ALKYLAROVATI CS PRODUCTI ON FI ELD [ 0001] The present
invention relates to a process for producing al kyl at ed
wenoeraispzl1 pr oduct s, particul arly ethyl benzene a0w/US2007/000129
cunene. BACKGROUND [ 0002] Et hyl benzene is a key raw
material in the production of styrene and is produced
by the reaction of ethylene and benzene in the
presence of an acidic alkylation or transal kyl ati on
cat al yst. Ethyl benzene production plants built before
1980 used Al 3 or BF3 as the acidic al kylation or
transal kyl ation catalyst. Plants built after 1980 have
in general used i te-based acidi AL 2 ts as the
al kyl ation and/ AROM ' AHPS [0003]
Li qui d phase ethyl ati on of benzene using a catal yst
coggrising zeolite beta is disclosed in U S. Patent
NEIELDS91 "458 and Eur opean Patent Publication Nos.
Ofopdsi4 and 19823048t iRhfod RAABS b ai grodtRS foldBRAucing alkylated
di scl 0sed that 'MCM 22 and its structural anal ogues
hapmatic iprodugts; partipielsdy gihilpensans and PR kyl at i on
reactions, for exanple, U S. Patent No. 4,992, 606
(MCM 22), U.S. Patent No. 5,258,565 (MCM 36), U.S.
PBACKGROUNIB71, 310 (MCM49), U. S. Patent No.
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PLASEIMR 2t/R tealaketion iy t he
ahj% ation/transal kyl ati on_processes, the catal yst
a
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aging causes a decrease In the catalyst's activi gﬁ for
- t RebborticorNow 04328 reant BFRS4P oMere trendy itfensrhesn shseleged that
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WQ097/17290 and W001/21562 (ITQ-2).
[0004] In the prior art alkylation/transalkylation processes, the desired
monoalkylated compound is produced along with polyalkylated impurities by
contacting an alkylatable aromatic compound and an alkylating agent in the
presence of a catalyst. During thé alkylation/transalkylation processes, the
catalyst ages due to the deposition of coke and other deleterious materials on the
catalyst. Such catalyst aging causes a decrease in the catalyst's activity for the
conversion of reactants to products. To restore a catalyst's activity, the catalyst is
often regenerated by controlled oxidation in air, or by other means. Following
regeneration, the catalyst's activity is restored to a certain degree. However, the

regenerated catalyst often has a reduced selectivity to produce the desired



pol yal kyl ated inpurities are produced. Therefore,

there is a need for inproved al kyl ati on and/ or
wonreoTgaddsyl at i on processes that increase and/ oPCTMSL000/000129

the activity and selectivity of such catalysts to

produce the desired nonoal kyl ated aromati c conpound in

a reaction zone. This invention neets this and ot her

needs. SUMVARY OF THE | NVENTI®N [ 0005] In one

enbodi nent, this invention relates to a process for

the al kylation or transal kyl ati on of an al kyl atabl e

aromatic conmpound to produce a nonoal kyl ated aromatic
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pol yal kyl at ed aromati ¢ compound(s); (d) nDn|tor|ng t he

anmount of the nDnoaIk Iated aromati ¢ conmpound or the
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as conp, ?8@2 ¥8>t he reaction zone having a water
C.g)t entsumflyimigotiic Gexqriom when wile atedwbi amez aligylatsble aromatic

operated un kyl ati on or_ transal kyl ati on
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wat er content wth an anmount of at |east one catal yst; :

(b) suppmpongdEle reaction zone with at |east one
‘ al(n!f)yI a%&)rﬁﬂ'goﬁ@taﬁ%unt of the monoalkylated aromatic compound or the

amount of the polyalkylated aromatic compound(s) in the effluent;

(e) adjusting the water content in the reaction zone to secure a desired amount
of the monalkylated aromatic compound or the polyalkylated aromatic
compound(s) in the effluent, the water content in the reaction zone being
in a range from about 1 wppm to about 900 wppm; and A

wherein the polyalkylated aromatic compound(s) produced is reduced as

compared to the reaction zone having a water content of about 0 wppm when the

reaction zone is operated under alkylation or transalkylation equivalent conditions.

[0006] In another embodiment, this invention relates to a process for

alkylation of an alkylatable aromatic compound, to produce a monoalkylated

aromatic compound, comprising the steps of:

(a) providing at least one reaction zone having a water content with an amount

of at least one catalyst;



compound and at | east one al kyl ating agent; (c)

operating the reaction zone under suitable alkylation
wonodwoasssal Kyl ati on conditions, to produce at PeaaIS2M®00129

ef fl uent which conprises a nonoal kyl ated aromatic

conmpound and pol yal kyl ated aromati c conpound(s); (d)

nmoni toring the anount of the nonoal kyl ated aronmatic

conpound or the amount of the pol yal kyl ated aromatic

conmpound(s) in the effluent; (e) adjusting the water

content in the reaction zone to secure desired anounts

of the nonoal kyl ated aromati ¢ conpound and the

pol yal kyl ated aromati c conpqund [ e .
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[0007] In yet another embodiment, this invention relates to a process for -

alkylation or transalkylation of an alkylatable aromatic compound, to produce a

monoalkylated aromatic compound, comprising the steps of:

(a) providing at least one reaction zone having a water content with at Jeast
one catalyst, the catalyst having an activity and a selectivity for the
monoalkylated aromatic compound;

(b) supplying the reaction zone with at least one alkylatable aromatic
compound and at least one alkylating agent;

(©) operating the reaction zone under suitable alkylation or transalkylation
conditions, to produce at least one effluent which comprises a
monoalkylated aromatic compound and polyalkylated aromatic
compound(s);

(d) monitoring the amount of the monoalkylated aromatic compound or the
amount of the polyalkylated aromatic compound(s) in the effluent; and

(e) controlling the water content in the reaction zone to secure a desired



(e) controlling the water content in the reaction zone

to secure a desiredconbination of the activity and the
weeb@asygity of the catal yst, the water contenPCruskive000129

reacti on zone being in a range fromabout 1 wppmto

about 900 wppm [0008] In still yet another

enbodi nent, this invention relates to an apparatus for

the production of an nonoal kyj ated aromati c conpound,

conprising: (a) a reactor having at |east one inlet,

at | east one reaction zone, and at |east one outlet,

the inlet adapted to introduce feed strean(s) into the

reacti Lt f eed .st b
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content and adapted to contain at |east one al kyl ation
or trafQMPPMation catal yst, wherein at |east one

epddoﬂfnt may, bgiipredussthephanbédimeal, kitiatingitidgerdatando an
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u -sujtable al kylation or .transal kyl ati on
cg%g ?rég%s the effluent which conprises the
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zone. [0009] I n another enbodi nent, this invention .
ol at edbq Frerengs: Abdhe BKYTASORA VI ygaﬁloé‘x?ﬁ?q?’ﬂgunder suitable

al kyl ataiu{ématﬁ{n & BRsaIYtRh QRdiHYnk, the\dfNgerd WiGas bempeses the
described in stg{g (a) "above, conprising the step

f .
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(c) a means for adjusting the water content from about 1 wppm to about 900
wppm in the reaction zone, and

whereby a desired combination of the monoalkylated aromatic compound and the

polyalkylated aromatic compound(s) may be produced in the reaction zone.

[0009] In another embodiment, this invention relates to a method for

retrofitting an existing alkylation or transalkylation unit having a reactor as

described in step (a) above, comprising the step of adapting said reactor with a

means for monitoring the amount of said monoalkylated aromatic compound or

the amount of said polyalkylated aromatic compound(s) in said effluent; a means

for adjusting said water content from about 1 wppi to about 900 wppm in said

reaction zone, and whereby a desired combination of said monoalkylated aromatic

compound and said polyalkylated aromatic compound(s) may be produced in said



reacti on zone, and whereby a desired conbi nati on of
sai d nonoal kyl ated aromati ¢ conpound and said
woabyaisiag at ed aromati ¢ conpound(s) may be pro@aTas200/000129
sai dreaction zone. [0010] These and ot her facets of
the present invention shall becone apparent fromthe
follow ng detail ed description and appended cl ai ns.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Feedst ocks [0011] The reactants used in the process of
the invention include an al kyl atabl e aromati c conpound
and an al kyl ati ng agent. As used herein an
1€a§%%9iﬁple aromatic conpound is a cpnpound,tpat may
receéive an al kyl group and an "al kyl ating agent” is a
cgogiopnd whiTbhserapd dothet dacets aff kb gresamp inwerdion shall become
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be used for the invention should possess at |east:
oﬁdkhly@blrganmug wpmppemﬂ i doemeraindghatinay resqiveian alkyl group
n $ ( t t ’
lﬂ&l.l gﬁ' alk}ﬁ%n?k%gﬁt é{% }a}l ﬂ%‘f’;ﬁﬂ@%h@& ﬁﬁg%hﬂtgrasldal%l é}oup to an
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naphthacene ryl coronene an enanth
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this invention, include tol uene, xyl ene
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0100130 hy | berSubattuted aremin sempenads ydpeh rfyﬂbebﬁz dijed for the
| SQAMKLDL ERAGIRC podst N G LR AL NEydrDER ARLMMiRENAY Pfided to the

aromatic nucleus. The aromatic rings may be substituted with one or more alkyl,

aryl, alkaryl, alkoxy, aryloxy, cycloalkyl, halide, and/or other groups which do not
interfere with the alkylation reaction.

[0014] Suitable aromatic compounds that may be used for this invention
include benzene, naphthalene, anthracene, naphthacene, pAerylene, coronene, and
phenanthrene, with benzene being preferred.

[0015] Suitable alkyl substituted aromatic compounds that may be used
for this invention include toluene, xylene, isopropylbenzene, normal
propylbenzene, alpha-methylnaphthalene, ethylbenzene, mesitylene, durene,
cymenes, butylbenzene, pseudocumene, o-diethylbenzene, m-diethylbenzene, p-
diethylbenzene, isoamylbenzene, isohexylbenzene, pentaethylbenzene,
pentamethylbenzene;  1,2,3,4-tetracthylbenzene; 1 ,2,3,5-tetramethylbenzene;
1,2,4-triethylbenzene; 1,2,3-trimethylbenzene, m-butyltoluene; p-butyltoluene;



pent anet hyl benzene; 1, 2, 3, 4-tetraet hyl benzene;
1,2,3,5-tetranmet hyl benzene; 1,2, 4-triethyl benzene;
wao 220788038l et hyl benzene, m butyl t ol uene; PCT/US2007/000129
p- but yl t ol uene; 29 3, 5-di et hyl t ol uene; o-ethyltol uene;
p-ethyl tol uene; m propyltol uene; 4-ethyl-nxylene;
di net hyl napht hal enes; et hyl napht hal ene;
2, 3-di et hyl ant hracene; 9- eghyl anthracene;
Zjnethylanthracene;'o-nethylanthracene; 9, 10-
di met hyl phenant hrene; and 3- et hyl - phenant hr ene.
H:gher nnlegular wei ght al kyl aromati c hydrocarbons may
al sqQ. he .used as starti A' ' .
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Oﬁ@a‘ S, ViZz. }tgégh@%gﬁe?g%gm@ene, t%g but enes, and

t hempeisé alkese c&inpoEki(s)l dndfty] alcahioh epmpewid(py and mixtures thereof.

monoal cohol s i.al coho (N X ‘o :
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aromatic compound. Examples of suitable alkylating agents are C,-Cy6 olefins
such as C,-Cs olefins, viz., ethylene, propylene, the butenes, and the pentenes; Cy-
C1 alkanols (inclusive of monoalcohols, dialcohols, trialcohols, etc.), preferably
C,-Cs alkanols, such as methanol, ethanol, the propanols, the butanols, and the
pentanols; C;-Cyo ethers, e.g., C,-Cs ethers including dimethylether and
diethylether; aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, and n-valeraldehyde; and alkyl halides such as methyl chloride,
ethyl chloride, the propyl chlorides, the butyl chlorides, and the pentyl chlorides,

and so forth. It is generally preferred that the alkylating agent has no greater than



di et hyl et her; al dehydes such as fornmal dehyde,

acet al dehyde, propi onal dehyde, butyral dehyde, and
wo-2valosszahi dehyde; and al kyl hal i des such as neOylus2007/000129

chloride, ethyl chloride, the propyl chlorides, the

butyl chlorides, and the pentyl chlorides, and so

forth. It is generally preferred that the al kyl ating

agent has no greater than5 caybon atons, nore

preferably no greater than 3 carbon atons. Thus the

al kyl ati ng agent may preferably be selected fromthe

group consisting of C2-C5 ol efins and Cl-C5 al kanol s.
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[0018] A.congcentrated _al kene al kylatin ent t hat

halehisk e CinC Alseioe bas S Tt SEeR YA & Trreaia e fikene

akdeamack qeg.,CpoRkictearadé dbfingasid 65 dible Ykehe tfa€dstock (e.g.,

al kene and preferably at |east 99 nol.%to 100 noL%

[ valyfic sragking&-gp%y | at i ng agent that may be useful in.

t fbR] Ocess &fcoﬁéynﬁaieavmrieoakyzaﬁhg d88ntaha Indl edhdefNEn the

feed which contains at |east one alkene and a diluent,
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compound(s) or the alkylating agent(s) which may cause deactivation of the

alkylation or transalkylation catalyst over time. Catalyst poisons which are
strongly sorbed to the alkylation or transalkylation catalyst under alkylation or
transalkylation conditions include nitrogen compounds, sulfur compounds, and
oxygen compounds of low molecular weight, preferably, no greater than 500,
preferably no greater than 300. Such catalyst poison compounds may include
ammonia, alkylamines, e.g., methylamine and n-propylamine, N-formyl
morpholine and N-methyl pyrrolidine. These catalyst poisons may make up to 100
wppm of the total feed to the process, e.g., 0.001 to 100 wppm.

[0022] In one embodiment, the feed(s) comprising the alkylatable

aromatic compound(s) and/or alkylating agent(s) may include water. The amount
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substantially free of an aqueous phase under the alkylation or transalkylatién
conditions.
[0024] In another embodiment, the water content of the reaction zone is
adjusted and/or controlled by removing water from the alkylatable aromatic
compound and/or alkylating agent that is fed to the reaction zone. For example,
the alkylatable aromatic compound and/or alkylating agent may be dried by a
molecular sieve bed before feeding to the reaction zone.
[0025] In still yet another embodiment of this invention, the amount of

catalyst required to produce a desired amount of monoalkylated aromatic



adj usted and/or controlled by renoving water fromthe

al kyl at abl e aromati ¢ conpound and/ or al kyl ati ng agent
woOhad7/os8sssied to the reaction zone. For exanpl epCtrhms2007/000129
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200 wppm of water, more preferably less than 100 wppm of water, even more

preferably less than 50 wppm of water, most preferably less than 10 wppm of
water, the activity of a porous crystalline molecular sieve catalyst or the amount of
monoalkylated aromatic compound may be controlled and maintained to a desired
range.

[0028] In still yet another embodiment of this invention, the amount of the
polyalkylated aromatic compound(s) produced in a reaction zone having a water
content of above 0 wppm is reduced as compared to the reaction zone having a
water content of about 0 wppm when the reaction zone is operated under

equivalent alkylation or transalkylation conditions. The selectivity of the catalyst



nonoal kyl ated aromati ¢ conpound may be controlled and

mai ntained to a desired range. [0028] In still yet
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to a desired range. 4
[0031] In still yet another embodiment, this invention relates to a process
for alkylation of an alkylatable aromatic compound to produce a monoalkylated
aromatic compound, comprising the steps of:

(a) providing at least one reaction zone having a water content with at least
one catalyst, the catalyst having an activity and a selectivity for the
monoalkylated aromatic compound;

(b) supplying the reaction zone with at least one alkylatable aromatic
compound and at least one alkylating agent;

(c) operating the reaction zone under suitable alkylation or transalkylation



for alkylation of an al kyl atable aromatic conpound to
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woOheo7aisess of 1 (a) providing at | east one reacPCOUSZ@ID00129
having a water content with at | east one catalyst, the
catal yst having an activity and a selectivity for the
nonoal kyl ated aromati ¢ conpound; (b) supplying the
reaction zone with at |east ¢ohe al kyl atable aromatic
conmpound and at | east one al kyl ating agent; (c)
operating the reaction zone under suitable al kylation
or transalkylationp conditions, to produce at | east
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ethyltoluene; p-ethyltoluene; m-propyltoluene; 4-ethyl-m-xylene;
dimethylnaphthalenes; ethylnaphthalene; 2,3-dimethyl,anthracene; 9-
ethylanthracene; 2-methylanthracene; o-methylanthracene; 92,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Preferably, the alkylated
aromatic product comprises monoalkylbenzene. Higher molecular weight
alkylaromatic hydrocarbons may also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such products are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene,
pentadecyltoluene, etc. Very often alkylate is obtained as a high boiling fraction in
which the alkyl group attached to the aromatic nucleus varies in size from about
Cs to about Cjs.

[0033] The feed(s) and effluents of the present process may contain
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0.1 to 10 h’', preferably, 0.2 to 2 h™', more preferably, 0.5 to 1 h!, or a WHSV

based on both alkylating agent and alkylatable aromatics for overall reactor of 10
to 100 h™, preferably, 20 to 50 h''. The alkylatable aromatic compound is
alkylated with the alkylating agent (e.g., alkene) in the presence of an alkylation
or transalkylation catalyst in a reaction zone or a plurality of reaction zones. The
reaction zone(s) are preferably located in a single reactor vessel, but may include
another reaction’ zone having an alkylation or transalkylation catalyst bed, located
in separate vessel which may be a by-passable and which may operate as a
reactive guard bed. The catalyst composition used in the reactive guard bed may

be different from the catalyst composition used in the reaction zone. The catalyst
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alkylation reaction, but is also used to remove any reactive impurities in the feeds,
such as nitrogen compounds, which could otherwise poison the remainder of the
alkylation or transalkylation catalyst. The catalyst in the reactive or unreactive
guard bed is therefore subject to more frequent regeneration and/or replacement
than the remainder of the alkylation or transalkylation catalyst, and hence the

guard bed is typically provided with a by-pass circuit so that the alkylation feed(s)



or transal kyl ati on catal yst, which may be the sanme or

different fromthe catal yst used in the reaction
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anbi ent conditions, or at suitable al kylation or

transal kyl ati on conditions. At |east a portion of

al kyl at abl e aromati ¢ conpound, and optionally at | east

a portion of the alkylating ggent, are passed through

t he unreactive or reactive guard bed prior to entry

into the reaction zone. These guard beds not only

serve to affect the desired al kyl ation reaction, but
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aromatic compound. At least a portion of these effluents may be separated to
recover the alkylated aromatic compound (monoalkylated aromatic compound
and/or polyalkylated aromatic compound).

[0041] Particular conditions for carrying out the alkylation of benzene
with ethylene at least partially in liquid phase may have a temperature of from
about 120 to 285°C, preferably, a temperature of from about 150 to 260°C, a

pressure of 689 to 4601 kPa-a (100 to 667 psia), preferably, a pressure of 1500 to



species. In one enbodi nent, the effluent fromthe

final al kylation reaction zone is subjected to a
weeperiasison step to recover pol yal kyl at ed ar omRCiTaIS2007/000129

conmpound(s). In another enbodinent, at |east a portion

of the polyal kyl ated aromati c conpound is supplied to

a transal kyl ation reactor which my be separate from

the al kyl ati on reactor. The ttsansal kyl ati on reactor
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partially in liquid phase transalkylation of polyalkylated aromatic compound(s),

e.g., polyethylbenzene(s) or polyisopropylbenzene(s), with benzene may include a
temperature of from about 100° to about 300°C, a pressure of 696 to 4137 kPa-a
(101 to 600 psia), a WHSV based on the weight of the polyalkylated aromatic
compound(s) feed to the alkylation reaction zone of from about 0.5 to about 100
hr' and a molar ratio of benzene to polyalkylated aromatic compound(s) of from
1:1 to 30:1, preferably, 1:1 to 10:1, more preferably, 1:1 to 5:1.

[0045] In another embodiment, the transalkylation reaction may take place

under vapor phase conditions. Particular conditions for carrying out the vapor phase



WHSV based on both total ethylene and total benzene,

and the total anmount of catalyst for the overal
woeeaxniospzsof 10 to 100 h 1, preferably, 20 to 5@ciuk2007/000129

and a nolar ratio of benzene to ethylene fromabout 1

to about 10. [0044] The transal kyl ation reacti on may

take place under at least partially in liquid phase

condi tions. Particular conditgons for carrying out the

at least partially in liquid phase transal kyl ati on of

pol yal kyl ated aromati c conpound(s), e.g.,

pol yet hyl benzene(s) or polyi sopropyl benzene(s), with
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spatial arrangement of atoms which is tiled in three-dimensional space to

describe the crystal as described in the "Atlas of Zeolite Framework
Types", Fifth Edition, 2001, the entire contents of which is incorporated as
reference;

(b) molecular sieves made from a common second degree building block, a 2-
dimensional tiling of such MWW framework type unit cells, forming a
“monolayer of one unit cell thickness”, preferably one c-unit cell
thickness;

() molecular sieves made from common second degree building blocks,



noble netal (s), e.g., netal(s) of Goups IIIl, IV, V,

VI, VTL, and VIII of periodic table. In yet another
weonbarchspasnt , t he catal yst of this invention napCoUSRRY/000129

not have a zeolite having a zeolitic framework type of

MFI, e.g., silicalite or ZSM5. [0047] The term

"MCM 22 famly material", as used herein, includes (a)

mol ecul ar si eves nmade from ajgonmmon first degree
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V\EI dRHAPR5c ehb7£MO7 %and/ . 42:. @ﬂ eAinw@mso ifeitiee calninkdiedr as-
synthesized). In another embodiment, the MCM-22 . family materials are
characterized by having an X-ray diffraction pattern including d-spacing maxima
at 12.4+0.25, 6.9£0.15, 3.57+0.07 and 3.42+0.07 Angstroms (either calcined or
as-synthesized). The X-ray diffraction data used to characterize said molecular
sieve are obtained by standard techniques using the K-alpha doublet of copper as
the incident radiation and a diffractometer equipped with a scintillation counter
and associated computer as the collection system. Materials belong to the MCM-
22 family include MCM-22 (described in U. S. Pat. No. 4,954,325), PSH-3
(described in U.S. Pat. No. 4,439,409), SSZ-25 (described in U.S. Pat. No.
4,826,667), ERB-1 (described in European Patent No. 0293032), ITQ-1 (described
in U.S. Pat. No. 6,077, 498), ITQ-2 (described in International Patent Publication
No. W097/17290), ITQ-30 (described in International Patent Publication No.



wei ght of inpurities and pure phase MCM 22 fam |y

materials. [0048] In one enbodi nent, the MCM 22 famly
worbEvisedss are characterized by havi ng an X-rapCT/Us2007/000129

diffraction pattern including d-spacing naxi ma at

12.40. 25, 3.570.07 and 3.420.07 Angstrons (either

cal ci ned or assynthesized). In another enbodi nent, the

MCM 22 fanmily materials are gigaracterized by haV|ng an

X-ray diffraction pattern including d-spaci ng maxi ma

at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrons

(either cal ci ned or as-synthesized). The X-ray

OB BRI NChPE) @Buitnah a5 Bt R ARG HE Moma

K(@bcﬂ{t&ddiﬁtmlseﬂ’aﬁfl\l@ CRPES,57H drideMiOMisdedesdrdbdd ah it0B. Pat. No.
a diffractoneter equipped with a scintillation

céaéﬁ{l’émhn@h%\s%w AROBEERED AUt RAdeth g olcRIPOF PRI herein by
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defeddiRR PRIZY Clakes ﬁbé%ﬁ%hﬁjﬂ eldmfeﬁqmn@ﬁm eaatnasmag this same
| arge pore zeolite alkylation or transal

cmpaiqgé’f MCM2R. ERBrdr dER1.ePSH.t 11k S§&r%ﬁ yElPes Zpplites of the
O&F%[ﬁé Wedcrined a4'hsvih g véﬁ’ed’ ﬁs‘ég @lsr pac N&Q%‘ﬁ%%? describes

not communi cate with -rlngllnterna
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T, 5 B B A R bSO
4ffiter G%pdesarmaﬁﬁm pore molecular sieve having a Constraint Index of 2-
12 (as defined in U.S. Patent No. 4,016,218), including ZSM-5, ZSM-11, ZSM-
12, ZSM-22, ZSM-23, ZSM-35, and ZSM-48. ZSM-5 is described in detail in
U.S. Patent Nos. 3,702,886 and Re. 29,948. ZSM-11 is described in detail in U.S.
Patent No. 3,709,979. ZSM-12 is described in U.S. Patent No. 3,832,449. ZSM-22
is described in U.S. Patent No. 4,556,477. ZSM-23 is described in U.S. Patent No.
4,076,842. ZSM-35 is described in U.S. Patent No. 4,016,245. ZSM-48 is more
particularly described in U.S. Patent No. 4,234,231. The entire contents of all the
above patent specifications are incorporated herein by reference.
[0052] In another embodiment, the alkylation and/or transalkylation

catalyst may comprise a large pore molecular sieve having a Constraint Index of

drpgarbon conversion . -
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aromatics formation reactions such as xyl ene

I somerization, but also as an adsorbent, as a filter

and as a water-softening agent. U S. Pat. No.
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Zmbdbfitd $s dﬁ%ﬁécpﬁﬁU 8 bhisht ﬁ@é S 6d\N93 3nd3HBMID4. The entire
Zeolite ZSM20 is described in U’S. "Patent No.

TogrEntned. alfebei peovseratont peeificatinns pre UpSPEatednberein by
308,069, and Re. No. 28,341. Low sodium

Utrastable Y nol ecul ar sieve (USY) is described in

U0853]Pat ent Thip Corgr2iag lndex imd Sp¥4gieq Meabagl efthei extgnt to

‘R kel Skl BBIBLEPSGEE Motiflfs TBhfiGHed HEds w0
daek‘:millbsagf :/(ar(yinelngmzeFSamaelm inthnalzlgn;ﬁgmaég&: F?R?melﬁiee ahininosilicates
SHE8 RS iRl RrP G Tras o e Pelten FT Ny el sipoture
N e G ey o Jind
Nalp B b s PE sl e i 1 AN O o Rl OB 26 et Rand,

ciltnp@iositigarg e Mbich Tlﬁ‘ﬁﬂﬂger}blaﬁvdﬂg? dﬁe&La&edsi fo Utfe internal
tent Nos. 3, 766, Q93 an 894, 104. The ent
@3%@«9@ dicgie sifuctyrp aXBd‘v]é’“bX't‘]é‘ﬁtfl % Hiscrqnstrains awgﬂxa.aad usually

| P8y OPALLHzd) AR fetB¥d by which Constraint Index may be determined is
described fully in U.S. Patent No. 4,016,218, which is incorporated herein by

reference,

[0054] Molecular sieves and/or zeolites that may find application in the
present invention include any of the naturally occurring or synthetic crystalline
molecular sieves. Examples of these zeolites include large pore zeolites,
intermediate pore size zeolites, and small pore zeolites. These zeolites and their
isotypes are described in “Atlas of Zeolite Framework Types”, eds. Ch.
Baerlocher, W. H. Meier, and D. H. Olson, Elsevier, Fifth Edition, 2001, which is



reference. [0053] The Constraint Index is a convenient
measure of the extent to which an alum nosilicate or
woub@msdzami si eve provides control |l ed access t oPCT/US2007/000129
nol ecul es of varying sizes to its internal structure.

For exanple, alumnosilicates which provide a highly
restricted access to and egress fromits internal
structure have a high value fgy the constraint index,

and alum nosilicates of this kind usually have pores

of small size, e.g. less than 5 Angstrons. On the

ot her hand, alum nosilicates V\,hi ch provide relatively

f acce er nal um nosi | te.structur
hﬁj\g/'gebg X owrp\‘/)é%& I?’S’o?&% eIem‘?:ons 'f'g %?yl r?dé% gand allljtSu'La}IIItIerms of
p pratuictidn,| raodificaticteandl Etexraneerivatioh b f i ledulisosistes Ais nlescn‘bed in

At he TR EdlooTs” SRS bnrines jatcormphi dod dpuietigns @

I 8k64t¥ CRlacki@ Oﬁéddefm& & ll’lr@ﬂ’essﬁd)@l £BoaddH, A998 £8kddn@SEdition). In
that. may find application in the present invention

| AEfitER” on PAFCUHe SIEEr APPPhORT mtﬁ%}s,o phig{lt $ligs, caluminum
C¥hRl ddnguiBhes Bk e, Biv@MESn JS5RIPLES Bntd mﬁsatalyst supports.

zeolites include Iarge pore zeolites, internedi at
pe¥ suribgreof kuigikneyvn tashnignes, llikgoipeay, dofing, emllmmas‘életlzmg and

Zggﬂns‘g&? ra?}eé\ﬁglﬁ ';?5 'a§9£¥ﬂ§3u &‘?%%‘?écg%g?ﬁ ﬂruc%saﬁ Bt form

I\/b@f,e rfqr_ &raimple, th@h@d npartiblse,v ﬁetruda‘fq:itﬂiﬂlEm tend ntabREG0 bf both
Wb 8RS8 Rl ARRLRRBLE (Dl 81 EENES, o A STk Blon ana
_amh ohxahagdeer Az aummary)f ofmhmeu Itmhnfqueyes, described cin &thtalyst

MG e i olaiiEy Pk Ty Aofioch Aol BGR Ney Yopdo9s.

A([ @055y C & P’ﬂibfﬁﬁﬁht}naf theldﬁmlym(s) 1898in degRestnt process may be

ARSEERE LY BHEER OIY. Bl e O ALh) fot dhind 2452 and

alalPond) ke BAYBHORE Forl 8RR sREMASERNRAHYS o’ Nolite catalysts
cat al yst supports. A nunber of Iogag-lknom t echni ques,
#

| iwhachs prayybedtilizgd to staan-stakilize drq y$tn§eference is made to these
| r .
4 6 Sy e BRI OB i
pdre ipgksent eatalysislatide, spram extabibizatiionalgbrditions mxchlly include
Y, o
PGHGRRIE0e LR 0y PSSR TRLGHG, [0 10
oB0OhE€ESe.2t, e'ﬁl@ﬁ-lﬁq(]%) for st estomicdmar (g, (EfﬁO@Il}(mts) at a pressure of
f B. Stil es nd.T.
AP ORER v e Ppgge s dohiRlp LS b Py e mace v
c ahddrgs ts(crjning e&dth ’ﬂS-tlbé%ps'te&'ﬂmt 3p6B668XC mBy abﬁOSphenc pressure

for 2-25 hours. The steaming of the catalyst may take place under conditions

sufficient to initially increase the Alpha Value of the catalyst, the significance of
which is discussed below, and produce a steamed catalyst having an enhanced
Alpha Value. If desired, steaming may be continued to subsequently reduce the
Alpha Value from the higher Alpha Value to an Alpha Value which is
substantially the same as the Alpha Value of the unsteamed catalyst.

[0056] The alpha value test is a measure of the cracking activity of a
catalyst and is described in U.S. Patent No. 3,354,078 and in the Journal of
Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395 (1980),

each incorporated herein by reference as to that description. The experimental



i ncreased by steamng. U S. Pat. Nos. 4,663, 492;
4,594, 146; 4,522,929; and 4,429,176, describe
woaoahios9asms for the steam stabilization of zeokCrAS2007/000129
catal ysts which nay be utilized to steamstabilize the
catal yst. Reference is nmade to these patents for a
detail ed description of the steam stabilization
technique for use with the pmgsent catal ysts. The
steam stabilization conditions typically include
contacting the catalyst with, e.g., 5-100% steam at a
tenperature of at |east about 300 C (e.g., 300-6500
f 1-200 at. a o
p(?%nsdzthorxles 3 fthig%? QQ%%E r& glcludle 4 co spagy x%qer%ttﬂ'e ?f 538°C and a
evdrothlentlot, ratdes dascaibgdtin nh;allbm thedipuiie] WHdEHelgsis, Vol. 61, p.
%§§n1ng W th 75-100% st eam at 315-500C and
spheric pressure for 2-25 hours. The steani ng of
t Agp&atugl yst may take place under conditions
sufficient to initially increase the ha Val ue of

t H95¢ht al ystn ophemboghnentc Bt arvontio relpler g0 epm»s@w for the
bgloaueticH 6k me%meyzateatmfe SERhAdat cdaYiie ‘
enhanced Al pha Val'ue. desire st eam ng ﬁ%y be

cOMt i nadeRcke @ywe@rul@mﬂqne rinlgticas lease opg mnvalzeee,fandmt least
t he hi \V/

Lo e bplP R MRk o AR VRS R] S e raction
unst eapent, tht ey strean[lﬁb) §oMpfitiag at palast Bl a;ealkyﬂstinfg sgent and at

docor | B8 onk QAR AL totbadl 5 SRl B TRV water

Jour nabomém@atdahcj@ml Wotontdin ql lea one18k@Ehtio/ @k .transalRylation
278 ( 1980
i ncor pg?atg & Wg?rgfnn aﬁ)ylleng 8pe n%g

descr i plkiylafing HaentexjietHenakylatablenatotatio coafpoliie al‘eﬁﬁéntacted in

used herein incl a _constant tenperature of 538
and a rPrgﬁ"’f”éefq%d{i’Fraé{%@a%%n @& deansplkylatipn gatadyst ‘!”l‘?eﬁ Fitable

Jour nahik9fatibator| ik Akyldbn cBdditiBns, 30O effMRABKAES comprises the
[0057] In one errbodl ment, this i nvention relates to an

appar afegoalkylatade BF%’@I%I& i 6pmgpurd nndal Rglyatkadpted aromatic
ar omat b&nﬁamegn&e o%ﬁ@pa{daﬁéeﬁgo réfidveAnk Gl having at

| east one inlet, at |east one reaction zone, and at

| @dst Bnmewut fert matitoring| e auwunedft the maonedlkydatéde ggomatic
strea '

oSS e SR TR £90 R0 G A8HE LR o e
| east dW@mm,kylatable aromati ¢ conmpound, the reaction
P12, "Bl oSS0 S0 A R DR AR D bur oo
wher ei wppin ihelsteactiin sife] areht nmay be produced mhen t he

whereby a desired combination of the monoalkylated aromatic compound and the

yt %g? groduced when the

‘polyalkylated aromatic compound(s) may be produced in the reaction zone.

[0058] In one aspect of this invention, the means for adjusting the water
content of the reaction zone includes introducing water to the reaction zone in the
form of steam, liquid water, or a mixture thereof. Other such means include
removing water from the alkylatable aromatic compound and/or the alkylating
agent by drying with a molecular sieve or dehydration by distillation, or other
suitable means known to those skilled in the art or by combinations of these
techniques such as distillation followed by drying over a molecular sieve or clay.

[0059] It is well know to a person skilled in the art that the means for



al kyl ati ng agent and the al kyl atabl e aromati c conpound

are contacted in the presence of the al kylation or
woOneoTasddgyl at i on cat al yst under suitabl e al kyl acTms2@17/000129

transal kyl ati on conditions, the effluent which

conpri ses the nonoal kyl ated aromati ¢ conpound and

pol yal kyl ated aromati ¢ conpound(s), the outlet adapted

to renove the effluent; (b) ajreans for nonitoring the

anmount of the nonoal kyl ated aromati ¢ conpound or the

amount of the polyal kyl ated aromati c conpound(s) in

the effluent; (c) a neans for adjusting the water

content. fr n1ab ut 900 w

SRk S R0 o Tae PRI AIR 3R i B gt g amount of
t |nl|&3 ]idil@ﬁ)klylaydddairﬁﬂma&b Q:ﬂﬁtpoﬁn@ Qﬁm@iﬁd Iﬁhﬁ&ﬁhg‘éhﬂona& tech(ljnques, such
pol ya ate omatj ¢ npound( s e pro uced I n

t e 0@5%? Sh 28HBe F@E)sg??“‘i’fﬁa%ﬁ%mg 6@@ ofnlingj or offline Gas
| Ohesthht@Braph NPl 8E BP&tiRhet@d[GOINIRY tBRri¥PbSEhn&D Qﬁeﬁ%ls F TIR,
of the reaction zone includes introducing water to

r £86t ietmontay  paalysie Hensitvofangbysism erpYigi azlamtSerothgw saxtable
mté%Hf Gied 18 HEREure A 'é\tl Sﬂlg'gﬁﬂ@sknb%l 98 ok %ﬁ&n and any
vvater rom the al kylatable mati ¢ compound an

_t ﬁémblfl@ybatthmg)fagent by drying with a nol ecul ar sieve

ydr at 'I? te%a%f\) Iﬁlnl‘%déﬁﬁent &Eéqfnrverslglrg 1ank%:lludes a method - -

ans knovvn ose S e ar
c dorbretratittongs amfextsltleg elkdathon qme shasru@a asauﬂmshs Héstibed above.

f | b

Ot Sl WCh B sl Rl BeRE el gpeans for
t hatnitbhieg WMmsoﬁmrcrfmatd flonogikylaecdaarommatic @bmipband or the amount
oBF S YRSl BREHAE CCOMPOUNS FietddiaRy & means fo¥ adjusting

c eﬂld avdtbceterlt IR I BOVGSL v@Fﬁ’htoﬁ:ﬁ)ouQ Db(lb R@ped Glarpéef' idl k&@Rtion zone,
I ne or I ne

%}egmat ogr aph. (GC),
R RPap Hlensed capbiptomaf spid menpiylatask eomatic compound
bah@R&@ ﬁd]%lﬁﬁh&d drdinBic ¥¥m %Whﬁ&%@ﬁ@dﬁ&ém sald reaction

density anal ysis, gravity anal ysi's, other suitab
t 8eBhi Gegnet omw@eépbmqf@%wpém@n&ﬁmen@m or cumene

Ela!n{ o4 haéﬁzhﬁ(ﬁrbha@ﬁgo"l‘%& nént Opaﬁfﬁl Ofhabd) q{rergrxed[p%ggeo lilkylatlon

anaternatlvee i Avention
i reactodedn parisuladtheoprocessr of s imgntion emystbieng;ed to retrofit an

hﬂ\!ﬂ% t dﬁgﬂ%neh 81;/ Igglgl e pga%? tu%f g%lgm[%? %;? e 01 cﬁ)emxcal grade
r ethyteor o }trbpyiene anth mominmpmi |atrm:|unh of hlaw ayuipméntpfucdaag] extra

ng&gsxlcgygrgtfgrdthaer a‘ﬂﬂ?lta{lﬁg %%e oun&a—separzﬂl cr:mlumn for light gas and

aromatics, and other equipment.

r-O

[0061] The invention will be more particularly described with reference to
the following Examples.

Testing Procedures

Feed Pi‘etreatment
[0062] Benzene (99.96 wt.%) was obtained from the ExxonMobil

Baytown Chemical plant. The benzene was passed through a pretreatment vessel

(2L Hoke vessel) containing absorbent materials from inlet to outlet. All absorbent
feed pretreatment materials were dried in a 260°C oven for 12 hours before using.

[0063] Polymer grade propylene was obtained from Scott Specialty Gases
(Pasadena, TX, USA). Propylene was passed through a 300 ml vessel containing



of said polyal kyl ated aromati c conmpound(s) in said

effluent; a neans for adjusting said water content
woOnwmmsut 1 wppm to about 900 wppmin said regTitisem7/000129

zone, and whereby a desired conbination of said

nonoal kyl ated aromati c conpound and sai d pol yal kyl at ed

aromati ¢ conpound(s) may be produced in said reaction

zone. This nmethod is suitablesfor retrofitting an

exi sting ethyl benzene or cunene plant with a vapor

phase, at |least partial [iquid phase, or m xed phase

aIkyIation reactor In particular, the process of this

ToTRsBA DERE e e Do o For R e Ebe B wrine,
 cloesscal gr axutea Bigh\pugine gﬁﬂe pNitrpgerewas vbttaimemﬁnmrSmft Specialty

amount_ of new e extra

FigPece s Ena i g A Breh B VAL P LR SR b fgs which

| Jehtdrtasat 260PCAfoR TatHoGfs befste ueiniger equi pmsnt [ 0061]

The [ nvent| on vv| I I be nor e particularly described with
PERTYS ALIOE QMHRY Exanpl es. Testing

V\Pﬁ%g]dur es wnﬁ egaqeg%rmag 0B8] JBesraane t&9l9596Patent No.

was o ed fromthe xonMobi | Bayt own
om,@mt,aaﬁ the a‘mole e e 2dneh ifagcyRImiad ‘P‘FFF‘&@HCEFTC““ MCM-

ai%ﬁ&s iféd %gclorm 6o VESS P detONbAISIIHE 7S, the whole
Sor ral s

t rrat rominlet to outlet. AUabsorbent
fe@demroe"mmdt rmnd;orpaltamdlmtesn\nerféerﬁmfed in a 2600C oven

M hour al%’ael ct%‘\ﬁiyn Qas! O te@o LB al %g@ond order rate

ene tafhed from peci alty Gases
( Basstaie nﬁldefl' )She tﬁét)xon leondtitiben étemsrapgg sE®°Chamsy gbregpure 2170

D0 585 S AR Al RS Lo

hhﬁhle@lﬂﬂi itheyar@lr g€ "Nl’lhdfl@lj:@ Anddsacict aif féctetfogemed®s datalyst"”, J.M. -

8B6wme.c Shda R el S oo ELRRe HOdRr B FAIRet Bedhcn s
fﬁ(coﬁ%rﬁ‘@& erdB i fefeiehd). Caadlah Welechviep avaatdabouiatedl using the

Loadi ng [ 0065] 22 cat al yst was prfgared accor 'ng .
t oveighs Tatyyof fumeae prodpsad 9y5r d-SEPTRRY] BERASHERHECG e Teaction

""@bﬁﬁhtxbﬁs (1 ORRLRAAE 6P §ldgiBssife 2 El0aRNGE. MCM 49

catal yst was prepared according to U S. Patent
5 1005] 575, tTeo ghoheof ortelylt Wes duipd dhairsti26005F rfS’f Athoyrs. The

c g%@kﬂsg?%a rrglgllg{ree Tety El%pegyg %ﬁ%ﬁ?g@éﬁg ?{I%Cﬁéti’drﬁ Yof\¥ocatalyst basket

heEcsec
was packed with quartz ChlpS followed by loading of one gram of catalyst into

basket on top of the quartz chips. The catalyst was then covered by additional
quartz chips. The catalyst basket containing the catalyst and qguartz chips was
dried at 260°C in air for about 16 hours.

[0068] Before each experiment the reactor and all lines were cleaned with
a suitable solvent (such as toluene) followed by flowing of air after cleaning to
remove all cleaning solvent. The catalyst basket containing the catalyst and quartz
chips was placed in reactor immediately after drying.

[0069] A 300 ml Parr® batch reaction vessel (Series 4563 mini Bench top
reactor with a static catalyst basket, Parr Instrument Company, Moline, IL USA)
equipped with a stir rod and static catalyst basket was used for the activity and
selectivity measurements. The reaction vessel was fitted with two removable

vessels for the introduction of benzene and propylene respectively.



constant under the reaction conditions (tenperature
1300C and pressure 2170 kPa-a). Reaction

woav@/smsst ant s were cal cul at ed usi ng nmet hods RODMWS23G00/000129
those skilled in the art. See "Principles and Practice
of Het erogeneous Catalyst", J.M Thomas, W. Thonas,
VCH, 1st Edition, 1997, the disclosure of which is
i ncorporated herein by reference. Catal yst selectivity
was cal cul ated using the weight ratio of cunene
produced over di-isopropyl benzenes under the reaction
conditions (tenperature 1300C and pressure 2170

k . [00 f .catal.yst s dri.ed in_ai .
SO0 L ot o VAT hutled N 185 it RE bCirtdled bfira nign
i pregi attelggnalNpeford? Vhiougs afl hGOtﬂﬁt Thm‘if, Cthle a‘eﬁgbﬁltgtﬁﬁerature was
basket ked wi.th quartz chips followed hy

Bt 1 T3 0RE e it Bl of iy i oRtics g the gesgor were
t BRselIT Zft€ridiaps . Prifieaté@ibahydile (188,11 BRh)CRYEL HafstBied into the
addi tional gquartz chips. The catal ysi basket

c STRELT ARAGF # uityashish pyrigaifregen hlapketydhe gractog wes stired
260860 ki 3bF 11HGr. aReHtatdd gtigi:&lr ;?rlop{dQQ@ @8 . m @nBACH 7t0hkPa-a

exgerinent t he reactor - an I'nes were cl eaned w
aultA Pigh eudiy pidveren dachemdranslegeddp thel regtied Bhe reactor was

; . £ o I . v | . o
SORvAEAc g 270 RERAL 0Y {EEP1P0 K0 B Bef el AR, Liquia
- afdnplgaere ¢dicpsatvids 601 42ed1ith 180amido240 miediftet @lgition of the

-aéhggegrying. [0069] A 300 ml Parr(r) batch reaction

ves } Series 4563 mini Bench top reactor with a

s{®71¢ cat alWaster vas kéded toahe réaction mirntre By pjtheryof two methods.

S0 5 e D RO i B iR 580 e e

S elaesz tiewel fry theaeastionnm@bitere. Se@ndeaetpredniée sarlysnats humidified
fitted with two reér{/)vabl e.vessels for the introduction

oP WS BFRPeL AROBRLAN T #iRE ads0Ehrd Gorrepqnding) tapthe figgired amount of

I Q@ ah theFeaRti6 fllxitird Wad @Btdihdd e Umduhe of WRASH the reaction-
ultra high purity nitrogen for 2 hours at 17Q0C

N, QC.
TREMfuck Hénd @4 beshvas srpaeiad by Kapbisshea Jaweior Mettiep Eoledo, Inc.,
ueSGimblist 620K AJ Wiich AL {yg]idah?taémg&@ 10 \Withd So Ypphi’e

reactor were cl osed off t er war retreat ed benzene
(Exgmoplesr am) was transferred into the reactor under

R e R e e N

| algniin)p e grasn MCRB49 gatalypt (Bdet. Y 2MIIMKRoaral 20 wt&o alumina),

P et PAEONER gl SIS 0 o g 20

t Alnida)ovdrPgesteduindenthiei aphditions ayd miettrodgiescribadopbiotle.

Wéffe\rl\era t?alg(c i&itggotﬁ ﬁj@ ge%’litel%gfa (::I'a %ystlgl%re%ggd 145'1088% at 0
wppm H;O as comparing to the activity of the zeolite beta catalyst at same
conditions except at a water content of 872 wppm. The activity of the zeolite
MCM-22 catalyst increased by 544% at 0 wppm H2O and 22% at 448 wppm H,0
as comparing to the activity of the zeolite MCM-22 catalyst at same conditions
except water content of 922 wppm. The activity of the zeolite MCM-49 catalyst
increased by 497% at 0 wppm H;O and 39% at 474 wppm H>O as compared to
the activity of the zeolite MCM-49 catalyst at same conditions except water
content of 885 wppm.

[0074] The selectivity of the zeolite beta catalyst increased from 4.76 at 0



propyl ene. [0071] Water was added to the reaction

m xture by either of two nethods. First, the water was
weadoesezit he pretreated benzene supply to obt acmush®7/000129

desired water level in the reaction mxture. Second,

the pre-dried catalyst was hum dified until the proper

anount of water adsorbed corresponding to the desired

anmount of water in the reactign mxture was obt ai ned.

The amount of water in the reactionproduct at end of

test was neasured by Karl Fischer Titrator (Mettler

Tol edo, Inc., Colunbus, OH USA) which is typical I y

SRS Yol A VOB SSE SRuk OB o e

OBﬁ)l@é BE1aNRI ¢ ot AW cdrditiotds ckodfet 3.3w§t€fi cailemtt of% wppm.

m na), .and _one gram zeolite beta, catal 80 wt. %

‘B 5 seleptivify 8f Uy zeoliiei MGMiR2 eptalyshinsagas P& Y2k §22 Wppm

gr artd8190 '
I SR oIS Ko A RS of e e

2ta)ys8 54 3me) copitioie exespt cwatprconignt ofthevppm. The

agélééﬁvSég & ENRARUNACHE- 48 éa‘i‘alg ﬁ%ﬁ?& ?Jysig‘?eat 885 wopm H,0O

conditions except at a water
aend %%yat@ﬂ"rt\*v@m &bl asecobipir@tocthe ad:lystiwthﬁthazetdxthCM—49
5 0 and 22% at 448 0O as

éMt{? attat s e cgﬂg%gg% ? at &wz%tﬁr cojL W 29 ' .
cﬂl(ﬂlsyst at Aslanmamrsdl tplamns eppl&mhomat etestC opiioeedured, priority

e lBER, 5SSl edoritpmteed S Segoimerl spgherein are

Hﬂﬁl)ﬂﬁicﬁfpmz&é@ byt eférbiceatot the i dkyen®lsutih QiseRRlu B MENhdShsistent
cat. st .at sane efdltlons except water content of

sgfst b ez ang) o5 4 T drisdiqtipng ring ydiche guch dngnspopation is
g@,@hﬁg& increased from4.76 at Owppm H20O to 14. 49 at

vvf)pm H20Q as conpared to the selectivity of the
W76} e bet Vhe Byrpstical dowerdimipand sRmetica nppexiwifs agg listed

ah&@fne PE%AH%HI arBf 1one¥VHHm to BA§ u ggé )?/lhidﬁﬁ'} é’orﬂér%}%lgfed

zeolife cat al I ncr eas wppm
 HIO7dhd 41%While the qm‘anvo emsbagiompreis eaf . the invention have been

iﬁl} ﬁ{)é&/ Wl e&afm&[lgn eR l&ﬁl%eWelzsg 0%8‘5’\%4@%% u%}%)éhse?ql?odlﬁcatmns

| trons ter content
swuhlé beiappanenbto aiuérrza@'die teadﬂAEMaﬂQ yatheky skilled dn ¢las ed without

cHrrRAig R R R A oy O BhemYEuPE M peRiag, it is no
caftedded tthattths acepecaiitdle tlains apyandpid haiet@ budingiteddonthe kkamples
of <P d\A@(Pnptlons set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



[0075] Al patents, patent applications, test
procedures, priority docunents, articles,
wouebdvosadsions, nmanual s, and ot her docunents ci Pew/US2007/000129
herein are fully incorporated by reference to the
extent such disclosure is not inconsistent with this
invention and for all jurisdictions in which such
incorporation-is permtted. [4076] Wen numeri cal
lower limts and numerical upper limts are |isted
herein, ranges fromany lower limt to any upper limt
are contenplated. [0077] Wiile the illustrative
emw of the invention have been described wth
p rity, it will be understood that various
otecClamsdi fications will be apparent to and nmay be
readily made by those skilled in the art w thout
departing fromthe spirit and scope of the invention.
Aqcor diAtglatess for hfkyBonior R A8t brdficS RSl th B?oduce a
cl ai ms appended hereto be limted to the exanples and
descri ponoakkydated pematicirerponnd sempaisingrthe ptgps efie
clainms be c
o1 e B o PSRk A5 DEOIRERSL A A B with
i nvention, wmtmdpflgt lgidt ofhe attalyes thﬂma(;diymt/dlgw activity and a
treated as t skilled . n the
art o uhi chorFarrp s BEhESl e AR SaGEg D oy
1. A p(ocessupplying Kiyd a'bao(unnoﬁor&n wathk yt aéasbl meartlmmikydatable
conmpound to, Uce a no oal at ed aro tic: conpound
conpri sing t %mgﬂ‘ PR (ag)i%heg%od}eﬁék S0 Ne
reacti ¢ zorupefaﬂhgngha \wetcabnc%hentunublt hsuRbRITOMRY1a6bn  or
at | east on cat cat al yst _ havi Qg an actjvity

and a sel ect aﬂ‘)‘?? ?Y fipn tcﬂ’é HBH%&P R PAHE P AP cettluent which

conpound; (Rbnipeiged ¥ iniehdalle/14ted alontiticZedng ot mnatpolyamylated
| east one the al kyI at abl e ar omati ¢ conmpound and at

| east one alKYMEHG FRPRYEHS) (c) operating the reaction
zone upder shHbdiRRing Bk k¥t OF 1 n%@ﬂﬁt?ia'fé@ %&@iﬁc compound

conditions, to produce at |east one effluent which
conpri ses  a oAthoamepnkaré dhaprelativiated appustis egrdpound(s) in the
pol yal kyl at Sl eI gmatl c conmpound(s); (d) nonitoring the
amount of the moroal kyl ated aromati c conpound or the
anmount (@f t Rdjystng dekyhtar echtantondheé teactionp pemiosyecine a desired
the amount of the monalkylated aromatic compound and/or the
polyalkylated aromatic compound(s) in the effluent, the water
content in the reaction zone being in a range from 1 wppm to 900
wppm; and
wherein the polyalkylated aromatic compound(s) produced is reduced as
compared to the reaction zone having a water content of 0 wppm when the
reaction zone is operated under equivalent alkylation or transalkylation
conditions; and/or
wherein the amount of the catalyst required to produce the desired
amounts of monoalkylated aromatic compound and polyalkylated aromatic
compound(s) is reduced as compared to the reaction zone having a higher
water content than in step (¢) and the reaction zone is operated under

equivalent alkylation or transalkylation conditions.



effluent; (e) adjusting the water content in the

reaction zone to secure a desired anmount of the
wouoeogydsat ed aromati c conpound and/ or the PCT/US2007/000129

pol yal kyl ated aromati c conpound(s) in the effluent,

the water content in the reaction zone being in a

range from1l wopmto 900 wppm and wherein the

pol yal kyl ated aromati c conpoup¢l(s) produced is reduced

as conpared to the reaction zone having a water

content of O wppm when the reaction zone is operated

under equival ent al kylation or transal kyl ation

conditi ' / wher ej e nt of the catal yst .

r ggui r e%{kts%mg%% ggcédl g’ g‘@‘,rlgr?le%llgar{’Qn‘?ko{‘an(fos,nt?‘ﬂ‘t b7 this'réotion zone is

nmonoal Kys$sghad5e0 epati. c conpound and pol yal kyl at ed

aromati ¢ conpound(s) is reduced as conpared to the

reacti on zone having a higher. water content than in

sBep ( €Jheaptbctteof angtprededa@nelairh, OPefeit ehe WABK! content of the
equi val ent, al kyl ation or transal kylation conditions.2. - A

The pr GERRUONFENE sless than gR&MPIH t he water content of

the reaction zone is I ess than 500 wopm 3. The

process of any preceding claim wherein the water .

_cdnt entThst PIPRSSS Qe tamyn Prasadings clailms Whergins Gheyppneunt, of the

The pr bte@¥oRk ' Gl ' L R ‘
Yo Hhte@ WoBLEE %gfn?gu&&(g ng;gg\rqgﬁ(%; ;y %rdg%dcgg%?géagt 10

of the polyalkylated aromatic c ] ‘
r educedigp agtcompasad toOthpreadian zonmpavieg atwatereontent of 0 wppm

reacti onRe. - LI ter n f m when . . A
the r egf:}%ci%onrﬂﬁez g%ée(ét% %Bﬁ?altg egsﬁ%gr hlé(:iq)eur [ \ggﬁ\ﬁg%te nt a?kylahon or
al kyl attiappalisylatiomperalitighsat i on conditions. 5. The
process of any preceding claim wherein the catalyst
consi sts essentially of a nolecular sieve of an MCM 22

f am | y Taredposcebavifngny grecdding dlaiiewdkleil yipe ehtalWi\consists

6. The process af claimb5, wherein_the nol ecul ar sSieve.

is ERB-GIQS,enﬁar@ |°? 3 ‘?Q?efmalf ﬂ‘?"?o‘?fe %Mg, -g&famy apdfgrobaving a
MCM 36 zebdliibHéSheWdevtafe ofvivawMCM: 22 fami |y materi al .

7. The process of any one of clains 1-4, wherein the

catal yst conpri ses :
6. The process of claim 5, wherein the molecular sieve is ERB-1, ITQ-1,

ITQ-2, ITQ-30, PSH-3, SSZ-25, MCM-22, MCM-36, MCM-49, MCM-56,
or a MCM-22 family material. A

7. The process of any one of claims 1-4, wherein the catalyst comprises

zeolite beta or zeolite Y.

8. The process of any preceding claim, further comprising a finishing reactor

downstream of the reaction zone.

9. The process of any preceding claim, wherein the suitable alkylation or
transalkylation conditions maintain the reaction zone under at least partial

liquid phase conditions.

10. The process of any preceding claim, wherein the monoalkylated aromatic

compound comprises ethylbenzene, the alkylatable aromatic compound



zeolite beta or zeolite Y. 8. The process of any

preceding claim further conprising a finishing
woeaniosgzsdownst ream of the reaction zone. 9. TReT/US2007/000129

process of any preceding claim wherein the suitable

al kyl ati on or transal kylation conditions maintain the

reacti on zone under at |east partial |iquid phase

conditions. 10. The process 0fg any preceding claim

wherei n the nonoal kyl ated aromati c conpound conpri ses

et hyl benzene, the al kyl atable aromatic

conpoundconpri ses benzene, and the al kyl ati ng agent

conpri ses et hyl ene ropyl ene, or. butene. 11. The

pr oces§°8’fpn5?1%//, lber“@é‘é‘%i ﬁﬁxm rﬁlﬁmg’t‘%i ABTH e COMBHSTSe) cthylene,
I s contprediénegot bgtew@it er content in the reaction zone

to secure a desired conbination of the activity and

the selectivity of the catalyst, the water content in

the. r ealeiRpcetd BE aRPpRBedilg BlaiRNABedelPMe NRP®) iOci@Blling the
wopm 12. "An apparatus for the production of a

nmonoal RYAte @ateyt apdlis Eeagtpm semrdtonsechret h degiredceesebination of the
recited.i - . Ll Sing: , .
Feact orchavt it BESERC DAY BT A ThTAL Nal cobht f thereaction
r eact i Gang beipg imadenge framd twipme toP@Q wppmt he i nl et

adapted to introduce feed stream(s) into the reaction
zone, the feed stream(s) conprising at |east one

allRy| atAmgppagans fanthegtrotiedsn ehe nainoylkytaadyl eroaravicedongpound

-conmpound.. the reactian,zone havin wat er cont ent - and
adapt od BLMEBRERHreRtio BORD rife it Jritp Spripine

t ransal(ky| ata resicteahakiyg bt lendtone iimealfa'f( lelﬁasdne%@ction zone, and at
ef fl uent may be produced when the yl ati ng nt and .
the al kyl at 467 °8F GiiEr e Bﬁﬁ&d%ﬂtegr% IEBH@%&@ SiedRe) into
presence of thdgeadtion abhnner foed agtfaahlty) dbpRsHat & Y&kt one
under suitabl e al kylation or transal kyl ati on

condi ti ons, HAdAEE Per AR denst ORpeflodatahlgaromatic compound,

monoal kyl at gfe AaRHBH 26né Ry A8 ANy ah 8 WUaEE to contain at

aromatic conpound(s), the outlet adapted to renove t%e

ef fl uent; (HB9ashonalkylation ompiansadleylafiont ersalsstowheredt at laest one

nonoal kyl at |,C . of the
SR B} oL SRAEE Shert 16 MR E pbti®and the

pol yal kyl at ar omat ,
alkylatable aromatic compound are contacted in the presence of the

alkylation or transalkylation catalyst under suitable alkylation or
transalkylation conditions, the effluent which comprises the
monoalkylated aromatic compound and polyalkylated aromatic
compound(s), the outlet adapted to remove the effluent;

(b) a means for monitoring the amount of the monoalkylated. aromatic
compound or the amount of the polyalkylated aromatic
compound(s) in the effluent;

(c) a means for adjusting the water content from 1 wppm to 900 wppm
in the reaction zone, and

whereby a desired combination of the monoalkylated aromatic compound

and the polyalkylated aromatic compound(s) may be produced in the

reaction zone.

13. The apparatus of claim 12, wherein the means for adjusting the water



(c) a neans for adjusting the water content from1l

wppmto 900 wopmin the reaction zone, and whereby a
wdaesivosgtsconbi nati on of the nonoal kyl at ed ar omMRCTAIS2007/000129

conmpound and the pol yal kyl ated aromati ¢ conpound(s)

may be produced in the reaction zone. 13. The

apparatus of claim 12, wherein the neans for adjusting

the watercontent includes inggoducing water to the

reaction zone, renoving water fromthe al kyl at abl e

aromati c conpound, renoving water fromthe al kyl ati ng

agent, or conbinations thereof. 14. The apparatus of

any one of cl ai 12-13,. wherei ter is introduced

"0t hesorent RIS ORI QA Pallir oagiol pitlsy Fghoving water
M Xt ur goff & taBylaables brAmtRNdoMpowad,eferhSving WERE from the
fromthe al kylatable arqomatic conpound by drying with

a nol etlisyiang pgspd, Greogtmyaiions thsieatn a distillation

colum. 15. A nmethod for retrofitting an existing

al kylation unit having a reactor of step (a) of any -
ohfe of Th¢ appesates of any evnerpf cleimg 12H8, stersinvaiatdpintrpgluced in
t he react it Ltoring.

the mopsarisian® 3R Seler BRLET: it BFRUM 4 ctear
t he pohnydbk yasired smoovetli frono thpo alkyiatible reroinetic compound by
effluent. a ans for, adj usti he wat er,. tent .from

T wpprepreBptF e ey ol B b SR
desired conbi nati on of the nonoal kyl ated aromati c

ﬁggp g:nd?l%ﬁ%gtegéx@ irgt?%%glng éﬁ%}ﬁ?gwag; g_a%ign %%ﬁplgauvri]rgé g)reactor‘ of
step (a) of any one of claims 12-14, comprising the step of adapting the
reactor with a means for monitoring the amount of the monoalkylated
aromatic compound or the amount of the polyalkylated aromatic
compound(s) in the effluent; a means for adjusting the water content from
1 wppm to 900 wppm in the reaction zone, and whereby a desired
combination of the monoalkylated aromatic compound and the
polyalkylated aromatic compound(s) may be produced in the reaction

zone.



