1 AROVATI C ALKYLATI ON PROCESS FI ELD [0001] The present invention relates
to an aromatic al kyl ati on process and, in particular, an aromatic

al kyl ati on process for the production of ethyl benzene and cunene,
BACKGROUND [0002] Ethyl benzene and cunmene are val uabl e conmmodity chem cal s
that. are wused industrially for the production of styrene nononers and
co-production of phenol and acetone respectively. Ethyl benzene may be
produced by a nunber of different chem cal processes but one process that
has achi eved a significant degree of commercial success is the vapor phase
al kyl ati on of benzene with ARGMAEIG ALKNLATIONBREWESS a solid, acidic
zeohte catal yst, such as ZSM5. Exanples of such ethyl benzene production
processes are described in U S. Patents 3,751,504, 4,547,605, and

4,016, 218. U. S. rFRaLpnt 4, 992, 606 descri bes the use of MCM22 in the

al kyl ati on of aromati c_conpounds, such as benzene, wth short chain

al kyl ating agef081] sydie aeset HYPEHRD ISItFs AP 8 proms ‘.’\ﬁ[‘%’éﬁ‘@] PIOR%SE 2pdbdBnt | v,
focus has been gircabieh domalidlbikflaRbRBfock: 360Hs sfodhiction dHe i and

et hyl benzene from benzene and ethylene since |iquid phase processes operate
at a | ower tenpemadngre than their vapor phase counterparts and hence tend
to result in lower yields of by-products. For exanple, U S. Patent 4,891, 458
describes the |iquid phase synthesis of ethyl benzene with zeolite beta,
whereas U.S. PBAGKGROIND 795 describes the use of MCM 22 in the liquid
phase synt hesis et hyl henzene. , [ 0004) Exi.st.i.n rocesses.for_ produci ng

et hyl benzene, h er,Eﬁﬁﬁﬁyﬁﬂﬁﬁvd BPB&G%%V68ﬂ§%?%§P8@8H5§B@@%J§Qh§fme|| as
t Ee,_ delsi rleg {ron@gwriu&@mny_ Fﬁ_ﬁroﬁugjmddcﬁoﬂ 8f sfyl“eﬂg eﬁmmgoxnaa&_ : o-lﬁrfsdﬂcﬁaﬁll&ﬂ" kyl at e
t pol yal kyl ated species wt enzeng ,t roduce, additi,qnal ethyl henzene
ei gher by recychheRg é‘ﬁ%?%fﬂ@?gyedg%@ﬁ‘%ﬁge gy Pf groaugad Y4 P'Hﬁgqfé’gct or or
by feeding the pgbial dehhPstosRas basodedpraccsRal 1Ak Achidved A Sihifichdldepide r €aCt OF .
The conversion of polyal kyl'ated back to nopoal kyl ated product is therefore

an additional sefeemmezmialsineessagie varnrphestiatiylatipnolhsazene yith gthylene in the
presence of a solid, acidic zeolite catalyst, such as ZSM-5. Examples of such

cthyibenzene production processes are described in U.S. Patents 3,751,504,
4,547,605, and 4,016,218. U.S. Patent 4,992,606 describes the use of MCM-22 in
the alkylation of aromatic compounds, such as benzene, with short chain alkylating
agents, such as cthylene and propylene.

[0003]  More recently, focus has been dirccted at liquid phase processes for
producing ethylbenzene from benzene and ethylene since liquid phase processes
operate at a lower temperature than their vapor phase counterparts and hence tend
1o result in lower yields of by-products. For example, U.S. Patent 4,891,458

- \\\
)

describes the liquid phase synthesis of ethylbenzene with zeolite beta, whereas
U.S. Patent 5,334,795 describes the use of MCM-22 in the liquid phase synthesis
of ethylbenzene.
[0004)  Existing processes for producing ethylbenzene, however, inherently
produce polyalkylated species as well as the desired monoalkylated product. It is
therefore normal to transalkylate the polyalkylated species with benzene to produce
additional ethylbenzene either by recycling the polyalkylated species to the
. alkylation reactor or by feeding the polyalkylated species to a separate
transalkylation reactor. The conversion of polyalkylated back to monoalkylated
product is therefore an additional step that that adds complexity and cost to the



process. Further, the quantities of inpurities and heavy byproducts per unit
of nonoal kylate forned are typically higher in this recycle step than in
the primary alkylation step. [00051 There is a need for a process that
reduces the amount of polyal kylates fornmed in the initial conversion of
aromatics with an al kyl ating agent into nonoal kyl ates, thereby reducing the
amount of pol yal kyl ates to be converted ifsto nonoal kyl ates and subsequent
by- products inherent in that process, SUMMARY 100061 In one aspect, the
present invention resides in a process for producing nonoalkylated aromatic
conpounds conpr peiesy Fouthere thengpantifies rad rippiisies @rd beavy pypreducts ke wiit ofy agent

in the presence of talyst . c r1yS) a.nplecul ar si,eve. havi.ng an X-ray
di ffraction pat P@P???]fyﬁ% ﬁiﬂ%ﬁ% aﬁ%ﬁ%ﬁ}n@g‘:ﬂ%x% %‘%jyc%f.wfdg%fn 5 PY 5,
3.570. 07, and 3agdstidhp. Angstrom and at | east one netal cation selected

from Goups 1-4 and 7-16 of the Periodic Table of Elenments, wherein the
metal cation isiO8P&send g’r‘"ﬁ iy NeASOR p&fccﬁttﬁqté%@é‘fesél?ﬂs%wt %P‘aﬁfﬁkﬁ?‘eﬁ he

catal yst, wher glyied gh aRd infithly c@fvelsitn 6RLAIMAESs With PO ANGREAP NGattKkAt es over

pol yal kyl ates is inproved as conpared with the identical catal yst but

wi t hout "t he net abnesdityiabs, thoreby saducing Gwomoumt of peliielkylates ke bereenykrtehinion | s
present in an aﬂiw%gg‘?&nﬁ‘?&b?‘ﬁ@%ﬁgﬁ’éﬁ&@%ﬁﬁ%%‘ tght of the catal yst

~- [00081 In onée e ar sieve Is ‘selected from MCM 22,
PS11 -3, SSz-25, ERE-1, ITQ 1, ITQ2, MM 36, MCM 49 and MCM 56. [0009] In
one enbodi nent ,gﬁgﬁ%@aal cation is selected from Goups 1-4 and 12-16 of
the Periodic Ta enments. In another enbodi nent, the netal cation is
sel ected from Qooogls 7Inldneafspdchehdpresant imyerfivh resides irEh proeexs or prodddyg The

o O o2, T RS B R B S MA RAR FOTTY 2, c
to a process foin gkgdtigy Bgpnein thengedeksd af o datalystn@iripeisiag npcledulbnsibregh
Feedst ock,  SuehiAeah SamE Ayt R n R T gt e B aroma g g L2028 ©
PCT/ US2003/ 0387§8x0.15, 3.57+0.07, and 3.42+0.07 Angstrom and at lcast one metal cation
selected from Groups 1-4 and 7-16 of the Periodic Table of Elements, wherein the
metal cation is present in an amount of at least 0.5% by weight of the catalyst,
whereby selectivity of the catalyst to produce monoalkylates over polyalkylates is
improved as compared with the identical catalyst but without the metal cation
present.

[0007] Typically, the metal cation is present in an amount between about
0.5% and 5.0% by weight of the catalyst.

[0008] In one embodiment, the molecular sieve is selected from MCM-22,
PSH-3, 88Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49 and MCM-56.

[0009]  In one embodiment, the metal cation is selected from Groups 1-4 and
12-16 of the Periodic Table of Elements. In another embodiment, the metal cation

is selected from Groups 7-11 of the Periodic Table of Elements.

[0010]  The aromatic feed may comprise benzene and the alkylating agent may
comprise ethylene or propylene.

DESCRIPTION

[0011]  The present invention is directed to a process for producing a

monoalkylated aromatic compound in high concentration, such as ethylbenzene or

cumene, by reacting an aromatic feedstock, such as benzene, with an alkylating



'3 agent, such as ethylene or propylene, in the presence of an MCM22 fanily

-desi gnations described in the CRC Handpook of Cheinistry an

catal yst containing at |east 0.5%by weight of at |east one netal cation

from G oups 2douhs107- 16 of the Periodic Table of the El g a}sz y}s}’?%@épégth

Edition, CRC Press, Boca Raton, Florida (1997)). [0012] The term "aromatic"
i n reference agentf lgmhahkyﬂazﬂembltﬂ popplenk)da thhimhsenes of meMUIMIipRr ﬁxirm’lyi S to be

understood in accordance with it r sSco ch.ing¢l udes al kyl
substi t ut ed &ﬁfﬁfﬁﬁgﬁ'ﬁ@fl?”&ﬁte a (ig'g %ﬁ ebé%y‘ﬁﬁ%td]@% (Pn@o‘?i‘ﬁt&llﬁﬁféon Hpounds of
an aromatic ghanRclef drhal1sPesIRS PRt THOR! MR Flebit® (WG WipRLOVI ded

~they do not act ‘as catal yst poi sons under the reaction conditions sel ected.

-

100131 Sui taldbﬂgrmtmnatdﬁ@cribpdrmdhﬂib’%@ Handboafe ob Eiewisey arabRipsatse78th

ant hr acene, ht r ne and phenant hrene, with benzene
bei ng prefer ?@g negﬁ‘?]%ef{])%toﬁ%ﬁ 'y]fcl 5"0@%@7 Bnich can be present as

substi tuent s [og2] t heTiay @At afont@idP Y Rdere i 31 tRe AkeTtabld Sorafitats AAidhar bon
atons and usually fromabout | to 8 carbon atons, and nost usually from

about 1 to 4atarssH heresms to bewderstomseinaacrgndandenyitia i srtgeepanizgd seeeusef ul in

the brocess QhiddiRhale TP dBNEE bl Sl HEEee NorRl | AP Lol Ot C

organi ¢ conmpound havin nore avai I ng al I'C groups
capabl e of reaﬁpmﬁmsv\nadanﬁdmdabkmh atoaftie charaoteRthat posseRoa heterdatoim aeanpl e
with the al ky] ating _group possessing froml to 5 carbon_atons. Exanpl es of
sui tabl e al k¢l SatliSﬁgﬂaxgemd@dath@f Sloepothactsefc Katalyse pRpPRh anderihs ippelind.  t he
butenes and  the Q&% al cohol s (inclusive of nonoal cohols, dialcohols,

alcohols etc.) suc as nmet hanol , et hanol, the propanols, t he but anol s,
a d the pent §dBE; £1d’eabgedesomauh hydrboarbuisdeimyiﬂldﬁ a‘oenf.teab,detlmpﬂ&n,alene,

r opi onal dehyd but yr al deh d n-val er al hyde d al k hal i des such
D P oty e hiBiaches, RaphiRce seoiane! EHRnsa e Nitraphide. il begms
chlorides, apgp l@.eefeﬂsdlt mlenerhhpmedﬁm ARhsSPhitR Chdbe %érﬁ]as%%we%% of Iight

ol efins are use as alkylating agents in the alkylation process of this
i nventi on. Aonéhajmmayc cmppum@somnéitdny|1etﬁetboutpip‘?ofzﬂ,rb@hatonmpéme@alwand/ or

R
{0014] The alkylating agents which are useful in the process of this invention
generally include any aliphatic or aromatic organic compound having one or more
available alkylating aliphatic groups capable of reaction with the alkylatable
aromatic compound, for example with the alkylating group possessing from 1 to 5
carbon atoms. Examples of suitable alkylating agents are olefins such as ethylene,
propylene, the buienes, and the pentenes; alcohels (inclusive of monoalcohols,

( dialcohols, trialcohols, etc.) such as methanol, ethanol, the propanols, the
butanols, and the pentanols; 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.

[0015] Mixtures of light olefins are useful as alkylating agents in the
alkylation process of this mvention. Accordingly, mixtures of ethylene,
propylene, butenes, and/or pentenes 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



etc., naphtha cracker off-gas containing light olefins, refinery FCC 4
propane/ propyl ene streans, etc., are useful alkylating agents herein. For
exanple, a typical FCC light olefin stream possesses the follow ng
conposition: W % Mle % Ethane 3.3 5.1 Ethylene 0.7 1.2 Propane 4.5 15.3
Propyl ene 42.5 46.8 |sobutane 12.9 10.3 n-Butane 3.3 2.6 Butenes 22.1
18.32 Pentanes 0.7 0.4 C (0016) ReactioQ products which may be obtai ned
fromthe process of the invention include ethyl benzene fromthe reaction of
benzene with ethylene, cunmene fromthe reaction of benzene wi th propyl ene,
et hyl t ol uene fr grophhepropRagtstreansétct aleusefel alkyldingtabgtitelheeeinc forexample; om t he

reaction of tolueng w . pr | ene, and sec-butylbenzene.fromthe reaction
of benzene and ﬁ%‘i%éghgﬁtﬁg WH@"%?F%?A’&? F@H*ﬂ?&f@@?gsm‘éﬂ'conduct ed such

that the organic reactants, i.e., the alkyl agghke aromatigeregpound and the
al kyl ati ng agent, are brought into contact WitTh an al kyl ation“catalyst in a
suitabl e reaction zoh ch as, for exanple, B8 a flow reaétlor contai ni ng a

fixed bed of the catBithylhe conposition, under @fff ective al kyl2ati on
condi tions. Such conpighifns include a tenperatyrse of from jghout 0C to about

500C, for exanple be bout 50C and about C, a pre e of from
about 0.2 to about 2E3 @?nrfcgspheres (20 to 252 %ggPa), for s‘%ilg;rrpl e from

about 5 to about 100 IJrﬁi’?pheres (500 to 1010 l?Pa), a mol d>ratio of

al kyl at abl e aronati c2EY#EBUNd to an al kyl ati ng3dgent of fromfabout 0.1:1 to
about 50:1, for exanPitendsr om about 0.5:1 to alB@dt 10:1, and8a2f eed wei ght
hourly space vel oci patfks bet ween about 0.1 ang. 7500 hr-', f @i exanple
between 0.5 and 100 hr-I. 100181 The reactants can be in either the vapor

phase or partially or
[0016]  Reaction products which may be obtained from the process of the

invention include ethyibenzene from the reaction of benzene with ethylene,
cumene from the reaction of benzene with propylene, ethyltoluene from the
reaction of toluene with ethylene, cymenes from the reaction of toluene with
propylene, and sec-butylbenzenc from the reaction of benzene and n-butenes,
[0017] The alkylation process is conducted such that the orpanic reactants,
i.e,, the alkylatable aromatic compound and the alkylating agent, are brought into
contact with an alkylation catalyst in a suitable reaction zone such as, for example,
.in a flow reactor containing a fixed bed of the catalyst composition, under
effective alkylation conditions. Such conditions include a temperature of from
about 0°C to about 500°C, for example between about 50°C and about 350°C, 2
(" _ pressure of from about 0.2 to about 250 atmospheres (20 to 25250 kPa), for
example from about 5 to about 100 atmospheres (500 to 10100 kPa), a molar ratio
of alkylatable aromatic compound to an alkylating agent of from about 0.1:1 to
about 50:1, for example from about 0.5:1 to about 10:1, and a feed weight hourly
space velocity of between about 0.1 and 500 hr, for example between 0.5 and
100 hr'.
[0018)  The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, ie., free from intentional
admixture or dilution with other material, or they can be brought into contact with
the zeolite catalyst composition with the aid of carmer gases or diluents such as,

for example, hydrogen or nitrogen.



"conpletely in the |liquid phase and can be neat, i.e., free fromintentional
adm xture or dilution with other material, or they can be brought into

contact wi , olite catal yst conposition with the r gases
~or dil uent‘;svaszg‘scﬂééﬁ for exanple, hydgogen or nitrogen. @6%/%8%%%@

PCT/ US2003/ 038709 [0019] Wen benzene is alkylated with ethylene to produce
et hyl benzene, [0019] al Whkabeene Badltylaead e dﬂwlamrtbipeﬁﬂmatetﬁym;emhmd thgui d

phase under copdjtions jncluding a t er at e be n 30 and 600F (about
150 and 316C): alk %‘Ytlone%aﬁfﬂneﬂlﬁbét%é?’mﬁg%ta‘ﬁd ob@lé\aﬁ@@ HEUPE0C), a
pressure up tohcpaiabih 2Ry eﬁﬁﬁ@%%éﬁ?%O()Qgﬁcf%obﬁalaboﬁprlS@X%E@B?ﬁd@t‘f@re” 400

.and 800 psig (2860 - and Pa), a feed weight "hourly space velocity
‘bet ween about eﬂamllled:wtwm 4&0-11 and f569°Fe(<aimpﬂ 20956t amke 260 Cunal pBeshifre upbased on

alkylat on 1 castbPop ARfergef pOSE: kPory el RSReR ahd abd et b (B38| "

[0020] When bentssmm ta)ad fokd alcBfit Mbdrly @a@@wm@ Bebw B GE0.¢ WAB DO hr't he
reaction may al so take place under I'iquid. phase conditions including a

tenperat ure oforgsampledisivecnolsand 6 #rpy b@ﬁéﬁplﬂéﬁ eipylene s andesoglar fagio exanpl e
from about 10/ tb%n?&%% 2Rt Iefe@t %ﬁﬂ%ﬁn?ﬂ %E’t%'{”fro%ﬁl% rga?pg(% %%%525%'3?)

or less, for exanple from abou a at nospheres 00kPa) ;
a nolar rati @off abdoaelhenzene to the propyl ene of fromabout 1:1 to about
30:1, for exanple fromabout 1:1 to about 10:1, and a feed weight hourly
space vel oci t 0P ¢ ' Whembenzens inplkylabeds Bty propylers to preducexaimsng theom 5

i 11090 O lachf Sl ats D SBREpdeC tlacr 3EH pRE: alokithd Ol ¥t of

the present invention a crystalline cular sieve having an-X-ray
di ff racti on ptmperaiben] updtomj:odt BFRCE iy emmpmaaupm ab@it 40025, foﬁ c2mils,

SOTER U o R SR R R AR T
i nvention ar eopiysﬁlfeﬁéxabﬂplﬁt@ﬁsiamm%%oqv@@ aﬁﬁbgpﬂeﬁeb%m@ﬁe) mmcpﬁboubl et of

copper as the incident radiation and a diffractometer equipped wth a
scintillati onmolarnmeiée 0§th¢ @yswﬂattb@lpmwba@ ef frigm ﬁb@tdcﬂl tOed:tqubﬁoéyﬁctrem

B o A
from about 5 hr to about 250 hr”, for example from 5 hr' to 50 hr”, based on
benzene feed.
[0021] The alkylation catalyst of the present invention is a crystalline
molecular sieve 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 Angstrom. The X-ray

diffraction data used to characterize the molecular sieve material used in the

: \.

catalyst of the invention are obtained by standard techniques using the K-alpha
doublet of coﬁper as the incident radiation and a diffractometer equipped with a
scintillation counter and associated computer as the collection system.

[0022] Materials having the required X-ray diffraction pattern are sometimes
referred to as molecular sieves of the MCM-22 family and include MCM-22
(described in U.S. Patent 4,954,325), PSH-3 (described in U.S. Patent 4,439,409),
SSZ-25 (described in U.S. Patent 4,826,667), ERB-1 is described in European
Patent 0293032, ITQ-1 is described in U.S. Patent 6,077,498, ITQ-2 is described in
International Patent Publication W097/17290, MCM-36 (described in U.S. Patent
5,250,277), MCM-49 (described in U.S. Patemt 5,236,575) and MCM-56



(described in U S. Patent 4,954,325), PSH 3 (described in U S. Patent
4,439,409), SSZ-25 (described in U S. Patent 4,826,667), ERB-1 is described

i n Eur opeqit 2ddaheiio 0293032, 1 TQ 1 is described in U S. PaieRigsossids 498,
ITQ 2 is described in International Patent Publication W97/17290, MCM 36

(described in U S, Patent 5,250 276(7?) MCM 49 (described in U S. Patent
5, 236, 575) andemibesen W Rt 3598105 pcthumprrtlag sisypean be combaredied in U S.

Patent 5, 362, &%Z,)mﬁomﬁF{ﬁiﬁ%ﬁﬂ@ﬁﬁ&@ﬁa&, @&m%h@ﬁ% IsfctPthaf %felvﬁﬂﬁzi onal

manner with an OXI_de b such as alum na, suc the fina
al kyl ati on catlaylpson caalysicnstabstbairesen2 ad 308¢ MsicYe.si eve. [ 0023] The

nol ecul ar sie cat al.yst oyed in th rocess of the inyention,.is

modi f1ed by ¢ HOZkd: e Or e Te St ABPRIeE 3¢ s aoresh B BEOBEIERT hr ough
4 and G oupsismddaReORy e a@fitibh®f BRE bPRbF mhall eatidhs EbANGHups 19Hehgh Bat t he
catal yst contains at least 0.5% bwl ght of such netal cation(s), for

exanpl e from addaroup7sheueh Ifbeflibe Besipdic igblghal EBlemenis supke that theaeatadpgts) . I n

of t he met ar Rt st by SRR Syt R LR ok e BRI ol e P

si eve used i ng.5$ietoPatRResSse BY wdifle dffsteRtinheddl ditibh(s). Mg Bné RirfHodirhsht, the
synt hesi zed, normally contain alkali metal cations in addition to any

or gani ¢ di r eceatadypt seftpins foevationt { Yostoaheutidés by weighhelthe metaligationfslint  of

al kali et al jon ipn - [ i al: . I Y. Smal |
and is signi f@@%ﬁt I ykﬁqgtstg%te ?@R?%{%{%e%f}lzﬁlgi%ﬁ%ﬁfcl)%ra%%dgsuﬁg?élgﬁljlléagmé‘?srgvog

mat eri al . | n thaduvertioa ailkawhenrdhitialle adyhithesizéd) gmdrimally vdohtaim rafkabic gasdlC
directing agent, will pormally be_rg_m)v_ed fromthe as-synthesjzed nmaterial
by nethods VAIPRKHARILOR 1Y Drgandsdirecling agent Hsph njfsyniesise VBB (

converted to i . l.a d j it i tion,
thPenRGh eliealk{lj’ 00 %?tl&f’{rmhe a8 sﬁﬁﬁ%ﬁeﬂﬂﬁﬁeﬁﬁl i8 gb%ﬂagbgg

the required cation or cations rom G oups rough 4 an t hough
16 can then bmmalheod pgersigraficanblyoless Rlzanh Qb6 don wegghin afothe cuoleculsr eeyei n an

aroun {0 excgall 515, UELinElhy, GRACR.UEE S A e AR £

present in thgeas vwNMdiRaly e fé‘ﬂ{o@%&'@ém&h@!@sﬂrﬂﬂesiﬁe&@ﬁ_ﬁt@ﬁﬂaﬁf ikt dsi onal
cations from Goups 1 through 4 and G oups 7 though 16 in an anount

sufficient towel-kngva ire thevast se that she melesular sisve can baeonNaesimthiandiveof 0. 5%
by weight of ﬁ)th?ogeﬁtt%hﬂ.s Y5 accordance with the invention, the required cation or cations

from Groups 1 through 4 and Groups 7 though 16 can then be incorporated into

the hydrogen form molecular sieve in an amount in excess of the alkali metal

cation present in the as-synthesized material. It is, however, also possible to retain

the alkali metal cation present in the as-synthesized molecular sieve and
incorporate additional cations from Groups 1 through 4 and Groups 7 though 16 in (
an amount sufficient to bring the overall cation content to the minimum value of i
0.5% by weight of the catalyst. 7

[0025] In one embodiment, the metal cation 1s selected from Groups 1-4 and

12-16, in which case typical cations include K, Mg, Ca, Ba, B, Al, Ga, Sn, Zn, La,

Ce, Ti, Zr, V, Mo, and W. In another embodiment, the metal cation is selected

from Groups 7-11, in which case typical cations include Mn, Re, Fe, Ru, Co, Pd,

Pt, Cu,_ and Ag.



[0025] In one enbodinent, the metal cation is selected from G oups 1-4 and
12-16, in which case typical cations include K, My, Ca, Ba, B, Al, (&, Sri,
Zn, La, Ce, Ti, Zr, V, M, and W In another enbodinent, the netal cation
is selected from Goups 7-11, in which case typical cations include M, Re,
Fe, Ru, Co, Pd, Pt, Cu, and Ag. 7 10026) There are a variety of ways to

I ncorporate the netal cations into the tal yst. Exanples well known in the
art include wet inpregnation and ion exchange. 100271 Surprisingly, it is
found that incorporating at least 0.5 w'/4 netal cations into the

mol ecul ar si evejiaspl y Therefard & earicny ehtvaysnio embepueas theheetsl alathmtsi iwiot fie  of t he

catal yst to produce nogoal kyl a over polyal kyl.ates .as conpared with the

i dentical cat al §&8¥YBut W’rlplr%u‘f’éf?u’éovﬁle%&ec fnﬁﬁ'dﬁrvéeéé’ﬁ?r.cg?afm’f‘ﬁ@ ion

concentration ofxchafeal cation is less than 0.5 w% the increased

nono- sel ectiviti/ is difficult to. detecrij1é1 Mor eover, alt hough ;he upper limt

on netal cati onl®&Rk enﬁ“‘ipgﬂﬁgﬁ' Brip ftf?‘EPzQI 3% B OTROTABNES & Basti QY (1% met3 he cation

content becones 4aas fitdHhe iktfechRS SevecaiBist ¥ thy iEntichBhdalahy sdlectidity be

detrimental to alkylate yield. [0028) Although the al kylation process of the

invention is highthy casalyede prpducerarpaplyyletsa oy palyakylates aF compatsd Vit the ed

aromati c prOducfdémfctahFatﬁHtlﬂd?thMt%@ R8I cAloh kO M RAEd e QMialthd b nor mal |y
yal ky T as

contain sone po I'ated products, as we unreacted aronatic feed and
t he desired nonwmeatakyitivnds lespthan s Wifcthg ircessadetonaasebasivitycisfdafigult 40 nor mal 1y

recovered by distil! @44 I tQ,: at | . 1 1he

bottons fromt h‘?aét %,n%dr@@ff?gltﬁ}o:i@ggxﬁgﬁﬂgrlgm# él}{fl{]ﬁ%ir(% ?%%%négq?g%cﬁar ate

nmonoal kyl at ed pfooehomb-séleasivitaisthe shtiagl deglenthecomprsderubink thades dn aivithefivi es.

Dependi ng on th&w%w&tcm?ﬂ%@éﬁliﬂ(éﬂtﬁl’ct GePlepducts present in the alkylation
, It may €

reaction effl uent e desira to"transal kyl ate the pol yal kyl at ed
products with H8&Blt i oAdthoughchmelkglatiere groress whxherinrentionds higbbuesldctve of t he
desired nonoal kyl af ' Lied b ' rpiatic feed
to al kylating agentﬁgﬁﬁt?ﬁ%iogﬁ)g?}d%\iﬁ%ﬁ tgt% g%ggﬁip%ﬁ g{eﬁ%gpﬁ?gfﬁ%uch as
above 5:1), it afylatie regtion wilt aormeliy bertzin eomtpolyrdksdatébproductse prweli as
transalkylat 0Nyl dn@RYiell SR he Whrea MLy IRON YRIEL! 3he nRbOCYC!
requiring transalkylation i's significantly reduced Using the catalyst of
the invention asowatipieedis normailyareetymsed by idotbationzand irgeyeled to the alkylation

reactor. The bottoms from the benzene distillation are further distilled to separate

monoalkylated product from any pelyalkylated products and other heavies.
Depending on the amount of polyalkylated products present in the alkylation
reaction effluent, it may be desirable to transalkylate the polyalkylated products
with additional aromatic feed to maximize the production of the desired
‘ monoslkylated species. However, if the molar ratio of aromatic feed to alkylating
L agent in the alkylation stage is sufficiently high (such as above 5:1), it may be
possible 1o obviate the need for a separate transalkylation step. In any event, the
amount polyalkylated product requiring transalkylation is significantly reduced
using the catalyst of the mvention as compared with & conventional catalyst
without the metal cation addition.
[0029}  Where the polyalkylated products separated from the alkylation reactor
effluent are transalkylated with additional aromatic feed, this is typically effected
in a transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as an MCM-22 family catalyst, zeolite beta, zeolite
Y, or mordenite. The transalkylation reaction is typically conducted under at least
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Se as a arison was prepared ru
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MCM 22 cryst 0038]t h Bhe efflutnefromithatrimbliylatibh teacor 6s blehded with alkylation

reactor effluent and the combined stream distilled to separate the desired
monoalkylated product.

[0033] The following examples are given for illustrative purposes and do not
limit the scope of the invention:

Example 1

[0034] The first example compares the results of impregnating an MCM-22

catalyst with a metal ion chosen from Groups 1-4 and 12-16.

- [0035}) An MCM-22 catalyst for use as a base comparison was prepared by

extruding 65 wt % MCM-22 crystal with 35 wt % alumina into 1/16” (1.6 mm)
extrudate. One gram of the catalyst was charged to an isothermal well-mixed Parr
autoclave reactor along with a mixture of benzene (195g) and ethylene (20g). The
reaction was carried out at 220°C (428°F) and 3890 kPa (550 psig) for 4 homrs. A
small sample of the product was withdrawn at regular intervals and analyzed by
gas chromatography. The catalyst performance was assessed by a kinetic activity
second order rate constant based on ethylene conversion and ethylbenzene

selectivity at 100% ethylene conversion (shown in Table 2).

100 to 260C, a

% pr oduce
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I'ng 65 wt %
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extrudate. One gram of the catal yst was charged to an isothermal well-m xed
Parr autoclave reactor along with a m xture of benzene (195g) and et hyl ene
(20g). The reaction was carried out at 220C (428F) and 3890 kPa (550 psigQ)
for 4 hours. A snall sanple of the product was w thdrawn at regul ar

I nterval s and anal yzed by gas chromat ography. The catal yst perfornmance was
assessed by a kinetic activity second orgler rate constant based on ethyl ene
conversion and et hyl benzene selectivity at 100% et hyl ene conversi on (shown
in Table 2). 9 100361 An inpregnated sanple was prepared by taking a

nmeasur ed anount [M86] a detigipregoaiedhsamPgVasaIrepared by taking mﬁﬁémﬂ ﬁ@omn adxanpl e
are given in Tahl %PH{I of
distilled wat ergtl%tél)cgﬁt%ﬁ&gso ti glzt?g%ﬁéﬁan# I a %g@ﬁ'{gﬂ %(lesu ﬁ%ﬁsol ution
was used to |rrpluegdmcévdmngp}ac’emaml‘yﬁ)irmshf dxstd}cplu@teoto Nﬂd#mluimnn@ a wet

| mpregnati on net ho cat al was dri 1 50F) for
12 hours in air ?IE‘I dTh‘ggé'g OSnWaStl%%%tﬁ Tl gREtY g@ Ggﬁ%ﬂﬁg f1 owi ng
air for 4 hour sgmﬁﬁbbemhﬁianmnﬁg Nﬁbaimﬁi@hﬁdmmﬁocﬁame iMpRudAdte dicedy gyt al

3 Ga(N03) 1 10, e S 3 TRPIRGA) S 1o oheprtn o7 BpNshcetingio 3 Y- o NCB) 3

1.24 0.8t 97 L gﬁ)ﬂmgghp & aik PP haut XxH20 1.02 1.6
(N114) 6Mc70244H c?\’g%z 0.8 181837&“%@ gram of the final catalyst was

eval uated for benzene al kyl atlon wi t h giplyd ene according to the procedure
described in the £ 22 ba preparation- Catalyst performance i s conpared

wi th unnodified MOM{SB2mple Mﬁﬂ&"?‘aﬂ}l{lﬁ S | Apougiassd { haMeH Catien a|
nodi fi cation decreaded the lanpunt of pol yial lkyPemsd et eef Gatplyshe | r eact i on
product . 1 KNO; 064 1.6

2 Mg(NO3); 5.28 : 1.0

3 [ GaNOa)s 10.6 1.0°

7 | Al(NOy, 13.52 70

5[ Zn(NOs)y 1.2 08

& | Ce(NO»s 124 08

7 La(NOs)s 1.24 0.8

8 ZrOMNO; ;0 1.02 16

5 [ (NHa)eMorOmn- 450 53 08

[6037]  One gram of the final catalyst was evaluated for benzene alkylation
with ethylene according to the procedure described in the MCM-22 base
preparation. Catalyst performance is compared with unmodified MCM-22 in
Table 2. It will be seen that the metal modification decreased the amount of
polyalkylated species in the reaction product.

Table 2
Sample Activity | DIEB/EB | TriEB/EB | Reduction | Reduction
Parameter {wt %) (wt %) in DiEB in TriEB
(wt %) (Wt %)

Base 41 8.5 0.35 - -
T 20 76 0.1 358 714

2 (Mg) 17 45 0.1 35.8 714

3 (Ga) 40 6.8 0.22 20,0 371

4 (Al) 36 7.0 0.25 17.6 285

5 (Zn) 30 5 0.1 41.1 71.4

6 (Ce) 30 5.6 0.15 34.1 571

7 (La) 34 5.1 0.1 40.0 714

8 (Zr) 30 6 0.16 294 54.2

9 (Mo) 5 5 0.1 41,1 714




Table 2 Sanple Activity D EB/EB Tri ES/ EB Reducti on Reduction Paraneter (w
% (wt %9 in DDESin TriEB (w 9/0) (W % Base 41 8.5 0.35 - 1 (K) 20 4.6
0.145.8 71.4 2 (My) 17 4.6 0.1 45.8 71.4 3 (&) 40 6.8 0.22 20.0 37.1 4
(Al) 36 7.0 0.25 17.6 28.5 5 (Zn) 30 5 0.1 41.1 71.4 6 (Ce) 30 5.6 0.15
34.157.1 7 (|l a) 34 5.1 0.1 40.0 71.4 8 (Zr) 30 6 0.16 29.4 54.2 9
(ivio) 55 0.1 41.1 71.4 to Exanple 2 [0d38) The second exanpl e conpares
the results of inpregnating an MCM 22 catalyst with a nmetal ion chosen from
G oups 7-11. [0039] An MCM 22 catal yst to be used as a base conpari son was
prepared in the sane way as the base sanple in Exanple 1. [0040] An

| mpr egnat ed sam%w prepared by taking neasured anmounts of a netal
cont ai ni ng salt un dependi n on examl e ven in Ta% t hat
P SEeB al HmPA B ST PER RIS NCMAP o

was di ssol ved |$

sol ution of var‘:b@%ﬁmmmg}gﬁoﬁgﬁgéﬂﬁmcﬁgjplgtmqn was used to inpregnate 50
grans of a fresh Sanple of MCM 22 using a wet |rrpregnat|on nmet hod. The

i npregnat ed cat #1038 esMEM- %%C%‘EIYSIZQ)PF'(‘SEQ@F? bs COMmPaTHGD PSS PIEPAIEE 18 o] | owed
by cal ci nation @}eggﬁg g@&gg&sesg}n{% f for 4 hours. Table 3 Sanple

Met al Cont ai ni ng unt used |on in Ganms (WM % of Catal yst)
| CuNC3 1 9 1. o[oogop\gNmnmpggn@ecgsmnple was prepared by taking measured amounts of a

metal containing salt (amounts depending on example are given in Table 3) that
was dissolved in approximately 50 grams of distilled water to yield a solution of
variable pH. The resulting solution was used to impregnate 50 grams of a fresh

( sample of MCM-22 using a wet impregpation method. The impregnated catalyst
was dried at 120°C (250°F) for 12 hours in air followed by calcination at 360°C
(680°F) in flowing air for 4 hours.

Table3
Sample | Metal Containing Salt | Amount used Metal Catton
in Grams {wt % of Catalyst}
1 CuNOs 1.9 1.0
2 AgNQs 0,63 0.8
3 Mn(NO1)2.6H20 1.65 0.8
4 NH3ReO, 0.58 08
5 Fe(NGs); 3.62 1.0
6 Co(NOs) 1.8 0.8
7 (NH3)sPt(NOs) 12.6 1.0

[0041] One gram of the final catalyst was evaluated for benzene alkylation

= with ethylene according to the procedure described in the MCM-22 base
preparation. Catalyst performance is compared with unmodified MCM-22 in
Table 4. As in the case of Example 1, it will be seen that the metal }nodiﬁcation
decreased the amount of polyvalkylated species i the reaction product.



3 Mh(NOB)2.6H20 1.65 0.8 4 NH4ReO7 0.58 DT 5 Fe(NOB)3 3.62 1.0 6
~Co(NO3)2 1.98 0.8 7 (N113)s (N03)2 12.6 1.0 10041] One gram of the fi nal

catal yst was eval uated for benzene al kyl ati on

the procedure described in the MCM 22 base

performance is conpared with unnodified MCM 22 in
be seen that the n#tal
anount of pol yal kyl ated species in the reaction product.
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Activity D EB/EB Tri EB/ EB Reducti on Re

DIEB in TriEB (w

9 (wt

pr epar at

i on.

nodi ficati on

Par arret er (w

% Base 41 Bdﬁ“%é)eQS - -

N (wt

wi th ethylene according to

Cat al yst

Table 4. As in the case
decreased the

11 Table 4 Sanple

in

7

1 (Cu) 28 4.8 0.1 43.5

71.4 2 (Ag) 38 6.7 0.2 21.142.8 3 (M) 32 5 1 o 1 40.0 71.4 4 (Re) 37

5.7 0.12 32.9 65.7 ngg T 1340w 9B Rédﬁéﬁoﬁu Reduc‘ticﬂ 32.9
65.7 7 (Pt) 20 6.( 29. te; pl e gmw 21 hed le
conpares the results of irrpregna I g ‘an v aleé;tt,/vm thbgppger I n
varyi ng anmounts. | 04u1 Fheg—v 22-reat :1}5‘,'3 as—theHase—<conparHson was
prepared in the s§ S y—ats—t P base ZE ..pc '“. E,\'rr‘p!‘,;1 1 0
| npregnat ed sanpl eA%Q“ repgareg-by It akllng & $=Ta:s) !’ﬁt—s f -G r
nitrate (anmounts dérdh nglon BS(;lrrlrlczxél e §iv in|Tamld B)lt 28 o
di ssol ved in appr o)ididfng| v ¥ an® _of3-Hi sti194d witef% vielHd4 sdiution
of variable pH Thé®Resultling3kol uti oh’was uSédl to i Mrdegnat 550 _grlans of a
fresh 5(Fe) 32 5.9 0.15 303 57.1
6 (Co) 10 5.7 0.12 32.9 65.7
7 (Pt 20 6.0 0.12 29.4 65.7
( Example 3
[0042]  The third example compares the results of impregnating an MCM-22
catalyst with copper in varying amounts.
[0043] The MCM-22 catalyst used as the base comparison was prepared in the
same way as the base sample in Example 1.
[0044] An impregnated sample was prepared by taking measured amounts of

copper nitrate (amounts depending on example are given in Table 5) that was
dissolved in approximately 50 grams of distilled water to yield a solution of
variable pH. The resulting solution was used to impregnate 50 grams of a fresh
sample of MCM-22 using a wet impregnation method. The impregnated catalyst
was dried at 120°C (250°F) for 12 hours in air followed by calcination at 360°C
(680°F) in flowing air for 4 hours.

Table 5
Sample | Metal Containing Salt | Amount used Metal Cation
in Grams (wt % of Catalyst)
| CuNO; 038 0.2
2 CulNQ; 0.95 0.5
3 CuNO, 1.52 0.8
4 CulNO; 19 1.0
5 CuNO; 3.8 2.0
6 CuNOs 9.3 5.0
7 CuNOs 19.0 10.0
[0045) One gram of the final catalyst was evaluated for benzene alkylation

with ethylene according to the procedure described in the MCM-22 base



sanple of MCM 22 using a wet inpregnation nmethod. The inpregnated catal yst

was dried at 120C (250F) for 12 hours in air followed by calcination at 360C
(680F) i rwblxowdjorgsmi r for 4 hours. Table 5 Sanple Metal FomUsions/oag7@al t

Anount used I\/Etal Cation in Gans (wnz%of Catalyst) | CuNOG3 0.38 0.2 2
CuNG3 0.95 0. CuNCB 1. 0 6 CuNC3
SUNR 995 Optemationn Bt sl T arbate i PN Bidyl

eval uat ed fomabrrzene al kylation wth ethylene according to the procedure
described in the MCM 22 base WD 2004/ 052810 PCT/ US2003/ 038709 12

preparation. -Catal yst performance is qggpaged with unnodified MCM 22 in

Table 6. Table 6 Sanple Activity DiEB/EB Tri EB/FB Reduction Reductio ’
Par anet er (wt (T()Sa(lmle% i|n Anitigisy i hDiFRMEB | RGER/ERt| Rpdwaios 1 Redugiop. B5 - - 1
0.1%Cu 40 8.5 (.34 - 2.9 | PargBetbey CO¥t B85 5. (wo%h2 41nDiER 7| B TlEB% C32 5.2
0.1 38.8 71.4 |4 1.0% Cu (28 4.8 0[1 43.5 1.4 5 2. O@wCH) 2¢ 4w8%). 1| 43.5 -
71.4 6 5.0% CyBac4.9 0.]1 4214 71.435 10% 6y 2 14.8 0.1 4B.5 71.4 [ 0046]

It will be seeffomthgyre Gothal theTafalysk contarning pniyh §. 1T W %

2 (0.5% Cu) 35 5.0 0.12 415 65.7
3(0.8%Cu) | 32 5.2 0.1 38.8 71.4
4 (1.0% Cu) 28 438 0.1 435 714
5 (2.0% Cu) 24 438 0.1 435 714
6 (5.0% Cu) 12 49 0.1 424 714
7 (10% Cu) 2 4.8 0.1 435 TLA

[0046] It will be seen from Figure 6 that the catalyst containing only 0.1 wt%
copper exhibited essentially the same monoalkylate selectivity as the unmodified
catalyst, whereas the catalyst containing 0.5 wt% copper produced 41 wt% less
diethylbenzene and 66 wt% less triethylbenzene than the unmodified catalyst. It
will also be seen that increasing the copper level above 5 wi% produced little
further ﬁnprovement in monoselectivity and was accompanied by a significant

decline in the activity of the catalyst.

Example 4
[0047] One gram each of six representative metal-impregnated MCM-22

catalyst samples, selected from those described in Examples 1 and 2, were
evaluated for benzene alkylation with propylene to cumene according to a
procedure described below.

One gram of the catalyst was charged to an isothermal well-mixed
Parr autoclave reactor along with a mixture of benzene (156g) and propylene
(282). The reaction was carried out at 130°C (266°F} and 2070 kPa (300 psig) for
4 hours. A small sample of the product was withdrawn at regular intervals and
analyzed by gas chromatography. The catalyst performance was assessed by a
kinetic activity second order rate constant based on propylene conversion and

cumene selectivity at 100% cumene conversion (shown in Table 7).
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produced 4o whdifokaae

whereas the catal yst containing 0.5 wt % copper
di et hyl benzene and 66 W % | ess tri et-pyisbananssreo t han
It will alsasbe seen that increasing the copper
| evel above 5 wt % produced little further inprovenent in nonoselectivity
and was acconpani ed by a significant Bedki’ne in the activity of the

catal yst. Exanpl {0047 o) f g i

met al - i npr egnat e?a 22 %,?i%{l £ %@Erpﬁ eg TEE%%BE dﬁ?ﬁf}ﬁ&t tlu\(glgeec}}l tmn nibed in
Examples 1 and 2, were eya benzen (l“gq/vmth (P ﬂl ene to
cunene accor di ng—te—a—prpcedy ecf‘“ bed—below—bre—gram-of U fal yst
was charged to .alBaﬁeQnt her mal L\I | -lmi izvrll Par r1 6.qn'r o¢ I ave reagtor-along with a
m xture of benzendCoIS6g) |anddSrodyl éhd (2889 The rédetion wdd-Bcardied out
at 130C (266F) aBdP@070 klPa (800 gsi d).5forl  #.hours. A2shmall| safmdl e of 't he
product was withdgB#n at §egud(ar ijntésval g and anal yaed by|gasi.3

chronat ogr aphy. [ Alggncat al yst gper f qr mppnge Was jgssessed My a [KineBic activity
second order rate@RpStan] baged QN pfepyl|eng gCONVErsixn and  Ggien
selectivity at CUTETTE CONVET S shgwmTLIgT Tabte 2 052810
PCTIUSZOO3/0387‘EY£%° Fabte %”San“Ic HEL.‘.tQ DHEB ED4g?r;ifLDg @Luut|on
Reduction Paraneter (wt % (wt % in DEBin TriEB (wm % (W % Base 80
17.1 1.6 - - 1 (Cu) 65 13.1 0.9 23.4 43.8 2 (Pd) 55 11.5 0.7 32.7 56.3 3

(Fe) 40 13.7 1.1 19.9 31.3 4 Al) 62 13.4 1.1 21.6 31.3 5 60 12.1 0.8 29.2
50.0 6 (La) 61 12.2 0.8 40.2 50.0 7
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14 CLAIMS W Caim 1. A nethod for selectively produci ng nonoal kyl at ed
aromati ¢ conpounds and reduced pol yal kyl ated conpounds, said net hod
conprising contacting an aromatic feed wgth an al kyl ati ng agent in the
presence of a catalyst conprising a nolecular sieve and at | east one netal
cation present in an anount of at |east 0.5% by weight of the catalyst;
said nol ecular sieve is selected fromthe group consisting of MCM 22,
PS14-3, SSzZ-25, ERB-1, ITQ 1, ITQ2, MM 36, MCM 49, and MCM 56, to produce
a reduced anount_ of | yal kyl ates as conpared to the identical catalyst but
W t hout the net %on present, said netal cation being selected from

G oups 1-4 and 72216931 t he Periodic Tabl e of EI enents and V, Mo, and W and
wherein the netal cation is selected fromK , . Ca, Ba, B. Al, Ga, Sn, Zn,
Ce, Ti, zr, V, I, Wmehed fee SGIF@VEIRLPTO‘@?I‘&F’BOHW)’M@G arogpgic mmun&ﬁhe met hod

of claim1, whergy T&é‘@ ?@?ﬁglﬁﬁtb&ﬁwxﬁﬁ%ﬁﬁh@ﬁoé% r\% Bauacl.ﬁg aaf the

Peri odi c Tableo The net hod of claim ereint
cation is sel echwenatic dred ritanglkylping ggest in the presercoof 8 Cﬂ‘albfﬁtemﬁﬂmﬂhmﬁent s 4.

1, e, L, Sl 8 B T e

7-11 of the Perio enent s any pr ecedi ng
claim wherein bjwavaglutadaf that daalysf; ssapt esdevular rsievaris aolectet float Weepraupout 0. 5%

and 5. 0% by vvel ny in the
metal cation i s 3%?%5@%‘?5&@%@%%@#' %Bge 1t 2@@ {TPC g&d%?’%\?@%y wei ght
of the catal yst 49, axﬂihﬁcmsd;mpxeducaramwoedadmm oflpaiymwwheaewm&mddo
contacting is C(F)anl ct,eg alt g’Ee ergl?ure of .from about OC to, ag’gut 500C, a
glr{essure of froffcdpytisel gaiglygtput yithaw, fie moal fation Iragspt fald meBhoatign PEWE ) kpa) | a
lar ratio of gsenedfrén Geags 19 andlTky @ttheBerigiz Tabliof Blepienthagtv, 04d,: 1 to
about 50:1, and a {veed wei ght hourly space velocity of from about 0.1 and
about 500 hey and 4et hod of any preceding claim wherein said contacting

is conducted  wherein the metal cation is selected from K, Mg, Ca, Ba, B, Al, Ga, Sn, Zn, Ce,
Ti, Zr, V, Mo, W, Mn, Re, Fe, Ru, Co, Pd, Pt, Cu, and Ag.

2, The method of claim 1, wherein the metal cation is selected from Groups
1-4 of the Periodic Table of Elements.

3. The method of claim 1, wherein the metal cation is selecied from Groups
12-16 of the Periodic Table of Elements.

4. The method of claim 1, wherein the metal cation is selected from Groups
( ' 7-11 of the Pcriodic Table of Elements.
5. The method of any preceding claim, wherein the metal cation is present in

an amount between about 0.5% and 5.0% by weight of the catalyst.

6. The method of claim 6, wherein the metal cation is present in an amount
between about 1.0% and 4.0% by weight of the catalyst.

7. The method of any preceding claim, wherein said contacting is conducted

at a temperature of from about 0°C to about 500°C, a pressure of from about 0.2



at a tenperature of from about 50C and about 350C, a pressure of from about
5 to about 100 at nospheres (500 to 10100 kPa), a nolar ratio of aromatic
feed to alkylating agent of about 0.5.1;4¢0 about 10:1, and a feed wei ght
~hourly space velocity of between about 0.5 and about 100 hr". 9. The net hod
of any preceding claim wherein said aromatic feed conprises benzene. 10.
The met hod of any preceding claim wherein said al kylating agent is

et hyl ene or propylene. 11. The nmethod of any of clainms | through 6, wherein

said aromatic feed conprises benzene, said al kylating agent is ethyl ene and
sai d cont act i ngojabout3h cireespheray (29 10 gl kRak  nipkar igtinoLsemetisfegd &md about

600F (about 15 ; 1 3bguat (20875
%%g nﬁgéar@%f fiBmRb&R DY zem!wo&tgoq, Hdta @pragmmwgp%g%

kPa), a feed welght space velocity between about~0.1 an out 20
hr', based on tvebocdy hifremebdus8d and st 30008 ar rati o of the benzene to the
et hyl ene of fromabout 1:1 to about 30:1. 14. The nethod of any of clains |
through 6, wherein said aromatic feed conprises benzene, said al kylating
agent is propylgne &hdnediod of any petedig didm, wbeardnchiddoathcingtie opduatdir e of

about 10C to about 125C, a_,.pressure of abqut i about at npspheres (100
0 3000 kPay , e plEBHIEF BHBLRPY 3000 2T e T0hS, o siod Febbout 50
hr", based on hgneanaohaesbsphaes GO0 a0100&Ph) agholirhatiden@ematic feed tdhe

propyl ene of f rﬁl@lggguégergi'ojf a Outa&gzlfttola%bl:lli' 10:1, and a feed weight hourly space

velocity of between about 0.5 and about 100 hr.

9. The method of any preceding claim, wherein said aromatic feed comprises
benzene,

10.  The method of any preceding claim, wherein said alkylating agent is

ethylene or propylene.

11.  The method of any of claims 1 through 6, wherein said aromatic feed
comprises benzene, said alkylating agent is ethylene and said comtacting is
conducted at a temperature between about 300° and about 600°F (about 150° and
316°C), a pressure up to about 200 atmosphetes (20875 kPa), a feed weight hourly
space velocity between about 0.1 and about 20 hr", based on the ethylene feed,
and a molar ratio of the benzene to the ethylene of from about 1:1 to about 30:1.

14.  The method of any of claims 1 throegh 6, wherein said aromatic feed
comprises beuzene, said alkylating agent is propylene and said contacting is
conducted at a temperature of about 10°C to about 125°C, a pressure of about 1 to
about 30 atmospheres (100 to 3000 kPa), a feed weight hourly space velocity of
about 5 to about 50 hr'', based on benzene feed, and a molar ratio of the benzene
to the propylene of from about 1:1 to about 10:1.



