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dhis invention relates to a process for produci ng nonoal kyl aromatic
rcohipounds by al kyl ation. Specifically, this invention relates to highly

sel ective al kyl ation of benzene by etjhyl ene to produce ethyl benzene using
zeolite beta. BACKGROUND 10 Al kylation of aromatic conpounds with a C2 to

C4 olefin is a common ' ' omati ¢ conpounds.
An exanple of this reac@ﬁiﬁb&@%aéﬂﬁgw&w&épp@I y is theer
al kyl ation of benzeneFWBWl‘bﬁé-l‘gﬂ-ﬁpT'@dh@: ARYMAIIGEne. As is usual,

several by-products &Y OPEANSUBING: ZENATEBETAICATALASTI™MI i fied sumary
of the alkylation reaction and its comobn product and by-products is given
below. C2H5 * CH2 -CH2 C2H5 C2H5 EB DEB O her Pol yal kylated is * - ' CH CH3
* Benzenes '~ 0_ DPE Heavies C2H5 (Eghp 2 TEB Al though the formation of
t he di et hyl benzene ("DEB") and triethytbenzene ("TEB") by-products m ght,

at first gl amge inhtidhevRetksas RpfRESE tdrPlodutidg @ofblikdi Rofatid tbingalndn of
by alkylation. Specifically, this invention relates to highly selective aikylation of benzene

by ethylene to produce ethylbenzene using zeolite beta.

BACKGROUND

10 Alkylation of aromatic compounds with a C, to C, olefin is a common reaction for

producing monoalkyt aromatic compounds. An example of this reaction that is practiced
industrially is the alkylation of benzene with ethylene to produce ethylbenzene. As is
usual, several by-products accompany ethylbenzene production. A simplified summary of
the alkytation reaction and its common product and by-products is given below:

CiH3s CiHs CaH3
CzHs
@‘ CH? ="CH] ——— - -
{(CzHs)2
EB DEB TEB
@\ Other Polyalkylated
* CH-CHy + Benzenes
15 DPE Heavies

Although the formation of the diethylbenzene (“DEB") and triethylbenzene (“TEB")
by-products might, at first glance, be viewed as a reduction in the efficient utilization of
20  ethylene, in fact each can be readily transalkylated by benzene to produce ethylbenzene

(“EB"), as shown below:




20.ethylene, in fact each can be readily transal kyl ated by benzene tﬁ!iAUEZ%J
produce et hyl benzene ("EB"), as shown below. 05 AUG 2003 2 DEB and/or

TEB Conbi ni ng al kyl ati on and transal kyl ati on can thus maxi m ze et hyl benzene
‘s production. Such a conbination can be carried out in a process having two
reaction zones, one for alkylation and the other for transaikylation, or in
a process having a single reaction zone in which alkylation and
transal kyl ati on both occur. In many cases, a single reaction zone is
preferred over two reacti feEBradanse of>~the'sHiings in capital

I nvestment. 10 In contras direthly-benze apnd triethyl benzene,

1, 1- di phenyl et hane (1, 1- canrgt be ¢Q ted to ethyl benzene by

al kyl ation, and thus 1, 1- represents a Tm€duction in ethylene
utilization efficiency and a | oss of ethylene In fact, the by- production

of 1, 1-DPE and vier d benzepes ot her. than 3.5
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ethylene utilizati op. @gt%?#l?lh t he I deal ethyl benzene rocess woul d form no
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effluent relative to ethyl benzene ormat i on of 20 by- product

i s assuffIYORFFoE 'ﬁrﬂfsfqﬂsﬁce'eaﬁwogeeenm genascbecauspeal the avingsxipecarital on i n
sonme ar gaestdedtear-term m ni num standards for the content of 1, 1-DPE of not
nore than 0.5 wt-% It is useful to point out two key operating vari abl es
of hyi benzene' al kyI ation zones. The fi rst key variable is the nolar

ratio of phenyly, Q,ro?i %eFieﬂ%l?angq%e nurre énieﬁegt ?fﬂcﬁﬂhern? e%e{n%dhit ?-

herein as the pheny isratro
nunber &Pﬁiﬁle foppe isnevgrtedgo ethytbepzens hy aﬂmtamgg.iartdih ug kinDaEi represenmts adur i ng

a speC| [ t h yl. g p t he
cum of S qetpRh) Eiyahe itFaioh CRLARF ap, 5 dBeE e SIS W BREE e By
group hamdeimort oofoel 1-IBLHE earghpdfe theonbeavier polyethylated benzenes other than

15 diethylbenzene and triethylbenzene which are collectively referred to herein as heavies

represents virtuaily all of the reduction in the ethylene utilization.

Although the ideal ethylbenzene process would form no 1,1-DPE by-product, the
current minimum requirement is that the amount of 1,1-DPE formed be not more than 1.0
wt-% of the alkylation reactor effluent relative to ethylbenzene. The formation of 1,1-DPE
20  by-product is assuming added importance and significance in view of the expectation in
some areas of near-term minimum standards for the content of 1,1-DPE of not more than
0.5 wt-%.

It is useful to point out two key operating variables of ethylbenzene alkylation

zones. The first key variable is the molar ratio of phenyl groups per ethyl group, which is

25  often referred to herein as the phenyl/ethyl ratio. The numerator of this ratio is the
number of moies of phenyl groups passing through the alkylation zone during a specified
pericd of time. The number of moles of phenyl groups is the sum of all pheny! groups,
regardless of the compound in which the pheny! group happens to be. For example, one

mole of benzene, one mole of ethylbenzene, and one mole of diethylbenzene each



ol e of benzene, one nole of ethyl benzene, and one nol e of diethylbep%qmmzmn
each 0 5 AUG 2003 3 contribute one nole of phenyl group to the sumo

phenyl groups. The denomi nator of this ratio is the nunber of noles of

+et hyl groups passing through the al kylation zone during the sanme specified
period of time. The number of noles of;ethyl groups is the sum of al

et hyl and et henyl groups, regardless of the conpound in which the ethyl or
ethenyl 5 gro ha ns .to be. For exanple, one nole of ethylene and one

ol e of EHPHLATEAPE 85 heBh AT Ric BeHE RbPRSRA IEURSI TTotipIaBnaiG Sum of
et hyl grfidpatio Wi ABmBRE ofMphdePbf etHyelghiidaepIang Hedlidgh et QIR¥IENQ1_ ABhes of

et hyl groups. The second key variable i's the efféctive concentration of

et hyl enéhe 81¢ sRyMe Reecilisdmariodi S imeoridie mumferel Makes of Al graPs dalhe sum
appr oxi ngtan eyl and Qﬁfen@h@oﬁﬂ@.%?&%ﬁghﬁ? el CJTQ[;S’GAW iln%’ﬁcrfﬁ'@eé}qgl d?r'étljié]'ﬁyl .

reci procal of the nolar Tatlio o groups per ethyl grou accordi ng
to the fapwhappegrettapeefelr expmpley bhenmuojé of athiyehe antmne, molaaf ethyibegzeme
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that a | ow concen on o or_a hi
groups phethgbéndengrooopibutasitwozreded of ethyligpoupsf 1, 1- DPE by- product. The
anount of 1,1 DPE fornmed depends on the square of the reciprocal of the

phenyVet hyl maki secan et viiabe istthe dfReiid dondehtratibal ethyidHacam¥atd Yhe
ratio]-2 Thus, increasing the phenyl/ethyl rati o decreases the anpunt of
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condi t i AscemingHeitheformular ni mi zi ng 1, 1- DPE formation. However, a high
phenyVet hyl ratio increases capital and operating costs that are usually

associated with the recovefsthgéne)sciphsnyietinengiol These costs give inpetus
to a search for an 25 ethyl benzene process that m nimzes 1, 1- DPE

by- pr odugysf iﬁér@&&i'he'ﬁn@ﬁélwyluemg%ﬁwhé@%&% the @BhéhtrakiBn bﬂ@th?l@h@f art, this

search for a comercially-viabl e et enzene process that " not only

produces _a ST kniRRkt 8ok conkbftrdtith & GRy1RRE oM RigR mdlat BiiPBEhen,Ft !
15 groups per ethyl group minimizes formation of 1,1-DPE by-product. The amount of 1,1-
DPE formed depends on the square of the reciprocal of the phenyl/ethyl ratio according to

the formula:
[1,1-DPE] = [phenyl/ethy! ratio]?.

Thus, increasing the phenyl/ethyl ratic decreases the amount of 1,1-DPE formed.

20  Although the decrease in 1,1-DPE formation that is conferred by a small increase in
phenyl/ethyl ratio may be small, it also is very significant, resulting in a high phenyl/ethyi
ratio being the condition of choice for minimizing 1,1-DPE formation. However, a high
phenyl/ethyl ratio increases capital and operating costs that are usually associated with
the recovery of excess benzene. These costs give impetus to a search for an

25  ethylbenzene process that minimizes 1,1-DPE by-product formation at a low phenyl/ethyl
ratio.

In the prior art, this search for a commercially-viable ethylbenzene process that not
only produces a small amount of 1,1-DPE but also operates at a low phenyi/ethyl ratio




4.has not been fruitful. Al of the prior art processes follow the s&AeAUG 2003
wel | - known approach of dividing the al kylation zone into nore and nore

catal yst beds and injecting smaller and smaller portions of the total

et hyl ene into each bed. Wiere the allowed concentration of 1,1-DPE is
relatively high, this approach undoubtgdly confers some benefits. For 5
exanple, if benzene is alkylated with ethylene in a single-bed al kyl ation
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appr oac homesfough of thebteguiréd etl'qlem&pia mjedtdd btmemmebeds tiedrkthk ghedylisttiyh ratid is

t hyl | k t
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our e an e r ro nol -
in the fi"S%SH d[l@tgagd%m@i? thfg ’Hg‘ii& n%éf?@‘ f'PWﬂ'i -pFak% ous
exangl e, dividihgethbedngnd opIREHY that éthflehd if@dtion hedteadury mélpmhﬂ/etnﬂcraﬁ& afd
whi ch vvogl d 25 result in an unacceptable anount of 1,1-DPE formation. In

order t o9%EERRES e BIoBeANAtRYIRNe eenreBlEtiat i ons to those in the previous

exanpl e, the number of beds would have to be increased from4 to 10,
sinply as a ddisigordetéo openate at e lowhphenyliethplatios langHeraisd attain|the dewi o

phenyl 7 crgr RS ot LA ohe Widitare kBRI eckihe, B Phiotyrh, SEERI i e 00T
concent r gearduterd, this peomarbapmroast iseatwviablee Rbrexatifle?2 d®anzene is alkylated W|th
20 ethylene in a four-bed alkylation zone that operates at an overall phenyl/ethyl molar ratio
of 2 rather than 5 as in the previous example, then the phenyl/ethyl ratic ranges from 8 in
the first bed to 2 in the fourth bed, and the highest ethylene concentration ranges from
11.1 mol-% in the first bed to 8.3 mol-% in the fourth bed. Compared to the previous
example, the ethylene concentration in each bed approximately doubled, which would
25  result in an unacceptable amount of 1,1-DPE formation. In order to reduce the ethylene
concentrations to those in the previous example, the number of beds would have to be
increased from 4 to 10, simply as a consequence of the fact that the overall phenylfethyl
ratio had decreased from 5 to 2.

Thus, in response to industry’'s demand for lower phenylfethyl ratios and the

30  market's demand for low 1,1-DPE by-product concentrations in the product stream, the



Seprior art process inexorably divides the alkylation reaction zone Qg gUE2003
| arge nunber of very snmall catal yst beds. Because of a variety of
technical, economic, and practical considerations, this inefficient
:solution by the prior art processes is unacceptable in the hydrocarbon
processing industry. 5 SUVWARY A nethgd has been discovered to
significantly reduce the formation of 71,1-DPE by product in the al kylation
of benzene with ethyl ene using zeolite beta at a low nolar ratio of henyl
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1, 1-DPE by 15 product formation. This result using zeolite beta was
surprising and was not predictabl eSU’!MﬁMMe prior art, which teaches that
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prior art processes using Y zeolite produce more 1,1-DPE and deactivate more rapidly as
a result of using the same diluent components and streams that confer benefits on this

20  invention which uses zeolite beta. A process of alkylating benzene by ethylene at a low
ethylene concentration shows a significant selectivity advantage over one operating at a
high ethylene concentration. By using this invention, ethylbenzene processes can now
minimize 1,1-DPE formation even when operating at low molar ratios of phenyl groups
per ethyl group. With the problem of 1,1-DPE formation now solved by this invention,

25  ethylbenzene processes can now operate more profitably at a low molar ratio of phenyl
groups per ethyl group.

The underlying chemistry believed responsible for the observed results is that in
the alkylation of an aromatic by an olefin, when the concentration of an olefin decreases,
there is a selective decrease in the reaction between the olefin and the alkyl aromatic.

30 The praducts of this reaction are an alkenyl aromatic and a paraffin that correspond to the



G-olefin. The al kenyl aromatic can in turn serve as an active al kyl agisngug 2003
agent and react with the aromatic to formthe undesired by-product

di aryl al kane. The consequence is that one can expect a decrease in the

'ol efin concentration to confer benefits- generally upon the alkylation of
aromatics with olefins. Applying this fypothesis to the al kyl ati on of

benzene 5 with ethylene, the apparently anomal ous formation of 1,1-DPE
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t he et hythbenereakc tarfdrmt e mdeMbﬁpmducfm:awmdned Towe ¢dnﬁeqaéraieysthat and t hat

hydr ogen_t r ansf urs .from ne t et hyl ene. In an vent,
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for mat i calkyiticst ofrgoreatastvitnoleifid) APglyingfthid ,hJ{paﬁgsls Tdﬂ e blRYIQﬂéd @rbéﬁz@héﬂ Zes
11DPEfrg§aH3‘ ﬁ usi n adlluentlntheco i ned to the

al kyPat i'¥ eARaTgly Areialqus HE‘“@H’?yCPfehé QS eerbably fesuits frem theer
at t ai ni ngiidviRg kedtho®d:hyl ene concentrations that are present in prior art
processes. It is generally known that in prior art processes the
concentration of ethylene, in the reaction zone decreases froma relatively
hi gh concentration at the Al et poi nt where “§thylene is introduced to a
relatively | ow concentra at the outl et e nearly all of the ethylene
20 has been consuned. So " h theprio pr deésses, | ow
concentrations of ethylene can occur, especially near the outlet of the
reaction zone. However, it has been discovered that even the |ocalized

hi gh et hyl ene concentraticgnscthat occur in lor art processes at the
poi nt of ethylene injectiQn produce unacce y high concentrations of
1,1-DPE. Thus, it is no ogii(zed +hat~ a dil uest -can precl ude 25

| ocal i zed hi gh ethyl ene centrations and [mze 1, 1-DPE formation.
Moreover it has been recogni zed that sone uents are preferred over

h i n t hat AUG 2003
ot g6 di gret 3 aqu ts us%j it 1S belleveg that the ethylbenzene and the styrene are
chemisorbed on the catalyst, and that hydrogen transfer occurs from the ethylbenzene to

ethylene. In any event, a decrease in the concentration of ethylene affords a decrease in
the formation of styrene and in turn that of 1,1-DPE.

This invention minimizes 1,1-DPE formaticn by using a diluent in the combined

15 feed to the alkylation reaction zone to prevent the ethylene concentration from ever
attaining the high ethylene concentrations that are present in prior art processes. It is
generally known that in prior art processes the concentration of ethylene in the reaction

Zone decreases from a relatively high concentration at the inlet point where ethylene is
introduced to a relatively low concentration at the outlet where nearly allf of the ethylene

20  has been consumed. So, even in the prior art processes, low concentrations of
ethylene can occur, especially near the outlet of the reaction zone. However, it has

been discovered that even the localized high ethylene concentrations that occur in prior

art processes at the point of ethylene injection produce unacceptably high
concentrations of 1,1-DPE. Thus, it is now recognized that a diluent can preclude

25 locaiized high ethylene concentrations and minimize 1,1-DPE formation. Moreover it

has been recognized that some diluents are preferred over other diluents and that



T7.-sel ective choice of this diluent can decease not only the nol ar ratild AS6 2003
phenyl groups per ethyl group but also the formation of other undesirable
by-products besides 1,1-DPE_ This chem stry explains the formation of

‘ot Her diaryl al kanes that correspond to s other olefins alkylating other
aromatics. For exanple, in the al kylat4 on of benzene with propylene to
produce cunene, the correspondi ng di aryl al kane woul d probably be 2, 2-

di phenyl pr opane éZ, 2-DPP). Al't hough formation of 1,1-DPP is al so possible,
2, 2- DPP Sef%?ﬁh%tcr‘ i7eid this| dilbpatican dpeeansy eOtpih iR BokkJalie &f ghend @Rz at i on
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al kyl at ilohrC6fE-ar omatics with olefins. It is another broad object of this
invention to inprove the selectivity of and to decrease the costs of
processes f ohishehexhikyy aixp@msothebanatidre 8f viheh dRinghkaseafitht icBBespond to
transal kyl at i‘op ofbﬂromati cs wth pol%al kyl aromatics. It |s a specific
obj evt SEF RGNS AR CET AT e FiHEXRBWPIRT Bie alky'ation otben7ens (dthhane
(1, 1- DPifopylerd o/ bRidues RRHBS 8RS cdrddip oRERE Ui SryRiKinkRROA8 HRebddly be 2L15.

anot her specific object of this invention to décrease costs associated with

oper at i S¥PheayiBgIRANCLR. FPEERs SAthoygh denatiesi ofg! PR also passibleoR HRERY |
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this invention Is a process produci ng a nonoa aromat'i

aromatic, an,olefin, and Ll.uent conpr.isin t |east. one 20 phenyl group
and at | east Ito'?n% %PE%"“{;‘?‘@SE“%F‘P’@%% |'H'{?r?‘% %ﬁesegqczw%o a?rg“oi?a%escé%asteo an
al kyd at itlon casts eof pFbeeskes dorathengikylstioansf afethatiteWith Gléfhs! enas adoiher bhsad

al kyl ati on zone, in.the. presence of a zeolite beta catalyst to al kylate the
ar omat i (98%‘:% r??ttHE IS\VE'F'Q'QTPF% INPFaYeathe srigslivity| o Bﬁ%ttpc‘:’e”f%%ser aigccrefa of

condi t i @RsceksB@d for i Bid/latidre of Moo Withfoldipg dhdany kdhiaRatidAVofRirgdbtds are a
nol ar ratio of phenyl groups per %I kyl group corresponding to the olefin 25
ﬁtq%iﬂcg

of fromWithRolyalkyharamatics, i i acsnes ghthis invertiog) taminimiza thefoamatiane

wei ght  f 1Hhdiph&Rie 4 IoPE) | bR prdids i 0 i} he

al kyl ation zo‘r}]e, _ofthiﬁgai)gﬂt @E).N/F/élk_gs%ﬁlgr éﬁwkyw@fmrég% Ilﬂs% t he

mol Exul @nother greciie abiact @if dhisningention decrease wostscadsaciatesd with aperating

OSAUGZOQﬁq%tion processes by decreasing the molar ratio of phenyl groups per alkyl groups at
alkylation conditions.

In a broad embodiment, this invention is a process for producing a

monoalkylaromatic. A feed aromatic, an olefin, and a diluent comprising at least one

20 phenyl group and at least one alkyl group corresponding to the olefin are passed to an

~alkylation zone. The feed aromatic and the olefin are reacted in the alkylation zone in the

presence of a zeolite beta catalyst to alkylate the aromatic with the olefin to form a

monoalkylaromatic. The reaction conditions that inhibit the formation of the diarylalkane

by-product are a molar ratio of pheny! groups per alkyl group comresponding to the olefin

25  of from 0.75:1 to 25:1 and a concentration of the olefin, based on the weight of the feed
aromatic, the defin, and the diluent passed to the alkylation zone, of less than

MWao
6.17 x MWa + MWo

wi-%

where MW, is the molecular weight of the olefin and MW, is the molecular weight of the



aromatic. In a nore specific enbodinent, this invention is a process(fatlg 2003
produci ng ethyl benzene. Benzene, ethylene, and a diluent conprising at

l east one phenyl group and at |east one ethyl group are passed to an

-al kyl ati on zone. Benzene and ethylene s react in the alkylation zone in the
presence of a zeolite beta catalyst atgreaction conditions sufficient to

al kyl ate benzene with ethylene to form et hyl benzene. The reaction

conditigns that inhibit the formation of the undesired 1, 1-di phenyl et hane
by- prodﬁ?ﬂ A% a nolar ratio of phenyl groups per ethyl group of from1:1
to 6:1 and a concentration of ethylene of less than 5.5 w-% based on the
wei ght of beliiz éndnoret pRecfive earpdimentdi thige invention ds s@ dprooesshdor| egdatingn
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pr oduct alk ation _zone. .l p anot nor.e
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cat al ystotrmatio of lb@eﬁy@@gblﬁ& pet &hyﬁ@%uﬁnﬂrfaﬁrﬁa Bto 6eRGhd ANcERBAtAERNSF
sufficient to | ate _benzene with ethylene. The reaction conditions

i nhi bi t £HY! eﬂﬁé’?ﬂ%ﬁsmﬁ S Wt %q’ﬁseﬁrﬂme%‘ﬁr‘féag'lt of bgngena ethytensandithe dilugot nol ar
ratigo Opagzanil thﬁrﬂkﬁﬁld?\efzorﬁé hy pEHd‘ﬁHPcSnfnpﬁél m?“e%hﬂbér& Re L@ fleldilue

concentration of ethylene of |ess than 5. - obase on the wel HE of the
conbi neu"ﬂé@ﬁaé’anﬂo'ﬂnﬂ@f akylatien ZQDEeaﬂfh%cﬂfpdutgl captaies Jesse thast M Méf’/ze‘hde— a

di et hy| BRRZRAGNGAD foiZA°R Gty BOhERLK VHRY BN} f dehaf 58 YBHEte pRALL R

reacti on zone Cuent Streamcontal e | S5
1, 1- di presHyiedththealirdationiapeet o et hyl benzene. At |east a portion of the 25
effluent streamis passed to a separation zone where the effluent streamis

separated. [hfanethes im@aspedificembbdiftient/thik ivdntitve isseprcass i tHedPrRdudtion

| ow-_boi Iéntﬂ iLr action ﬁprl sin benzene, a_product stream conpri sing

et Hyl beRZEHEPeHF e ﬁ'i?‘(}! ”Bo?ﬁ‘fﬁﬁ‘“ﬁ%ﬁﬂ CRMPTSINGPENZERE. aneeh ﬁf@'ﬁé”‘and
t he heammaaingaé Hijtlent ar¢dBbindd & RIRdkledmbBine83feh®, ahd BRY B6MBinkd Qfrehhe
process lon of the i_nput streamis Prow ded fromat |least a 0 5 AN

rt
2003 9 Bﬁ*gg ageagtiop 2056. JbeI reagtion zane oRtainma caldlyst Femptisiag aeglite Petaned
froma aed bbermted at Afaction conditions sufficient to alkylate benzene with ethylene. The

reaction conditions inhibiting the formation of the undesired 1,1-diphenylethane are a
20  molar ratio of pheny! groups per ethyl group of from 1:1 to 6:1 and a concentration of
ethylene of less than 5.5 wt-% based on the weight of the combined stream. An effluent
stream comprising benzene, ethylbenzene, a diethylbenzene, and a heavy
polyalkylaromatic is recovered from the reaction zone. The effluent stream contains less
than 1.0 wt-% 1,1-diphenylethane relative to ethylbenzene. At least a portion of the
25  effluent stream is passed to a separation zone where the effluent stream is separated.
Three streams are withdrawn from the separation zone: a low-boiling fraction comprising
benzene, a product stream comprising ethylbenzene, and a high-boiling fraction
comprising diethylbenzene and the heavy polyalkytaromatic. The product stream is
recovered from the process. A portion of the input stream is provided from at least a



effluent streamor at |east a portion of the high-boiling fraction.

anot her enbodi nent, this invention is a process for producing a m)noaﬂiﬁlm 2003
aromatic. A feed aromatic, an olefin, and a pol yal kyl aromatic conpri sing

rat | east one 5 phenyl group and at Ieast two nore al kyl groups

corresponding to the olefin than the fgged aromatic are passed to a

reaction zone. In the reaction zone, the feed aromatic is alkylated with
the olefin and the aromatic is transal kylated with the pol yal kyl aromatic

in  the gUreseBE theObwatMing! RadiRha Tk FaRledstrlRPH I'afﬂnearffamtd BortidM@f the
by- prodgﬂt} inhibiting reaction conditions include a nolar ratio of phenyl

gr oups ueit giyearg Coapleast  partipmoftbe highebalingfeactioand a concentration, based
on the weight of the feed aromatic, the defin, and the polyalkyl aromat i ¢
passed to the rleanotien enthsiimert, tHi:eimbaﬁdmisozf phmess fdtamoMMngGa ﬁomaM@A +

MAD wtO/ he np] ec tof e ol efi is the
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f or mat i qrheafl gibans yhdrbkianst ey gREps @orré§pdd’clﬁ1g3tb€tﬁé BlefibithaN thERed
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the al kyA'8TPER 37 PARSeL i@ SRACHIN 200R¢ At BevieRRih stfPed aematc it the

pr esencexigfiatad dithUBe biefif NHrRy ﬂhBVaﬁ%laf?cE‘ isl t?ans&%%teﬁpﬁrﬁh fighe gbllyh'lk?lpé}bﬂnﬁﬁtph? to
the al kylation of an aromatic with an olefin. Athou benzene 1s the

pri nci pahe AesRace of Feolitg: ketadp, foan @rinonealky aematical wa bywhesuct anmtmg
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t her eof Sfﬁ%?%%ﬂéggng ln@ﬂldé fes o suc ﬁgp )gin%'?’Pgs 313}%'!(?0‘#? &ﬁgf hg‘? enz ene,
pr opy| béﬂiénbaNdaa@oe@ntnawm rhasgd loartbe wm of/therfeed mﬂwtlcethwdlefmnamme and

i ot hy PR Rt PALlCTRE eachTRHE. B AR s TSN T Can be usea

A efins containing from2 to 6 carbon atons are the principal alkylating
agents contenplated for this invédWoon. Exanple g, of such ol efins include

et hyl ene, propylene, 0 5 AU&I12003WR butame- 1 W'tc /5 but ene- 2,
trans- butene-2, and iso-butene. However, ol efins havi ng from 2 to 20

car bon %SI%?@IBW l%?hg?ﬁgeﬁjlér%élbl)ﬁeclﬂhé &e%nh!':u%d 'NIWels th Fold R welg M oPlie

olefin

aromatic These reaction conditions inhibit the formation of diarylalkane corresponding to
15  the olefin.

DETAILED DESCRIPTION

This invention can be expected to be applicable generally to the aikylation of an
alkylation substrate with an alkylation agent in the presence of a diluent. This invention is
more specifically applicable to the alkylation of an aromatic with an olefin. Although

20 benzene is the principal aromatic of interest, aromatics such as alkyl-substituted
benzenes, condensed ring systems generally, and alkylated derivatives thereof may be
used. Examples of such aromatics are toluene, ethylbenzene, propylbenzene, and so
forth; xylene, mesitylene, methylethylbenzene, and so on; naphthalene, anthracene,
phenanthrene, methylnaphthalene, dimethylnaphthalene, and tetralin. More than one

25 aromatic can be used.

Olefins containing from 2 to 6 carbon atoms are the principal alkylating agents

contemplated for this invention. Examples of such olefins include ethylene, propylene,



The nost widely practiced hydrocarbon conversion process to which the 05 AUG 2003
present 5 invention is applicable is the catalytic alkylation of benzene

with ethylene to produce ethyl benzene. Therefore for purposes of
‘sinplification, the discussion herein of the present invention will in

large part refer to its application tgga catalytic ethylbenzene reaction
system The diluent may be any conpound that is capabl e of mxing wth the

al kyl at i nd decre t he concentration of
the al kyﬁ%ﬂ“ﬁg 5%%#‘:"”%29*@? o'ﬂ{% Eeéqﬁaﬁf’ b[“l’%‘ea g‘t“?r Blegﬁ%ﬁi“"?%ffé@t?on
poi nt. | o 26 cadbn nesres sayybd Dadd bestide n{t,)wefﬁis mb@ntld‘rherMQré MhaRgReldiér may
however, the diluent should have a nunber of possible characteri StICS t hat
are consPUSSH with the process objective of producing high yields of

hi gh-purity product. First, the diluent should decrease the nolar ratio of

phenyl groupsfhEsmEst wideiy prgctiagashydnodantzom earoteirsion pccm:ess Be mhéthethe grédumtgh

sui t abl e, 0 ed,, bec e of the cost recovering and
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et hyl bene:tbylbelyzmed Tﬁedefmaefoarpmrﬁds@erkﬁ‘ simplifitation Becticetksidie aatese obtthy | ene
can al kyl ate tolu ene of c mene and produce b roducts that cannot be
Conver t ISPEUAMISTOE WD BT, BRE BlFT P i aRAioRIRR 1Q AarAlAN lianzene

Et hyl ben@asdton systn.al so not preferred, because ethyl benzene can shift the
equi libriumof the alkylation reaction away fromthe formati on of
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our char 0 e de fromits effec imzin
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Hel i um m@mpunar;gomctomrsnehé difeéritrshalie cwceeatsauﬁemsiapfa%eufrphdnﬁ au&@ t hey
cannot %ﬁt to form gyl benzene. M the other hand, a reactive dil uent

or t7andfI RYV9ieYRs 40 1A JRACUSIE RoRe aB‘?d'Eﬂey‘St RiheRgl, sHitahle ks aetePrRferrRthzene,
triet hylﬂt&,@a@@w t9e ighO cHL b redBudling AMBrERingl behsrRY e Belsx@ethBYdi i&g gene,

is preferred because each can transal kylate to ethyl benzene, regardless of

whet her $RUN nat advrisely: affech pthvibamzene yielt cTelyene and isumepe s vt pme;ercﬁd
al kyl at igzagée bitgienal 4RldNY/IRENERBRe BY cEMBXE GRG prdWIRE -protilltts th& Hafhot

be converted readily to ethylbenzene by alkylation or transalkylation, Ethylbenzene is

20  aiso not preferred, because ethylbenzene can shift the equilibrium of the alkylation
reaction away from the formatien of ethylbenzene and because ethylbenzene can react
with ethylene to produce styrene and ultimately 1,1-DPE. Third, the diluent should not
adversely affect ethylbenzene purity. Xylenes are consequently not preferred because
they are relatively difficult to separate from ethylbenzene by distillation. Another reason

25 that xylenes are not preferred is that they can adversely affect ethylbenzene yield by
alkyiating with ethylene. A fourth characteristic of the diluent, aside from its effect on
minimizing 1,1-DPE formation, is that the diluent should increase ethylbenzene yield.
Helium, neon, argon, or inert materials are thus not preferred because they cannot
react to form ethylbenzene. On the other hand, a reactive diluent or transalkylation

30 agent such as a polyethylbenzene like diethylbenzene, triethylbenzene, and so forth up



pol yet hyl benzenes are nore preferred over the heavier polyethylbenzenqg AUG 2003
with 5 diethylbenzene being nost preferred. Wiere the aromatic is ben é

and the olefin is ethylene, the diluent can generally be an al kyl benzene
-having at | east one C2 or one C4 al kyl group. Such al kyl benzenes i ncl ude

et hyl benzene, a di et hyl benzene, a trlﬁihylbenzene, a butyl benzene, a

di butyl benzene, a tri butyl benzene, t hyl butyl benzene, a 10
dlethylbutylbenzene or di phenyl et hane. Dependi ng on the particul ar

aromat i c'An@'Y] ePPYRetRRNZRRE, ~EhPrelergdntbesansd e cash arry| ABesalgdatey aoi ve
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remains less than 5.5 w-% By contrast, in prior art processes for the
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ot her than et hyl ene and al ky ation substra Zene
successf WW@QE:%[H ora | dibytydangengt hat hiributylveerenepn axt  athytbutyimdrerene at o of

phenyl g hi the diluent.to the

Feacti ordtbuRedef orsHRehde ) cRbRRaRY nthE R el e AR Ot § ng

agent, ah¢yewer)tha divnticaaibe ddaliyiated idetertive pf berzbrie) nafithalbky, #ithratedene,

I n wei gh t of alkylating agent remains |ess than that conput ed by
én&’%tr%ﬁng

the follown romul a: MAMA  6.17 X MMS + MMA w-% 0 5 AUG 2003 12 where

M, p, is the nol ecul ar wei ght of the al kylation agent ol efin) and
MMS is the TS &ashen cepditigns ighibiting taiekfgfﬂ@stt|o<lalnofsth1|@swr_rrnd@tstseéJ dlinhenylslapene) .

agent ”e{'?;\*e"“fg?%&;ﬁ‘z‘ﬁ"% BB Blio of e e e o el 2 Pl 87 The
f eedSst ri@Eninvention, suecessful ppergtion Qélommplammmpleenmh gtdwwmcﬂtfm graume
that 0ccyps fafovd 6 £34abhiBled B idttdtiled' B8 diB8SH OB  reaction zone so that the
concentration of ethylene remains less than 5.5 wt-%. By contrast, in prior art processes
for the alkylation of benzene with ethylene, if the molar ratio of phenyl groups per ethyl
group is 6.17, then ethylene constitutes 5.5 wt-% of the total weight of hydrocarbons,
20 namely benzene and ethyiene, that is passed to the alkylation reaction zone. "In the
general case for alkylating agents other than ethylene and alkylation substrates other
than benzene, successful operation in accord with this invention at a low molar ratio of
phenyl groups per alkyl group is achieved by introducing the diluent to the reaction zone
so that the concentration, based on the weight of alkylating agent, alkylation substrate
25 and diluent passed to the alkylation zone, in weight percent of alkylating agent remains
less than that computed by the following formula:

MW aa
6.77 x MWas + MWaa

JWt—%I



The al kylation reactions have a heat of reaction of 233 to 349 kJ/kmolgeg aug 2003
(100-150 BTU/ I b- nole) and are considered to be noderately exothermc.

Al t hough sone et hyl benzene reactors have indirect heat exchange neans to
-renove the heat as it is produced, nost ethyl benzene reactors are

adi abatic, and so the outl et tenper at yne of the effluent stream 10 is

hi gher than the inlet tenperature of tt%e reactants. An increase in the

nol ar ratio of phenyl groups to alkyl groups in the feed streamincreases
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portion of the effluent stream recyc
react or "@Peliqrerene is typisalivefiomi 209 too2B0°Cn(36Rits Sﬂﬁ?ﬁ)eandmférablghfﬂml\zaﬁttageous

for,30 ot di sadvant us for this invention
bec agse F ecycfl ng ooﬁh‘?ﬁﬂeﬁ%%hl%e Bqﬁu@f ‘ﬁ%&%ﬁ OFQH™ 11 the 12a58R 298Re
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di stri bL{[IOI’l does. not occur because 5 he reaction conditlons zeo Ite

beta i s 'CTPRrAEE Geperaly diop dP0°6 (QTR"e")atpupe &xiticat teroperatusa of the alkylation
20 substrate, which may be 475° C (887°F) or even higher.

The temperature rise in the reaction zone may be controlled by adjusting the molar
ratio of phenyl groups to ethyl groups in the feed stream. Minimizing the temperature rise
helps prevent high reactor outlet temperatures, which cause undesirable side reactions
such as cracking of hydrocarbons to occur. High reaction temperatures can also cause

25  vaporization of benzene and ethylbenzene in the reaction zone. In one embodiment of
this invention, the temperature rise in the reaction zone can be controlled by withdrawing
an effluent stream from the reaction zone, cooling a portion of the effluent stream, and
recycling the cooled portion of the effluent stream to the reaction zone. Although
recycling reactor effluent to the reaction zone in this manner may be disadvantageous for

30  some reaction zones, it is not disadvantageous for this invention because recycling



between benzene and ethyl ene that the extent of reaction proceeds at |Eadi6 7003
80% and generally nore than 90% of the way to equilibrium Thus, recycling
reactor effluent to the reaction zone does not interfere in a significant
‘way with the extent of the alkylation reaction, and recycling reactor
effluent nmay be enployed for the purpase of control I'i ng 10 reaction zone
tenperatures. The alkylation is perforned in the |Iiquid phase.
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di l uent t
olefins other than ethylene, this invention may be practiced generally at a pressure of

from 345 to 6985 kPa(g) (50 to 1000 psig).

The weight hourly space velocity of ethylene may range from 0.01 to 2.0 hr-1.
20  The weight hourly space velocity of aromatics, including benzene and an aromatic
diluent having at least one C,+ group, is generally from 0.3 to 480 hr'. In a preferred
embodiment, in which the diluent is a diethylbenzene or a triethylbenzene, the molar ratio
of benzene per ethylene is from 2:1 to 6:1, the weight hourly space velocity of ethylene is
from 0.1 to 1.0 hr”', and the weight hourly space velocity of aromatics, including benzene

25  and the diluentis from 0.5 to 19 hr'.

The principal reaction that occurs in the reaction zone is the alkylation of the
benzene by ethylene to produce the ethylbenzene. [n addition, other reactions can occur
in the reaction zone. For example, the diluent can be alkylated with ethylene or with
ethylbenzene, or the diluent can transalkylate with benzene or with ethylbenzene.

30  Although the extent to which these other reactions form by-products is diminished by the
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feed stream then the reactor effluent stream may also ¢ontain unreacted sthane.

The reactor effluent stream passes to a separation zone, which generally
comprises & benzene fractionation column in order to|recycle unreacted benzene to the
20  aikylation zone, and an ethylbenzene fractionation column in order to recover
ethylbenzene as product from the heavier polyalkylbenzenes. A polyalkylbenzene
fractionation column may also be used in order separate diethylbenzenes and
triethylbenzenes from the other heavier polyalkylgenzenes, particularly where the
alkylbenzene that is present in the feed stream is a dii'ethyibenzene or a triethylbenzene.
25 The separation zone generally does not comphse a deethanizer unless the
concentrations of unreacted ethylene, ethane, or light C,- paraffins in the reactor effluent

are high enough to justify their being separated from the reactor effluent stream.

Zeolite beta is disclosed in US-A-3308069, US-A-4881458 and US-A-5081323:
and a steamed and ammonium exchanged zeolite beta|is disciosed in US-A-5522984.

30 A preferred zeolite beta for use in this invention is a surface-modified zeolite beta
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nitrate to treat % %ercent slurry at 85C, a
important that amd was ing be done under conditions not so severe as to effect

dealumination. The time over which acid washing is conducted in preparing the preferred
15 zeolite is quite temperature dependent. |t is critical in the formation of the surface-
modified zeolite beta that there be no significant bulk dealumination of the zeclite. Thus,
as a general statement it can be said that acid washing should be done for a time
insufficient to effect dealumination. For example, using 0.01 molar nitric acid and 40%
ammonium nitrate at 70°C, contact times of 2-3 hours| are found adequate to modify the
20  environment of surface aluminum without causing significant bulk dealumination. Using
15% nitric acid with ammonium nitrate to freat a 25| weight percent slurry at 85°C, a
90-minute treatment is effective. The template is removed by calcination at temperatures
in the range of 550-700°C. Calcination conditions are weil known in the art and need not
be elaborated upon here. [t also needs to be mentioned that powdered zeolite itself is not
25 usually used as the alkylation catalyst. Therefore, in the more usual case after the
templated zeolite beta is acid washed it is mixed with a conventional binder, extruded,
and the extrudate is uitimately calcined. But the critical portion of the preparation of the
preferred zeolite is the acid wash of the templated| beta according to the foregoing
description. Acid washing a calcined (i.e., non-templated) zeclite beta does not afford the

30 surface-modified material of the preferred zeolite.
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a fresh al kyl ati on catal yst
c accordance with US-A-3308069. Catalyst Dis a fresh al kyl ati on catal yst

co A sample of Catalyst A was used to produce ethylbenzene by alkylating benzene
with ethylene at alkyfation conditions at which heavy alkylaromatics were occluded on the

surface and within the internal pore space of the sample of Catalyst A. After having been
used for alkylation, the sample of Catalyst A hag a content of occluded heavy

15 alkylaromatics of 5 % by weight of the catalyst weight. While being contacted with air,
the sample of Catalyst A having occluded heavy alkylafomatics was heated from ambient
temperature to 650°C (1202°F) over a period of three hours, was maintained at 650°C for

three hours, and then was cooled to room temperature. The sample of Catalyst A after

cooling is referred to in these Examples as Catalyst B.

20 Catalyst C is a fresh alkyiation catalyst comprising zeolite beta made in
accordance with US-A-3308069.

Catalyst D is a fresh alkylation catalyst comprising 80 wt-% ‘ultrastabilized’
zeolite Y and 20 wt-% alumina binder.

In the Examples 1-9 that follow, the net reactor effluent stream is the total reactor

25 effluent stream less the portion, if any, of the total reactor effluent stream that is recycled
to the reactor. Efficiency is defined with respect t¢ ethylene and is computed by
subtracting the weight of ethylene in the net reactor effluent stream from the weight of
ethylene in the make-up ethylene to the reactor, divided by the weight of ethylene in the
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is defined as th
dlethytbenzene and triethylbenzene. This computation of the ethylbenzene vyield

accounts for the total yield of ethylbenzene thati would be produced if all the
diethylbenzene and triethylbenzene in the produ' stream was transalkylated to
10  ethylbenzene in a transalkylation zone and subsequently recovered.

in addition, in the Examples 1-9 the benzene liquid hourly space velocity (LHSV) is

computed using only the make-up benzene and does not include the benzene in the

portion, if any, of the total reactor effluent stream that is recycled to the catalyst bed.

Also, because the molar ratio of phenyl groups per ethyl group (or per propyl group) is

15 essentially the same in the total reactor feed stream ard the totai reactor effluent stream,

the moilar ratio of phenyl groups per ethyl group (or per propyl group) is not significantly
affected by recycling any portion of the total reactor efflient stream.

In Examples 1-7, the catalyst is contacted with g combined feed stream containing

fresh benzene, fresh ethylene, a recycled aliquot portion of the reactor effluent stream (in

20 Examples 1, 3, 5, 6, and 7 only), and fresh diethylbenzene (in Example 6 only). Where a
portion of the reactor effluent stream is recycled to the reactor, the ratio of the weight of

the recycled portion of the reactor effluent stream per|the weight of fresh benzene and

fresh ethylene was 2.0. The ethylene concentration iT the combined feed is more than
5.5 wt. % in Examples 2, 4 and 5, which are the control lexamples.
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A comparison of Examples 1 and 2 shows the effect of recycling a portion of the
reactor effluent stream to the reactor in order to decrease the concentration of ethylene in
the feed stream at nearly the same molar ratio of phenyl groups per ethyl group (5.21 and
3.25). Recycling a portion of the effluent stream in Example 1 increases the
5 ethylbenzene yield, decreases the 1,1-DPE selectivity, and decreases the ratio of

1,1-DPE per ethylbenzene in the effluent stream.

A comparison of Exampies 3 and 4 shows the effect of recycling a portion of the
reactor effluent stream to the reactor in order to decrease the concentration of ethylene in
the feed stream at molar ratios of phenyl groups per ethyl group (4.09 and 4.27) that are

10  lower than in Examples 1 and 2. Recycling a portion of the reactor effiuent stream in
Example 3 increases the ethylbenzene yield, decreases the 1,1-DPE selectivity, and
decreases the ratio of 1,1-DPE per ethylbenzene in the effluent stream, even though the
molar ratio of phenyl groups per ethyl group is lower in Example 3 than in Example 4.

Example 5 shows the effect of recycling a portion of the reactor effluent stream to
15  the reactor at a lower molar ratio of phenyl groups per ethyl group than in Examples 1
through 4, but without decreasing the concentration of ethylene in the feed stream.
With the concentration of ethylene in the feed stream being relatively high at 5.52 wt-%,
then even though the molar ratio of phenyl groups per ethyl group is 1.81:1, the
ethylbenzene yield is lower, the 1,1-DPE selectivity is higher, and the ratio of 1,1-DPE per

20  ethylbenzene in the effluent stream is higher than in Examples 1 through 4.

In Example 6, fresh diethylbenzene was passed to the reactor in order to simulate
the effect of recycling diethylbenzene. Fresh diethylbenzene constituted 4.5 wt-% of the
weight of the fresh benzene, fresh ethylene, and fresh diethylbenzene that was passed to
the reactor. The molar ratio of phenyl groups per ethyl group of 4.54 takes into account

25  the phenyl and ethyl groups of the fresh diethylbenzene. A comparison of Examples 6
and 7 shows the effect of introducing diethylbenzene to the reactor while recycling a
portion of the effluent stream to the reactor at nearly the same molar ratios of phenyl
groups per ethyl group. Introducing diethylbenzene increases the ethylbenzene yield and
decreases the 1,1-DPE selactivity.
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Exanples 1 and 2 shows the effect of recycling a portion of the reactor
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ethylene in the feed stream )
fln days). The feSlﬁtS are multiptied by 100% to give a deactivation rate in percent of catalyst

bed/day.
Table 2
Effect of Recycling Reactor Effluent on Catalyst Deactivation Rate
at the Same Phenyl/Propyl Ratio using Zeolite Beta Catalyst
15 Example 8 9
Catalyst c C
Phenyl/Propyl, molfmol ' 4 4
Maximum temp., °C 180 180
Temp. rise °C 25 23
20 Pressure, mPa 3.55 3.85
Benzene LHSV, hr’ 4 4
Recycle effluent/fresh feed, wtiwt 1.5 1.75
Propylene concentration in combined feed, wt-% 4.7 43
Deactivation rate, %/day 3.45 2.86
25 A comparison of Examples 8 and 9 shows that increasing the recycle ratio of the

effluent stream to the catalyst bed at the same molar ratio of phenyl groups per propy!
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of the reqygledraliquettpartion ofthegaactoTbfiuent: steaaf (it Exammpigho onfy).t e Exeeprl ed

ortion4gf sdhysi I t _ streamper e weight of fresh benzene and
Presh”pr S uieltans B e luefint P K T HRT HIURE o 5 e el Gieam 8S0Ea 11 on
of the weightofnfresimbenzene Dga@@eDé@ctmhﬁoreméélefel’é Getjefng&ﬁdi BNthel éhﬁéd@ion_ _
catg| ys . . tivatign s determ ned by noting the position
of ]?Jhe Ernaé%?érbué‘n% gﬁ%iﬁ'%["[ﬂ“é@j’t "?Pq%glgaﬂge interval of time (e.g., 48

hours) at test conditions. Deactivation_is calculated by taking the
difference in these two positions (-iﬂs’flilches), di viding by the bed | ength
(in inches), an e i vidi b tinme.i rval (in 10 days). The
results are nul %ﬁ%ﬁégd yC’{{Q%q&b{Of%néoaéa@bﬁgﬁqqﬁtlp%@gdpH per cent of
cat al yst Catalystdeactiwdtion Ratehbf hetSaole RREMUENYRBEE tUstig Zdditere @taté?'%;t Cat al yst
Deactivation Rate at the Same Phenyl/Propyl Ratio using Zeolite Beta

Cat al yst 15Exanple 8 9

Exampie 10 11
15 Catalyst D D
Phenyl/Ethyl, mol/mol 5.0 5.0
Maximum temp., °C 240 240
Pressure, psi(g) 550 550
Ethylene LHSV, hr' 0.3 0.3
20 Recycle effluent/fresh benzene, wt/wt 3 0
1,1-DPE/EB in reactor effluent, (wt-%/wt-%)x10? 2.76 2.45
Deactivation rate, %/day 2.5 1.7

A comparison of Examples 10 and 11 shows that increasing the recycle ratio of the
effluent stream to the catalyst bed at the same molar ratio of phenyl groups per ethyl

25 group increases the ratio of 1,1-DPE per ethylbenzene in the effluent stream and




Cat al yst CC Phenyl /Propyl, nol/nmol 44 Maxi mum terrp C 180180 Tenp. ris %
2523 20Pressure, mnPa 3.553.85 Benzene LHSV, hr' 44 Recycl e effl uent/Uffréﬁrh 03
feed, wt/w 1.51.75 Propyl ene concentration in conbined feed, W-%4.74.3
"Deactivation rate, % day 3.452.86 25 A conparison of Exanples 8 and 9 shows
that increasing the recycle ratio of e effluent streamto the catal yst
bed at the sane nolar ratio of phenyl groups per propyl 0 5 AUG 2003 21
group decreases the rate of catal yst deactivation. Al though these data
showi ng a decrease in the deactivation rate were obtained while Catalyst C
was usetnctanses mye sdte of bataiyesneeui:ttvbtiqn'r.op'yhe,ﬂﬁ confraststoekbiitevisdla t fadliteaysi mi | ar
decr eas H&S]Hang te of cata % L dé.acti vatlg@] woul d be observed if

Cat al ys TENGE & rstegsasialreay [ERYERE reRgler tene. s Exanples 10 and 11,
are control exanples using zeolite Y in which the catalyst is contacted

Wi th a conbined stream conprising fresh benzene, fresh ethylene, and a
recycled aliquot portion of the reactor effluent stream (in Exanple 10
only). In Exanple 10, the ratio of the weight of the recycled portion of
the reactor effluent stream per the weight of fresh benzene was 3.
Deactivation rates were determ ned by the calculation 10 nethod descri bed
previously for Exanples 8 and 9. Table 3 Effect of Recycling Reactor

Ef fluent on 1, 1-DPE Formation and on Catal yst Deactivation Rate at the
Sane Phenyf/Ethyl Ratio Using Zeolite Y Catal yst Exanpl el011 Catal yst DD
Phenyl / Et hyl , nol /ol 5. 05. 0 Maxi mum tenp., C240240 Pressure, psi(g) 550550

Et hyl ene LHSV, hr'0.30.3




Recycle effluent/fresh benzene, wt/wt30 1,1-DPE/EB in reactor effl Uﬁgt

(Wt -9% w -9 x1012. 762. 45 Deactivation rate, % day2.51.7 A conparison fA”G 2003
Exanpl es 10 and 11 shows that increasing the recycle ratio of the effluent
'streamto the catal yst bed at the sane nolar ratio of phenyl groups per
ethyl 25 group increases the ratio of 1,1-DPE per ethyl benzene in the
effluent streamand 0 5 AUG 2003 22:i es the rate of catal yst
deactivation. Thus, in contrast to z%bet a, zeolite Y's performance

worsens as a result of r%cycl [ nqg reactor effluent. 0.5 AUG 2003 CLAIMS |. A
process for product FEPCESSHALEANEYS a et kU apmmabcicOPRESP8) passing a f eed

aromatic, an golefin, .and a diluent co i sing at | east ane roup
and at | east 3ne ABFEIGHP If?ﬁddﬁlf’g’ﬂﬁc’c%]r&gé’b’o i % ’W%’i?ﬁ’i%“glpgfal&)E&%é]ﬁeqsai d
feed ar 1 Grbish 8 8l feuktadrieORoROARy] fbup R8&EdpBAAiHRIE shideslefal @ii@tdatd and
said ol ggléﬁ#]:érrl ]gbai d al kyl ati onozongyi% It]}ie prpese]n%e gfl ze%l ite betato
al kyl at deedarainttet arakyetien 2neh said olefin to forma nonoal kyl aronati c;

c) inhibiti n% the formation of diarylal kane by-product corresponding to
said ol efi nbdy opeacting saidssrd) aromeyicnd a1dzoIpEn an said 2B BINEORE R s
conprising a te f ot iRl faghept to
i nt o RGeS Lo Rrchde (@ SIPF FE L sl B BIEUBEE RS
rati o oimdpdeylar@heiqs per al kyl group corresponding to said olefin of
fromO0.75:1 to 25:1, and a concentration of said olefin, based on the

wei ght of sa)d féehibhingrthe fomatan of diasflalianabipaaoet ehirtegpondingatossaid t o sai d

al kyl ati one in.Ste . of less than 0. 17 X + - %
wher ei no%%zlﬂ_é OPEH@’%F%}, éﬁ&_}m\%izaﬂ? a%’fea%’é’flacl\%&&pf‘ﬁ “%’HH’%%‘M rg%n%l ecul ar
vei:ght  gf frosfl 6h°CeRt BPOM@biegsur@ Rdfidlentotibainaw £9d fdedmramatit ialdkYdast a on zone
a product conprising said ) . ]

partial liquid phase, a molar ratio of phenyl groups per alkyl group corresponding to said

olefin of from 0.75:1 to 25:1, and a concentration of said olefin, based on the weight of

said feed aromatic, said olefin, and said diluent passed o said alkylation zone in Step (a),

of less than

MWo
6.17 x MWa + MWo

,wi-%

wherein MW, is the molecular weight of said olefin and MW, is the molecular weight of

said feed aromatic; and

d) withdrawing from said alkylation zone a product comprising said
monoalkylaromatic..
2. The process of Claim 1 wherein said diluent is selected from the group

consisting of alkylated derivatives of benzene, alkylated derivatives of naphthalene,
alkylated derivatives of anthracene, and alkylated derivatives of tetralin.

3. The process of Claim 1 wherein said feed aromatic is selected from the
group consisting of benzene, naphthalene, anthracene, tetralin, and alkylated derivatives
thereof.

4, The process of Claim 1 wherein said olefin has from 2 to 20 carbon atoms.
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nmonoal kyl aromatic.. 2. The process of Caim1 wherein said diluent isf5 AuUG 200
selected fromthe group consisting of alkylated derivatives of benzene,

al kyl ated derivatives of naphthal ene, alkyl ated derivatives of anthracene,
*and al kyl ated derivatives of tetralin. 3. The process of Claiml wherein
said feed arosmti CThé prRESUIEaid PWNelteh s3d O1¢HnGOBHRLE,NGidfeed BiDARITE,

napht hal ene, anthracene, tetralin, and al kyl ated derivatives thereof. 4.
The pr ocieskenzéndg) saidonahldylaromgic i ethplbenzehassadid sharglaikang bycpiededt it ons.
23 0 5 03 5., The proce of. im1l wherein said olefin is ethylene,
sai d feéﬁﬁéﬁﬂf?ﬁﬁc lanFsa“ﬁéﬁ@éﬁg{m@égﬁﬁWmeé‘m?yl aromatic is ethyl benzene,
sai d diaryl al kane - product A s, .1, - di-pheny] sal iiuent is
di et hyl benzené‘. 6. ﬁf%éar%?eg eosflsé%)afl%d ;‘?’lﬁ%qéllg gﬁleﬁﬁ@g??(gﬁg%eh%?g gére(l:)ipyl ene,
sai d f eegomatiobénzehs shidNacHcalkEofhall® ioalnkenk asa0drdiargaikane byrerelucsai d

di aryl al kane by-product is 2, 2-diphenyl propane and said diluent is

di pr opy| bérlirtieay!propanpang sae ddyers ps GPEIPHbENZtRerei n sai d zeolite beta

conprises a calcined, non-t |.at ed sur.face-nodi fied zeolite beta
characteri zed’by hib‘? REPSEY Pg ) LWhsTRR 9P 26pEi bR EADPETES Caj%mﬁ%asur ed

by X-r aynd}m%hﬁﬂéctﬁt?_tsﬁxq& %8@5?}1@@%@ RY beff cidfactesiged b%‘haging?shﬁf'atcé QRin¥ighhs. 8.

The process o aim.| efurt er characterized in that said olefinis

et hyl ene2p biding éreegiegrasmatdsured dyo¥nze photoslaittbinsneoabdepprraraitleast i74.8

et hyl benzene, sajd diaryl al kane by-product is 1, 1-di phenyl et hane, and said
di | uent FEE® ¥¥¥ed fromthe group consisting of ethyl benzene, a

di et hyl benzeng, a ﬁ‘g% g}o'a&%?)g?ﬁglﬁﬁb %ﬁ%}l{g? Eﬁa?f&&%g%pﬁﬁpgaid 8ltfin is ethylene,

et hyl but yl benzene, enzene. o
“ said feed aromatic is benzene, said monoalkylaromatic is ethylbenzene, said diarylalkane

by-product is 1,1-diphenylethane, and said diluent is selected from the group consisting
of ethylbenzene, a diethylbenzene, a triethylbenzene, a tetraethylbenzene, an

ethylbutylbenzene, and a diethylbutylbenzene.
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