtures of ethylene, ’
propyl ene, butenes, and/or pentenes 15 whi ch are maj or constituents of a
variety of refinery streanms, e.g., fuel gas, gas plant off-gas containing

et hyl eWe,96/3781py| ene, etc., naphtha cracker off-gas contacthvigses/isigiht ol ef )
ins, refinery FCC propane/ propyl ene streans, and FCC off-gas,, etc., are
useful al kylating 20 agents herein. _gor exanple a typical FCC |ight

ol ef in stream possesses the follow ng conposition: Ethane

3.3 5.1 Ethylene 0.7 1.2 25 Propane :
14.5 15. 3 Propyl ene 42.5 46. 8 | sobut ane 12.9
10. 3 n-But ane 3.3 2.6 Butenes 22. 1 18. 32

30 Pent ag§sas catalyst peisons undert thec remachionr awoxditions ref erence to

the al kyl ggglakgegmpounds which are useful herein is to be understood in
accordance with its art-recogni zed scope which includes 35 aIkyI

substituted an§ubsdituted Arematis compownds,whish cashheur dkylahasbunds of
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sel ec gﬂ‘ﬁ?filt t%%%%@%mns er tr}’&é“i%%]é?’hn I%:-gnfmst
possess asubs&slttu@ed Ridho gave aimmalie edkyl, aryl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other ‘groups which do
not interfere with the alkylation reaction.

Suitable aromatic hydrocarbons 1nc1ude benzene,

10 ‘naphthalene, anthracene, naphthacene, perylene, coronene, '
and phenanthrene. -

Generally the alkyl groups whxch can be present as
substituents on the. aromatic compound contain from 1 to
about 22 carbon atoms and usually from about 1 to 8 carbon

15 ‘atoms, and most'usually=from-about'1~to_4_carbon atoms.

Suitable alkyl substituted aromatic compounds include
toluene, xylene, isopropylbenzene, normal propyibenzene,
alpha-methylnaphthalene,.ethylbenzene,,cuhene, mesitylene,
durene, pécymene,:butylbenzene,,pseudocumene, o=

20 ‘diethylbenzene, médiethylbenzene,_pfdiethylbenzene,
isoemylbenzene,'isohexylbenzene,-pentaethYlbenzene,
pentamethylbenzene; 1,2,3,4~ tetraethylbenzene: 1,2,3,5~
tetramethylbenzene; 1,2,4-triethylbenzene; 1,2,3-
trimethylbenzene, m-butyltoluene; p-butyltoluene; 3,5-

25 diethyltoluene; o-ethyltoluene; p-ethyltoluene; m-

.~ propyltoluene; 4—ethylfmfxylene: dimethylnaphthalenes;
ethylnaphthalene; 2,3—dimethy1anthracene: 9= '
ethylanthracene; 2-methylanthracene; o-methylanthracene;
9,10-dimethylphenanthrene; and 3-methyl-phenanthrene.

30 ‘Higher molecular welght alkylaromatic hydrocarbons can also
be used as startlng mater;als and :include aromatic
hydrocarbons such as are produced by the alkylation of
aromatic hydrocarbons with olefin oligomers. - Such product
is frequently'referred-to'in“the art as alkylate and can

35 include hexylbenzene, nonylbenzene, dodecylbenzene,



5 bonded to the aromatic nucleus. The aromatic rings can be substituted
with one or nore al kyl, aryl, alkaryl, alkoxy, aryloxy, cycloal kyl, halide,

and/ or ot he which do not interfere with the alkyl ati L on.
o e, | Ay

Sui tabl e ar dr ocar bons include benzene, 10 napht hal'ene

ant hracene, napht hacene, peryl ene, coronene, and phenanthrene. Cenerally
the al kyl groups which can be present as suUBXtituents on the aromatic
conmpound contain from1 to about 22 carbon atons and usually from about 1
to 8 carbon 15 atons, and nost usually fromabout 1 to 4 carbon atons.
Sui tabl e al kyl substituted aromatic conpounds include tol uene, xylene,

ety benzene.  BEnERdeChipBhaRke; R e STUINL THEN IR NGHE, 0.
pseudocunene, @odecyltglueng|bpentadeaytgilaens h@tne,. p- dlethyibenzene,
i soanyl benzene, i Soﬁéfﬁkhﬁ’&ée%ntﬁﬁ?xtﬁﬁt RaHEANS1 RREATRI{RE Ranzene;

1,2,3,4- tetraethyl benzene; - tétranet hyl benzene;
1,2, 4-tri et hyl BERZERE E°§“§netFPﬁ€FﬁyFB' °Qﬁ§iﬁﬁﬁﬁ§ﬂﬂnﬁﬂ?tlcnlarly
p- but yl tolsienensdfal Zeed dott e @lkyatidreipiddadsi ke thisctimpdmtiiome;
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starting material s and | ncl argmat 1 ¢ hydrocarbons such as aretproduced

by the al kyl at FBRISf r&ﬁemt@%y&%rqﬂwqmwrbmw HFpAramatics Qr
product isofregdeyalkylardmatdds0 whidhard toxih rid Ay ko el 13p

i nclude hexyl be?ﬁ%ﬁ%ta%‘ley lt?x nz%eﬁze%()eqec benzreensént invention
selectively converts benzene to alkylbenzene while
maintaining relatively low alkylarpmatics or
polyalkylaromatics conversion. Reaction products present

15 in the product which may be obtained from the process of
the invention include ethylbenzene from the reaction of
benzene with ethylene, cumene from the reaction of benzene
with propylene, ethyltoluene from the reaction of toluene
with ethylene, and cymenes from the reaction of toluene

20 with propylene.

The crystalline material MCM~49 for use as catalyst
component "in this invention may have a composition
involving the molar relationship:

2 3 (n)YO

25 wherein X is a trivalent element, such as aluminum, boron,
iron, and/or gallium, preferably aluminum; Y is a
tetravalent element such as silicon, titanium, and/or
germanium, preferably silicon; and n is less than 35, e.g.,
from 2 to less than 35, usually from 10 to less than 35,

30 more usually from 15 to 31. In the as~-synthesized form, the
material may have a formula, on an anhydrous basis and in
terms of moles of oxides per n moles of YO,, as follows:

{0.1~0, G)M 0:(1-4)R: X2 .nY02
wherein M is an alkali or alkaline earth metal, and R is

35 an organic moiety. The M and R components are associated

with the material as a result of their presence during



-5- pent adecyl benzene, hexyl tol uene, nonyltol uene, dodecyltol uene, _ :
pent adecyt ol uene, etc. Reformate containing substantial quantities of

" benzene, toluene and/or xylene constitutes a particularly 5 useful feed

f or WOH6/1388y | at i on process of this invention. Such retwwses/sisi ncl ude |ight
reformate (C5 to 121[err]C (250[err]F)) or full range reformats (C5 to
232[.err] C (450[err]F)). The present.g.nvention is especially useful in
treating full range reformates which can contain nono al kyl aromatics or- 10
pol yal kyl aromati cs which are ordinarily nore readily al kyl atabl e than
benzene. The present invention selectively converts benzene to al kyl benzene
while maintaining relatively |ow al kyl aromatics or pol yal kyl aromatics .
convercrystaméézatdnnprandcaxepeasaﬂy ¥emovied tbepmmnﬂuct whi ch may be
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reaction~o enzen | ene, “cumené ronl of -benzene with
pr opy| 8ascribggdit ol uene fronlthe reaction of- toluene with ethyl ene, and

et il r°"°“49“‘“‘?éw*é‘wa Y ?ﬁ“‘ﬁ“‘%"en@t"‘h"nr oy have a
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and/ or
8SZ-25 having similar X-ray diffract;on patterns. To the

extent desired, the original sodium cations of the as-

10 synthesized material can be replaced in accordance with l
techniques well known in the art, at least in part, by ion
exchange with other cations. Preferred replacing cations
include metal ions, hydrdgen ions, hydrogen precursor,
e.g., ammonium, ions, and mixtures thereof. Particularly

15  preferred cations are those which tailor the catalytic
activity for certainﬁhYdrocarbon conversion reaétions.
These include hydrogen, rare earth metals, and metals of
Groups IIA, IIIA, IVA, IB; IIB, IIIB, IVB and VIII of the
Periodic Table of the Elements. .

20 The catalyst described here;n can also be. used in =
intimate combination with a hydrogenating component such as
tungsten, vanadium, molybdenum, rhenium, nickel, cobalt,
chromium, manganese, or a noble metal such as platinum or
palladium where a hydrogenation-dehydrogenation function is

25 to be performed. Such component can be. introduced in the
catalyst composition by way of co-crystallization,
exchanged into the composition to the extent a Group IIIA
element, e.g., aluminum, is in the structure, iﬁprggnated
therein or intimately physically admixed therewith. Such

30 component can be impregnated in, or on, the zeolite such
‘as, for example, by, in the case of platinum, treating_the
zeolite with a solution containing a platinum metal-
containing ion. Thus, suitable platinum compounds for this
purpose include chloroplatlnzczacld,_platlpum_halides, and

35 various compounds containing the platinum ammine complex.
The presence of a hydrogenation component in the catalyst



germani um preferably silicoh; and nis less than 35, e.g., from2 to |less
than 35, usually from 10 to I ess than 35, 30 nore usually from1l5 to 31.

It the agg i zed form the nmaterial nay have a fornmul
anhydrou?wééaéﬂﬁénd in ternms of noles of oxides per n nDIe§C8@£F§£?T7as
follows: [err] wherein Mis an alkali or alkaline earth netal, and Ris 35
an organic noiety. The Mand R conponents/-are associ at ed mnth the materi al
as a result of their presence during -6- crystallization, and are easily

removed by post- crystallization methods hereinafter nore particularly
described. MCM49 is thermally stable and in the calcined form2 5

exhi bi 1S i 9BaRUEkaq9.1308a (WA A0 Tdidedilond unusual |y

| ar ge sorptlon capaci Fevi ot ri'bed materials
such as cal ci ned ﬁsnlstﬁnMCSSZBZSqﬁnﬁQk?kiynﬂnult$4mﬁFQiﬁfh!ﬁ!QQEP and

patterns. Toahﬂéni’&he%ﬂ%s' cRh Hé"‘iaéi{éﬁdlad J%ﬁ@dﬁ@éi@ééé’% Yndtigers- 10

synt hesi zed naterlal can be replace I n accor ce with technlques wel |

known i n t hefQFR by thezmal freatment. ;| Fhis hitreamant & i ons.
Preferresl regeneiraglyaiperformed wie rfatailng Wite dwe&}w forms 4ty ogen
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hydr ocar bon aodvganemahleamtorlmnﬁxesmamdmdmm;ﬁ-r oddrile are earth
metals, and gghakhoRbheric pressure can be employed for the thermal
treatment, atmospheric pressure is preferred simply for
10 reasons of convenience. The thermal treatment can be
performed at a temperature of up to about 925°C.

Prior to its use in a catalytic process, the zeolite
MCM~49 crystals may be dehydrated, at least partially.

This can be done by heating the crystals to a temperature

15 in the range of from about 200°C to about 595°C in an
atmosphere such as air, nitrogen, etc., and at atmospheric,
subatmospheric or superatmospheric pressures for between
about 30 minutes to about 48 hours. Dehydration can also
be performed at room temperature merely by placing the

20 crystalline material in a vacuum, but a longer time is
required to obtain a sufficient amount of dehydration.

It may be desired to incorporate the MCM-49 with
another material resistant to the temperatures and other
conditions employed in organic conversion processes. Such

25 materials include active and inactive materials and
synthetic or naturally occurring zeolites as well as
inorganic materials such as clays, silica, silica-alumina,
and/or metal oxides such as alumina, Tio,, or Zr0,. The
latter may be either naturally occurring or in the form of

30 gelatinous precipitates or gels including mixtures of
silica and metal oxides. Use of a material in conjunction
with the new crystal, i.e., combined therewith or present
during synthesis of the new crystal, which is active, tends
to change the conversion and/or se;ectivity of the catalyst

35 in certain organic conversion progesses. Inactive
materials suitably serve as diluents to control the amount



Goups IIA IIIA VA IB IIB, IIIB VB and VIII of the Periodic Table of ’
the Elenments. 20 The catal yst described herein can al so be used in
inti mate conbination with a hydrogenati ng conponent such as tungsten,
vanadi Wo9emrBbdenum rhenium nickel, cobalt; chrom umporsMase, Or a

" noble nmetal such as platinumor palladiumwhere a

hydr ogenat i on- dehydr ogenati on functi on_gs 25 to be perforned. Such
conponent can .be introduced in the catalyst conposition by way of
co-crystallization, exchanged into the conposition to the extent a G oup
[11A element, e.g., alumnum is in the structure, inpregnated therein or
intimately physically adm xed therewith. Such 30 conponent can be
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_pressure Ccgpovfa€®! exes1{et hB¢ih§e§BBA crush strength because in

10 commercial use it is desirable to prevent the catalyst from '
breaking down into powder-like materials. These clay
and/or oxide blnders have been employed normally only for
the purpose of 1mprov1ng the crush strength of the
catalyst. :

15 Naturally occurring elays'which'can be composited with
the new crystal include the montmorillonite and kaolin
family, which families include the subbentonites, and the
kaolins commonly known as Dixie, McNamee, Georgia and
Florida clajs or others in which the main mineral

20 constituent is halloysite, kaclinite, dickite, nacrite, or
anauxite. Such clays can be used in the raw state as
originally mined or initiallnyubjected to calcination,
acid treatment or chemical modification. Binders useful
for compositing with the present crystal also include

25 inorganic oxides, notably alumlna, as well as titania or
zirconia. ' :

In addition to the foregoing materials, "MCM~-49 can be
composited with a porous matrix material such as silica-
alumina, siiica-magneSia, silica-zirconia, silica-thoria,

30 silica-beryllia, silica-titania as well as ternary
eompositions such as silica-alumina-thoria, silica-alumina-
zirconia s111ca-alum1na—magne51a and 5111ca-magnes1a-
zirconia.

The relatlve proportlons of finely dividead crystalllne

35 mater1a1 and 1norganic oxide matrix vary widely, with the '
crystal content rang;ng from 1 to 90 percent by weight and



treatnment, atnospheric pressure is preferred sinply for 10 reasons of
conveni ence. The thermal treatnent can be perforned at a tenperature of up
to about 925[err]C Prior to its use in a catalytic process, the zeolite
MCM 49 cWRPE1781hmy be dehydrated, at |east partially. Thi BCWHMSIS1one by
heating the crystals to a tenperature 15 in the range of from about
200[err]C to about 595[err]C in an atnospyere such as air, nitrogen, etc.,
and at atnospheric, subatnospheric or superatnospheric pressures for

bet ween about 30 mi nutes to about 48 hours. Dehydration can-al so be
performed at roomtenperature merely by placing the 20 crystalline
material in a vacuum but a longer tinme is required to obtain a sufficient

amount of deers asuallys particulaxly cihen the CFERPOSitends \ENPRITRAL h
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controbgthe AEWINty 46; 4,522,929; and 4,429,176 describe conditions for
the steam stabilization of zeolite catalysts which can be
utilized to steam-stabilize alumina-bound HMCM-49. The
steam stabilization conditions include contacting the
alumina bound HMCM-49 with, e.g., 5-~100% steam at a

i5 temperature of at least about 300°C (e.g., 300-650°C} for
at least one hour (e.g., 1-200 hours) at a pressure of 101~
2,500 kPa. In a more particular embodiment, the catalyst
can be made to undergo steaming with 75-100% steam at 315°-
500°C and atmospheric pressure for 2«25 hours. In

20 accordance with the steam stabilization treatment described
in the above-mentioned patents, the steaming of the
catalyst can take place under conditions sufficient to
initially increase the Alpha Value of the catalyst, the
significance of which is discussed infra, and produce a

25 steamed catalyst having a peak Alpha Value. If desired,
steaming can be continued to subseguently reduce the Alpha
Value from the peak Alpha Value to an Alpha Value which is
substantially the same as or less than the Alpha Value of
the unsteamed catalyst.

30 The alkylation process of this invention is conducted
such that the organic reactants, i.e., the alkylatable
aromatic compound and the alkylating agent, are brought
into contact with the zeolite MCM-49 catalyst composition
in a suitable reaction zone such as, for example, in a flow

35 reactor containing a fixed bed of the catalyst composition,
under effective alkylation conditions. Such conditions



-8- of conversion in a given process so that products can be obtained
econom cally and orderly w thout enploying other neans for controlling the
rate of reaction. These naterials may be incorporated into naturally
occurriV@9¢1781¢| ays, e.g., bentonite and kaolin, to i NpPrecEUSISASI3TUSH
strength of the catal yst under commercial operating conditions. Said
~materials, i.e., clays, oxides, etc., fygection as binders for the catalyst.
It is desirable to provide a catal yst having good crush strength because in
10 conmercial use it is desirable to prevent the catal yst from breaking
down into powder-like materials. These clay and/or oxide binders have been
enpl oyed nornally only for the purpose of inproving the crush strength of

t he catal ybeclude a tempexatuxel pfofrom NG &oapoONRi candapreserebdysit ed

with the nedeGéystsbd. cnahadssbhe m&h@ﬂ&hhb@.&bhegaﬂérmq&' Rak@ll piacehi ch

fam lies include the subgent ns _comrbnly known.as

and I
Dixie, MNheRreesUFesao grPPo?Pd§°cF§y§°8rk@?héps |ﬁ°WﬁP@h the main
m ner al 20atmospheres¢nandSpbeEbapbuyefrbnohlmbtes ditmospherescr i The or

anauxigd e. n oLl g ed or
initia Iy kY ec?sgxéogé ??gﬁhga%? reatne#@oaid E 5@2&5&t§h@
nnd|f|catleaenB|ﬁaarbeu§§pulOﬁérlc&np§9hﬂ|ngdwpmwfewabéwesentberfgpul al so

i ncl ude 25o sbm%gaabsuexsdas mfaa*elwnah.%msﬁmam deotplliishaa a or
zi rconi a. géfﬁﬁltlon to gO|n naterlals 49 can _he conposited

with a porH %ngan£F§F|gPI§ space, v Y5 (WHSY) n@fnesi a,
silica- Z|rbetweenSOL1Chrfﬁoahd,53@ hrST iahd paefieiriabl ys ifirioma-ot.ist &t

wel | o tet3a5¥o hr-t. The latter WHSV is based upon the total . "'
weight of active catalyst (and binder if present).
The reactants can be in either the vapor phase er the
liquid phase and can be neat, i.e., free from intentiohal
_ admixture or dilution with other material,:er'they can be

15 brought into contact with the zeolite catalyst cemposition

with the aid of carrier gases or diluents such as, for
- example, hydrogen or nitrogen. _ _

The alkylation process described herein can be carried
out as a batch-type, semi-continuous or continuous

20 operation'utilizing-a-fixed'orumoving.bed,catalyst systemn.
A particular embodiment entails use of a catalyst zone
wherein the-hydrocarbon,charge is passed concurrently or
countercurrently through a moving bed of particle-form
catalyst. The latter, after use, is conducted to a

25 regeneration zone where coke is burned from the catalyst in
an oxygen-contaxnlng -atmosphere (such as air) at elevated
temperature, after which the regenerated catalyst is
recycled to the conversion zone for further_eontact with
the organic reactants.

30 When benzene is alkylated with ethylene to produce
ethylbenzene, the alkylation reaqt;pn.may be carried out in
the liquid phase. - Suitable liquid phase conditions can be
selected by reference to the phase diagram for benzene. 1In
the liquid phase, the reaction is carried out with the

35 benzene feedstock in the liquid phase with the reaction
conditions (temperature, pressure)- approprlate to this end



conpositions such as silica-alumna-thoria, silica-alumna- zirconia
silica-alum na-magnesi a and silica-magnesia- zirconia. The relative
proportions of finely divided crystalline 35 mat eri al and inorgani c oxide
matri x vMOO6[788 y, with the crystal content rangi ng fromPCIGSISBS32r cent
by wei ght and -9- nore usually, particularly when the conposite is
prepared in the formof beads, in the range of 2 to 80 wei ght percent of
the conposite. The stability of zeolite MCM49 may be increased by 5

conbi ning the as-synthesized MCM49 with an al um na bi nder, converting the
al um na- bound MCM 49 to the hydrogen form (i.e., HVMCM 49) and steam ng the
al um na- bound HMCM 49 conposition under conditions sufficient to increase
the stability of Ligmichiphiags oneratinn dray Nes carpbedout ab 4, 594, 146;

4,522, 929; %%p%ﬂ%%rh@ﬂ&i@éxb%d@mﬁﬁd%f@r ide- Sésaﬁsété?l l'ization of

zeollte catal mhlc can be utilized to steanmrstabilize alun1na bound
HVCM 49. Th& e Zandh Wit R ?%Iﬁdézﬁﬁnt’é&?ﬁﬂ €he al uni na
bound HVCM zi:&-esstdt;ese Aanriry ¥HPikiqad gophasd SalkyPapiont stepohagt beeast

about 390[ eqyy] bﬂs(a% %o @%f@o[%%d% iﬁ’af s ngaiﬁd ggn@#il§eﬁglé 00

hours) at a pressure I'cu nent ,
t he cat al ysﬁw%é%é’ﬁw M@Mbem%ﬂ%ﬁ‘?@nm sheaparried

315[err]- S5QRterin Crhrddmsd e | &féﬁ”@n&oécé’ol?&;mﬂe Sgnen 20

accordance with the steam stabiliza ig tre ”%Qt escrlbed I n {he

above- nent | FREYAHINH PTIFRIEERL AN reactant species. 1In

a high pressure liquid phase operation, the temperature may

10 be from 150 to 290°C (300° to 552°F) {(benzene’s critical
temperature) with the pressure in the range of 2860 to 5620
kPa (400 to 800 psig). The space velocity may be from
about 0.1 to 10 WHSV, based on the ethylene feed, although
lower space velocities are preferred for the liquid phase

15 reaction, for example, from 0.1 to 1 WHSV with values from
0.2 to 0.5 WHSV (ethylene) being typical.

When benzene is alkylated with propylene to produce
cumene, the reaction may also take place under liquid phase
conditions including a temperature of up to 150°C, e.g.,

20 from 10°C to 125°C, a pressure of from 1 to 30 atmospheres,
and an aromatic hydrocarbon weight hourly space velocity
(WHSV) of from 5 hr T to 50 hr *.

When conducting alkylation according to the process of
this invention, various types of reagtors can be used. For

25 example, the process can be carried out in batchwise
fashion by adding the catalyst and aromatic feedstock to a
stirred autoclave, heating to reaction temperature, and
then slowly adding the olefinic or polyalkylaromatic
feedstock. A heat transfer fluid can be circulated through

30 the jacket of the autoclave, or a condenser can be
provided, to remove the heat of reaction and maintain a
constant temperature. Large scale ipdustrial processes may
employ a fixed-bed reactor operating in an upflow or
downflow mode or a moving-bed reactor operating with

35 concurrent or countercurrent catalyst and hydrocarbon
flows. These reactors may contain a single catalyst bed or




catal yst can take place under conditions sufficient to initially increase
the Al pha Value of the catalyst, the significance of which is discussed
infra, and produce a 25 st eamed catal yst having a peak Al pha Value. |If
desi r edVO96RHIPNg can be continued to subsequent!|y reducRCTHs9sAMsd1a Val ue
.fromthe peak Al pha Value to an Al pha Value which is substantially the sane
as or less than the Al pha Value of the_ypsteaned catal yst. 30 The

al kyl ati on process of this invention is conducted such that the organic
reactants, i.e., the alkylatable aromatic conpound and the al kyl ati ng
agent, are brought into contact with the zeolite MCM 49 cat al yst
conposition in a suitable reaction zone such as, for exanple, in a flow 35
react or comaitiphg heﬂSxendbudyobetbqudppaﬁyfbrc&hpoihtbmstagnder effective
al kyl ati on o] ogdiat i 0- ure of
fron10[errT§§tgi%B E§ o?%&?g%dﬁﬂh FQQEEFtagé cob&i fer?f% O[err]C
The reacti@hefinend Flpaké§de&GE asapﬂasgap§be€nair9&#2@tﬂ@n25 500 kPa

(0.2 to 25QnaaﬂEépbeba&):taadanﬁ% ai\hl baf:aq t 19£e% awramli ed The 5
nnlardgatlo of alk% ﬁtable ar to al§%y a ent can be
from @ 1: 1¥88CE8T 114 &sppg]sgti P&ﬁ\“ﬁ Feyoyg a8 uls%?'T Reaction
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VHS f 00 10
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catal yst (SAYThPAJORE; Psﬁ-F'Sséﬁ’t)e @H@%Mn??aﬁﬁrbé’r # 1’t’“ﬁ\’er t he vapor
phase or tpgactor.

10 - In a fixed-bed reactor.or.mov1ng—bed reactor, ‘
alkylation is completed in a relatively short reaction zone
following the introduction of olefin.

In order to more fully illustrate the nature of the
invention and the manner of practicing same, the following

15 examples are presented.

. EXAMPLE ] _
1.0 grams (2.0 cc, sized to 0.16 cm x 0.16 cm (1/16" x
1/16") of MCM-49 catalyst (containing 35 wti alumina binder
and having an alpha value of 910) was mixed with 10 cc of

20 20-40 mesh Vycor chips, and then charged into an isothermal
tubular reactor. The catalyst was dried at 101 kPa (1
atm.) with 50 cc/min of N, for four hours. The reactor
temperature was then adjusted to 129°C and the reactor
pressure was increased to 2170 kPa (300 psig) before a full

25 range reformate was fed into the reactor at a WHSV of 17.
The full range reformate, obtained from a CCR pilot unit
(Continuous Catalytic Reforming), contained 5.475 wt$
benzene and had a specific gravity of 0.8075, a research
octane number (R+0) of 100.62, and a motor octane number

30 (M+0) of 90.90. The N, gas was then cut off. After the
catalyst was wetted with the reformated feed, propylene was
fed into the reactor at a WHSV of 0.5. The volume of
effluent gas was measured by wet test meter. After the
system was lined out, a four hour material balance was

35 ' made, and the results showed that propylene conversion was
81.14%, benzene conversion was 8.51%, liquid yield was



i quid phase and can be neat, i.e., free fromintentional adm xture or
dilution with other material, or they can be 15 brought into contact with
t-he zeolite catal yst conposition with the aid of carrier gases or diluents
such as WO8#BXunpl e, hydrogen or nitrogen. The al kyl at i oRCHUSW&SE37
described herein can be carried out as a batch-type, sem -continuous or

" continuous 20 operation utilizing a Lhxed or noving bed catal yst system
A particul ar enbodi nent entails use of a catalyst zone wherein the

hydr ocar bon charge is passed concurrently or countercurrently through a
novi ng bed of particle-formcatalyst. The latter, after use, is conducted
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that propylene conversion was 96.63 wt%, benzene conversion
10 was 58.20 wt%, liquid yield was 113.29 wt% (112.39 volg).
Delta RON was 0, and delta MON was -0.7.
EXAMPLE 3
The alkylation process of Example 2 was continued with
all operating conditions remaining the same except that

15 propylene was fed into the reactor at a WHSV of 2.76. The
results showed that propylene conversion was 96.1 wt#,
benzene conversion was 68.5 wt%, liquid yield was 116.2 wt%
(115.17 vol%). Delta RON was 0, and delta MON was =-0.2.

EXAMPLES 4 TO 8

20 The alkylation process of Example 2 was continued with
all operating conditions remaining the same except that the
feed set out in Table III containing 4.573 wt% benzene was
used, temperature was varied from 154°C to 348°C, propylene
was fed into the reactor at a WHSV of 2.0, reformate WHSV

25 was varied from 16.6 to 17.1, propylene to benzene molar
ratio ranged from 4.8 to 4.9. The results, set out in
Table III below showed high propylene conversion (97.26 to
99.87 wt%), high benzene conversion (57.11 wt%¥ to 70.21
wt%).

30 Benzene conversion was shown to improve when
alkylation is carried out at temperatures ranging from 225
to 300°C. Figure 1 shows the % conversion for benzene,
toluene, EB/xylenes, and C9 aromatics (excluding cumene
which is the major alkylation product derived from

35 benzene). Suppressing the conversion of the existing
alkylaromatics in the feed is desirable inasmuch as they



Pressures during the liquid phase al kylation step may be as 5 hi gh as
3000 psig, (20875 kPa abs.) and generally will not exceed 1000 psig (7000
kPa). The reaction may be carried out in the absence of hydrogen and
accor di¥BP§I8& prevailing pressures are those of the rcBEVESASNSHEci es. In
a high pressure liquid phase operation, the tenperature may 10 be from
150 to 290[err]C (300[err] to 552[err]-l1)4-( benzene's critical tenperature)
with the pressure in the range of 2860 to 5620 kPa (400 to 800 psig). The
space velocity may be fromabout 0.1 to 10 WHSV, based on the ethyl ene
- feed, although Iomer space velocities are preferred for the liquid phase 15
reaction, for from 1t01V\H |ues_ fromO,2.t0 0.5 VWHSV
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35 concurrent or countercurrent catalyst and hydrocarbon fl ows. These
reactors may contain a single catalyst bed or -12- nultiple beds and nmay
be equipped for the interstage addition of olefins and |nterstagp cool i ng.

| nt er st aﬁ'@%ﬂéﬂon addition and nore nearly isothernmal ope®PSIUISEHAANCe
product quality and catalyst |ife. A noving-bed 5 react or makes possible
the continuous renoval of spent catabyst for regeneration and repl acenent
by fresh or regenerated catal ysts. The present invention may al so be
carried out using an ebullated bed reactor or slurry reactor. 10 In
a fixed-bed reactor or noving-bed reactor, alkylation is conpleted in a
rel atively short reaction zone fﬁl&ﬁﬁﬁgg the introduction of olefin. In
order to nore fully illustrate t ABlEdlfe of the invention and the manner
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then g 129{ err] C an h 21 o Pr ¢ re Was reap 2170
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Vv Ol 17.

C3-WHSV 2.00 2.00 2.00 2.00 2.00

U

Reformate WHSV 16.6 16.9 17.0 17.0 17.1
10 “ C3-/Bz molar 4.9 4.8 4.8 4.8 4.8
ratio
Total material 100.8 100.7 100.5 100.0 101.1
balance
Conversion,
15 wt.% "
3= 99.87 99.80 97.45 97.26 98.01
Benzene 57.11 59.69 70.21 65.02 56.68
Toluene 47.18 48.22 50.99 44.77 38.83
|l EB + Xylenes 30.79 30.89 28.55 24.88 20.20
20 ” C9 Ar (minus 18.26 |17.23 |14.02 |12.97 | 7.97
cumene)
Product Wt%
Distribution
Cl 0.000 0.000 0.000 0.600 0.000 | 0.000
25 C2= 0.000 0.000 0.000 | 0.000 0.000 | 0.000
c2 0.006 |0.006 |0.006 |0.006 |0.006 |o0.009
€3=/C3 0.182 0.386 0.253 0.302 0.648 1.613
1-C4 0.38} 0.367 0.373 0.503 0.709 0.705
| 3-cans1-con 0.007 0.000 0.000 0.000 0.000 0.044
30 | n-c4 0.618 0.591 0.580 | 0.616 0.601 0.598
 t-cax 0.000 0.000 0.000 0.000 0.000 0.023
c-Cé= 0.000 0.000 0.000 0,000 0.000 0.000
1-C5 1.344 1,281 1.272 1,439 1.472 1.396

“ 1-C5= 0.000 0.000 0.000 0.000 0.000 0.000




The full
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range refornmate,
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octane nu (MO of 90. 90.
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The N2 gas was then

contai ned 5.475 wt % benzene and had a specific
75, a research octane nunber (R+O of 100,

and a noto

(?G'FW?’ 51370\fter t he

catal yst was wetted with the reforheted feed, propylene was fed into the
reactor _at a WHSV of 0.5. The vol une of effluent gas was neasured by wet
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wt % (JLgg=30 vol%. Pelta ROW was 0, fnd del th MON wag -0.7. EXAVPLE 3f The
al kyl[gTT oI _process pr.exanp Z V\B.S orLITIIe{ W T all_oper atf ng_conad ti ons
r erai e nfkP/23- DM L4 Dgf‘m t R 8.73% JIN) B 2 1 he0s834- 1 at a
SV PhoiecES.  The [osudiis qhowsd thb amgopy| @nmonvez.%'ven Wpo SR 1 %
| 3-m-cs 1.805 |1.790 |1.779 |1.896 |1.852 |1.762
\ 2-M-1-C5= 0.031 |o0.013 [0.000 |0.000 |o0.000 |0.032 ¢
n-C6 2.360  |2.216 [2.174 |2.279 l2.108 |2.2 :
| ce=,z 0.125_ [0.099 |0.005 |0.000 |0.000 |o0.147
15 [ M-c-c5 0.286 10.270 lo0.252 |o0.219 |0.207 |o0.282
“C7P (others),s |3.063 |3.561 |3.465 |3.602 {3.420 |3.569 |
Bz 4.5713 | 1. 737|163 }1.215 [1.436 |1.758 |
| c-cs 0.000 |0.000 |o0.000 |o0.000 }0.000 |o.000 |
| n-c7 1.9 |0.972 |o0.939 Jo.978 lo0.952 |0.926
20 | Tal 15.100 |7.063 |6.940 |6.603 |7.485 |8.197
C8P (others),% | 1.149 1.101  |1.05 [i.083 |1.122 |1.027
Ln-cs 0.333 }o0.30s lo0.301 |o0.208 |0.206 |o0.301
n EB 3.798_ 12.775  |2.660 |2.383 |1.993 |2.461
m-, p-Xyl 13.549  [9.151 [9.171  |9.902 |10.438 |10.763
25 | o-xyl 5.606 | 2.195 |2.306 |2.405 |3.105 |3.00
lcop (others),s |o.620 lo.803 lo.s36 [o0.447 [0.412 |o0.424
l n-co 0.127  jo0.134 lo0.129 |0.117 }0.109 }0.116
Cumene 0.457 |3.743 |3.542 |3.814 |3.346 |3.185
n-C3-Bz 1571|1211 j1a8r ‘1089 o916 [1.157
30 m-, p-Et-Tol |6.872 |5.465 [s5.467 |5.842 |5.4784 |5.795
| 1.3.5-™8 2.165 _|1.808 f1.928 |1.95) |2.082 |2.008
| o-Et-To1 1.775 | 1.258 [1.239 [1.130 Jo.889 |1.130
l1.2,4-m8 7.526 | 4.858  |5.082 |5.912 |6.428 |6.415
“ i-C4-Bz/sec- | 0.349 |0.284 |0.287 |0.265 |0.163 |0.258
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benzene conversion was 68.5 wt %

Delta RON was 0, and delta MON was -0.2. EXAMPLES 4 TO 8 20

al kyl
r enai

4.573 wt % benzene was used,

ation
n|n

ﬁ%OC

ess of Exanple 2 was continued with all
78Uhe except that the feed set out in Table IPETESHIAIR| ng
tenpertetTre was varied from154[err]C to

The
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operating conditions

348[err] C, propyl ene was fed .Nto the reactor at a WSV of 2.0, reformate
VWHSV varie r ropyl en e rat
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Figure 2 depicts the effect on octane nunbers (RON, MON) for the reformate

of Exanples 4 to ﬂ"mn accordance with the present invention.
A net increase fo IH! was observed at tenperatures over
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0. 000 00
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effluent stream is produced containing an alkylated benzene
product. ' '

10 2. The process of clalm 1l whereln sald hydrocarbon
stream comprising C,-C, olef:.ns is a ref:.nery FCC
propane/propylene stream, said benzene-containing
feedstream is a reformate containing benzene, toluene and
xylenes, and said alkylated benzene product comprises

15 cumene.

3. A process for alkylating a reformate feedstream
containing benzene, toluene, xylenes, and ethylbenzene,
said process comprising:

1) contacting said reformate feedstream with a hydro-

20 carbon stream comprising C,~C; olefins in the presence of a
catalyst comprising an active form of synthetic porous |
crystalline MCM-49 under benzene alkylation conditions
whereby an effluent streah is produced having a benzene
content at least 50 wt% less than that of said feedstream,

25 an octane rating no less than that of said feedstream, and
a total liguid product greater than that of said
feedstream; and

2) collecting the gasoline boiling range fraction of
said effluent stream.

30 4. The process of claim 3 wherein said alkylation
conditions comprise at least partial liquid phase
operation, said C,-C, olefins being in gaseous phase,
comprising temperatures of 150 to 350°C, pressures of 450
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The process of claim 5 wherein said hydrocarbon

C,~C, olefins contains at least 40 wt %

propylene and said reformate feedstream is a full range
reformate (C5 to 232°C (450°F)).

15 7.

The process of claim 3 wherein said catalyst bed

comprises a fixed-bed.

8.

The process of Claim 3 wherein said synthetic

porous crystalline MCM-49 has been treated to replace

original cationms,
20

at least in part, with a cation or

mixture of cations selected from the group consisting of

hydrogen, hydrocgen precursors, rare earth metals, and
metals of Groups IIA, IIIA, IVa, IB, IIB, IIIB, IVB, VIB
and VIII of the Periodic Table.

9.
25

The process of claim 3 which further comprises
3) blending said gasoline boiling range fraction with

a non-reformate gasoline boiling range fraction to provide
a gasoline boiling range product containing no greater than
1 vol% benzene.
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$00. 000 -18- WHAT IS CLAIMED I S: 1. A process for aJﬁg#ﬁég
benzene WOA¢HIBH ng feedstream said process conprising: cohtactling said

feedstreamw th a hydrocarbon stream5 conprising [err] olefins in the
presence of a catalyst conprising an active formoef synthetic porous
crystalline MCM 49 under sufficienf eaction conditions whereby an effl uent
streamis produced containing an al’kyl ated benzene product. 10 2.
The process of claim1l wherein said hydrocarbon stream conprising C2-C5
olefins is a refinery FCC propane/ propyl ene stream said benzene-contai ni ng
feedstreamis a refornmate containing benzene, toluene and xyl enes, and said
al kyl at ed benzene product conprises 15 cunene. 3. A process for

al kyl ating a reformate feedstream containing benzene, toluene, xylenes, and
et hyl benzene, said process conprising: 1) contacting said reformate
feedstreamwi th a hydro- 20 carbon stream conprising C2-C, olefins in the

presence of a catalyst conprising an active form of synLgégic por ous
crystalline MCM 49 under benze al kyl #ion coitiogs whaneby an effl uent
streamis profluced having a benzene comptent at [l eastf{ 504t % | ess than that
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a total liquid product greater than that of said feedstream and 2)

collecting the gasoline boiling range fraction of said effluent stream 30
4, The process of claim3 wherein said alkylation conditig

i se at
[east payigggli7sioqui d phase operation, said C2-C5 ol efins B’E’r‘ﬂ%ﬁ%seous
phase, conprising tenperatures of 150 to 350[err]C, pressures of 450

-19- to 7000 kPa (50 to 1000 psig), a benzene to olefin nolar ratio of 0.1
to 0.9, an aromatics to olefin nolar ratio of 0.1 to 10, and feed WHSV of
between 0.1 [err] and 500 [err] dnfiZsaid reformate is a full range
reformate. 5 5. The process of claim3 wherein said hydrocarbon
streamconprising [err] olefins contains at |east 30 w % propyl ene and
sai d benzene al kyl ati on conditions conprise tenperature between 200 and
300[err] C, pressure between 790 and 3550 kPa (100 and 500 psig), and

wei ght hourly space 10 vel ocity between 0.5 [err] to about 100 [err] 6.
The process of claim5 wherein said hydrocarbon stream conprising [err]

ol efins contains at |east 40 wt % propyl ene and said refornate feedstream
is afull range reformate (C5 to 232[err]C (450F)). 15

Q7. The
process of claim 3 wherein said tal yst bed conprises a fﬂxeSrbed. 8.
The process of O am3 wherein s%d synthetic porgus crystglline MCM 49 has
been treated to replace original [cations, at Ieaséin part4 Wth a cation
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hydrogen precursors, rare earth netals,
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59 Tiﬂe:/PﬁOCESS FOR THE ALKYLATION OF BENZENE-RICH REFORMATE USING MCM-49

The present invention relates to a process for alkylating a reformate feedstream containing benzene, toluene, xylenes, and ethylbenzene,
said process comprising: 1) contacting said reformate feedstream with a hydrocarbon stream comprising C5-Cs olefins in the presence of a
catalyst comprising an active form of synthetic porous crystalline MCM-49 under benzene alkylation conditions whereby an effiuent stream
is produced having a benzene content at least 50 wt.% less than that of said feedstream, an octane rating no less than that of said feedstream,
and a total liquid product greater than that of said feedstream; and 2) collecting the gasoline boiling range fraction of said effiuent stream.




