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ALKYLATI ON PROCESS USI NG UZM 8 ZEQOLI TE BACKGROUND OF

THE | NVENTI ON [ 0001] This invention relates to a
w@e@eoss1T or produci ng nonoal kyl at ed aronati ¢ PORpS2006i624305

by al kyl ation. Specifically, this invention relates to

hi ghl y-sel ective al kyl ati on and transal kyl ation to

produce ethyl benzene; cunene, and butyl benzenes.

o1 of e  n ke e R DR R Shblef

conpounds are tmo conmon reactions for produci ng
nmonoal kyl ated aromatic compounds. n&les of these

two reactions BAGKGRQUYPOF LBE WM@%I IONI 1y to

produce ethyl benzene are the al kylation of benzene
(0001} t hThisliyvention selates oer nroeass Lripyodrcingmeotioaliofatehearomatic a

comppSis BRI (oAb it BeBOTRless et el S ion

and t&hé’ﬂ%/ BRIy prdeic PRy heRy et "eindie) ndlbuyiedeenes. C H - CH
enzenes DPE HeaV|es [0003] 1n addition to these

[OOO%y pr ddindation of kengtic campotas witharCadp faolefia ap transalkylation of

polya%[yk%orggtr Icéﬁrg@to?lgé ?}%@a 25 rg lhe%eﬁnoglé fi rﬁg%(ﬁﬂmgi’ﬁ 1{0%ﬁtsrfated aromatic

compdliids. Exh@pled of eORoatiBns thitcie factivel yﬁdmeﬂiaﬂyl &Sproduce
hexylbenzenes octglbenzenes and dodecyl benzenes.

ethylbemedns arethe plkylation pEbenesnesvignethyens andithe franspikylatipref hegzene and

Ty N Y

byprddutteidpildicieteme, and tetraethyl benzene (TeEB) isoners
m ght, at first glance, be viewed as byproducts that

represent a reduction in thqﬁﬁ;|0|¢ utilizahimn of
et hyl ene, in fact each can be)readi ?ransalky at ed

05] Conbi ni ng al kyl &

can m@ﬂgm@ﬁget—hy—l—buen

|on can be carried
reactlon zones, one

@\ N Other Polyalkylated

+ CH-CH3 Benzenes

DPE Heavies

[0003] In addition to these byproducts, the C,-C, olefin can dimerize or oligomerize to
form higher olefins, which can react with benzene to form alkylbenzenes having alkyl groups
with 4 to 12 carbon atoms, such as butylbenzenes, hexylbenzenes, octylbenzenes, and
dodecylbenzenes. These heavy alkylbenzenes can be further alkylated to form other heavy
polyalkylated benzenes.
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for alkylation and the other for transal kyl ation, or

in a process having a single reaction zone in which
wa@bkdoyloatsion and transal kyl ati on both occur. | nP@OENF2006/024305

cases, a single reaction zone is preferred over two

reacti on zones because of the savings in capital

investnent [0006] In contrast to diethyl benzene and

i et hyl benzene, 1-di phenyl et hane (1 1- DPE) can not be
[00041ead|A1 oughhthe .erefaltl%o iha dicBibearn lbyn%wlpmdor

e L fff&%ﬁﬁéﬁﬁ%t B30 Shralnc Hpmpreset

a redbdtion idl tetdifjdite nftnaionnd cthylers, iy fabesazk b b@ieddlgiftrdnhﬁkylated by
but yl benzenes_ and octylbenzenes represents virtually
benzgye 2 srodusrcthdbenzens As ShoWRelast:ny| ene utili zati on
efficiency and a | oss of benzene as well. As used
herein, the term "heavies" refers to pol yal kyl
aromati cs other than dialkyl and trial kyl and
tetraal kyl aronmiicpphes,ggyge al .QFH?aS the
same number o \pon atonms as tl
al kyl aromat i cp DI oI|goner|zed
ol efins such as olefinis
et hyl ene, and to ot her heavi er alkylation and
transal kyl ati on byproducts i ncl udi ng di phenyl al kanes
(DPA) and al kyl ated di aryl al kanes (DAAs), such as
di phenyl et hanes (DPEs), al kyl ated di aryl et hanes

[000%]DAE ) ombiiiipg e]ﬂtylaﬁﬁmmﬁﬂmn(smmon&md tialskiydaied ethylbenzene
di aryl propanes (DAPs). The current m nimum requirenent

prodycgion: SHeh heambination sai be earipdioyt i p PHOCGSS HPEING £V ERACHRFY Zones, one
for a ﬂﬁox%al%p% ottt f(’)# ﬁ%ﬁs\é {aBof YA Q %gﬁavnlig & sfn cj,ltlgﬂ zone in
E I1tse |sasumng I npor anc an
Whlch ialiylatio amttearisalkylagon bdth béuer. elnpnaltyadasesna singls ocretion B is
of .near-term.m ni rru standards for. the, clontent of
prefeire% OFIEVBFeaTHion A% DRRst o s SRyings @B TYeStmeRE i ion

ones where al kyl ation and transal kyl ati on occur
[000@r od e eordragign didtinhenze agd gigtitylbenzepnek &;dlnineylaﬂlmm( 1 l-DPE) can
ror PO et DSl ol byl AL

byprcb’dmlc&&l off 1, BDHE, a¢ welpas pitEshaagict polgetyiatet deni2aed dthdt thane
during a specified perio nme. The nunber of noles

methglﬂoelgeye atglrlggg)glbiegzqnﬁ,eang @ﬁﬂ@fbutg/ill}enaeryp ajgf} %blgenzenes represents
wrtuﬂggﬁf&fltﬁél%dgétlohlﬂ?ﬂfe%ﬁﬁﬁ’én@ th%ﬁw effl hetnpg afld ¥1os9bL A zene as well.

ppens t he “context o enzene
As ugpd daredd, tterterof Shicaeteslhefees toqmiyalhyll eronfatlbe uﬂneﬂthan dizdkyhahetrialkyl

of et hyl benzen and di et hyI ene each
and Gl P iom s GO SRS LERP B0 SHTo° PHBDSHHCOIboR Afpms as the
feed BlcfHPR- a].lzghﬁoﬂﬁﬁ&r@oﬁf‘}e&froﬁifdlﬁlgh&dr(ﬁtdh%ofn%n&eheolgﬁ‘ﬂg)s%(ch af

nol es al kyl groups t
butylbenzenes when the olefin is ethylene and to other even heavier alkylation and

transalkylation byproducts including diphenylalkanes (DPA) and alkylated diarylalkanes
(DAAS), such as diphenylethanes (DPEs), alkylated diarylethanes (DAESs), diphenylpropane
(DPP), and alkylated diarylpropanes (DAPs). The current minimum requirement for
combination processes is that 1,1-DPE be not more than 1.0 wt-% relative to ethylbenzene. The
formation of 1,1-DPE itself 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-%.
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have t he sanme nunber of carbon atons as that of the

al kyl group on the desired nonoal kyl ated aromatic and
wokiochopass t hrough the reaction zone during tPET/BEsam6/024305

specified period of tinme. The nunber of noles of alkyl

groups is the sumof all alkyl and al kenyl groups wth

the sane nunber of carbon atoms as that of the alkyl

7ﬁroul,%ﬂon t he desired nonoal kyl ated aromat i
[0007] e g abrtieationgpnesivehespaiiadafian and tiRRsadleylation oapwv PEdugs %y |

o N ORFE 8 R BT AL 1 e e o
group, MEheAuiRetorast thiptatis iofhe altvmper afmal@ssofiasyltghaips plsmfg thliohgh the

et hyl and et hen roups, re rdless e co
reactipp, z%lme, ﬁ@p@ql%g pgegpd g{ h@ﬁy& RYnRe rlﬁ’gﬁk?iﬁ? ups is the sum
of all Ef}g %ﬁ% ?@%ag&é%s&%ﬁﬂe%mgﬁﬂxﬂﬁn%ﬁ{ %@hl l ﬁig)ﬁuﬁ to be. In the

tane nt anes fins
conteat & ethythenda prodnetio) dorcxampleadneonolefof bér:zem; n’oemo&n‘ of

ety e el sl SEAGR-eaE PRSP BBHENE Casam! S ol eyl esetndo the
sum c\FAPh'b?yl ?’Au‘f)s Ofl‘h@ﬁgﬂnn&&’c tﬁ19ra1t1ti &s i MuRber S M1 I8 fUUBS roups that

one nol e of diethyl benzene contributes two
have thelseme aimbetof] ca@pm afosisan thap nEtherelkgl gribup on thetdgsitpdrmenvelkylated

aromfi gt teass BG e R TR Tl B R e PR time.
The IL;.QQQ%f thblek 8§ﬂl€§l?@{p@ id e sy of aqpakﬁcaﬂd @n@ﬁﬁfsgwp@ with the same

i ndustry's denen | ower nolar  ratios o

numbgr oﬁqasqutom boythatef theplign growp oa ths deiswbnispnmﬂmlatzé arogtic,

regar@lp %ﬁ%@éﬂé?%ﬁgﬁgﬁﬁgﬂ? ses f.or t hEO?r O%\?CPHH%F

parafﬁﬂ@a@@hoﬁn&ﬁ@&ﬁqﬁtﬂé%n@m iRy Erk qﬂodu@u&rl @iy ﬁunﬁtibﬁbfﬂloles of
reduce the formation of diphenyl al kanes and/or al k

cthyl graspaisithe sum phalhethylland edhand seipp.aegrsdiaismy ﬂtecpomn%ﬁ& ingyghich the

ethyl léetg?ncyggr gﬁﬁl%ng g)?lgeﬁa c%éé tﬂaﬂ B C'cﬁ‘ﬁn &;c?whagtet;lgﬁ% @K'og) gl—butane

isobuGdeBitatanby afd Kighatpatufifinisare ex@uﬂed droaatha lcmpﬁtaﬁmﬂéiahﬁnmgber of
UZM 8 zeolite. Theprocess disclosed herein s
molepaf tind granosy Feresapleapnempleaf ayigpe g ons agle gf gihylbenzene cach

cons S48 RO TR AR WS efosoicTe

diethgbbnend eshtrilgitéswab mvedesodf etﬂydaglfoapsiamlrmmmle of Meﬁrylbenzene
al kyl ati on cat al yst bed_cont ai ni 8 zeolite
conte i SREr SOIBR BRIk dRTe FOpIoberia g 6ol eprrae KRG E moles of
ethylg ubFe feed aromatic, the C2-C4 olefin, and the
?( ‘ated derivative of the feed aromatic passed to

[000§] he Hl resgon%g 90 fha ﬁycggcgar&%r})rgges&ﬁé ﬁltdhéﬂ‘a}) ¢ demands for lower molar ratios

of aryl groups per alkyl group and more efficient utilization of feed olefins, improved processes

for the production of alkylbenzenes are sought.

SUMMARY OF THE INVENTION

[0009] A process has been discovered to significantly reduce the formation of
diphenylalkanes and/or alkyl aromatics with alkyl groups corresponding to dimerized or
oligomerized feed olefin in an alkylation process to produce alkyl aromatics, such as

ethylbenzene and cumene, by alkylation using solid catalysts containing UZM-8 zeolite. The
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hi gh, such as at nost 17 wt-% at nost 10 wt-% or at
nost 5 w-% The concentration of the C2-C4 ol efin may
wQ@e@7moahbi y be positive and near zero in circuPGl/ERNEE)24305
but m ni mum concentrations of 0.1 w-%or 1.5 wt-% nay
al so be used. The al kyl ated derivative of the feed
aromati ¢ may have fromone to six nore C2-C4 al kyl
groups than the feed aromatic, and preferably the
procesb kl:;;sblaseeidled@n ismrtioubarliyasdubht alldw ol as dtatisy oft arylegréaypls ated:-Cs alkyl
erivat he feed aro The al.kyl d
EroupShi R R et hE B R RIS B FY BT DN b DleG 30 spelfoiaed
derivaflvAhPIRE BRtnatit KAk ARDNRRE 548 dontaitn S URARZESIt8 " The
al i quot re%/cl ed portion of the UZM 8 zeolite bed

concerftfatior af the A1(al defin/esisgd orothe aetalihe! the faed aramatiguibe Co-C, olefin, and

e oA Rl R SR U2 R e ety
highWat194 at Most hﬁwt-%% @t ﬁbﬁm@tm%a&@t trloet Lat-G meafohébmﬁu@i of the

| east O0.1. her ratios of at least 1.0, 2.5, or, 4.
Co-Co glefinimay prefora gbydoe PPRitige prdsRAaT Zaue IhgiTcHmsNeas, @ﬁmrlwm
conc%rgrrrr%oﬁss ‘mglu%e% P//;l §re 1rzg —Is(,)}f) ?’? 0 %5‘ {lpgd d%’h?%ﬂ(gﬁ%%(?eﬁlg%@e otf?he feed

aroméHs mag ha\w@ﬁn@sﬁaﬁi $ix frioenTl- tlgamyll @asupa ltmanztﬁ@fseﬁ eﬁmwejand
as beta (fa ZSM 5, PSH-3

prefesghly MRl e dspivalfvein s diallgiad Qiﬁﬂiﬂ%‘éfé@; deryaiie Rmhatfqeﬁ@romaﬂc
TheQWFa‘?éa%erﬁtﬁze %yg %&0(1&5(?@“’1@ M-8 e(}ﬁﬂ% HOFinn éﬁ)cess stream,

uent rec C howe. & signiticant selectivi
and @elfeeablyate stréaniﬂl‘m&hqlﬁm fréclyeled poruem df tha $I7M8 zeblit@ bed effluent. A

zeolite used jn prior art ocesses. usi
relatwﬁwé%%@n&%@f&%ﬁlqﬁe?@mong R one b A SRS @ ratio of the
Welgg{ ﬂg?é%ﬁ@egﬁ}ggﬁ’g‘ytg% 4 d\ﬂB]ﬁ@d el FRNOd arbnhi PRk B, QF, olefin

ucts evén whil'e operating
of at ;kraslf() 1. aHigheJa)tatibm\f atibdasirl.0,2t3, os4.0fcamalyd bgnsedpd h;seresult using a solid

catalfit oo aNins HEMLR 7eetie Rt St (WM E reafe s a i fueimgred

strucmf@%a /s P&féﬁiﬁn&@w%&t pEARY DI hORRR %M%Qol[t@sséﬂch §s beta,
is believed the unique |ayered structure of

Omegae B8M-8, REtk-8sMEM22aMEM 65 MICM-49 cdnd MEMyE6.nu nber of
catalytically active sites near or on the surface of
[0010he UdMiBylated proeess Ghﬁkylamrgdﬁ:hk@nle astlﬂm‘oh}&éneap’ropylbha; er butene
site, the resulting naléylated aromat | c_can

using @félamtyeqyelﬁéb@as # Bty advanfqgs 1 %Mc%%eotiﬁe‘s used instead
t
ora (BRI FlrBRHEL 7ty LS hAa! O Syt cne o
cumérieeproaesses par 1ovo frumlhmzaﬁ)nnaﬂohplf af1daPR anxifa]t otberfundesitell yproducts
ve siite. Thi rkin es Ia| s.the
evenig e RgRting BRI 101 TR 1ok G BrOSRUPS Elf) Erot.

products when al kyl ating aromatics wt het hyI ene,

IOOIbi/ opyWetheut ligytiag e progaes disclssed haseiatte pry parisulathapsy, @ working
hypo\fﬂegﬂ n?aw b%@ Sxﬁ&:ﬂl‘wa&ﬂs&%? 3t it is peheved the unique layered structure

of UZM-8 zeolite makes available a relatively large number of catalytically active sites near or

on the surface of the UZM-8 zeolite. Once monoalkylation at an active site, the resulting

monalkylated aromatic can be readily removed from the surface. This reduces the formation of
polyalkylated and heavier byproducts. Using effluent recycle with UZM-8 zeolite facilitates the
transport of the monoalkylated aromatic from the active site. This working hypothesis explains

the decreased formation of diarylalkanes and other byproducts when alkylating aromatics with
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| ess 1, 1-DPE and butyl benzenes would form Where the
olefin is propylene for instance, |ess
WwWQ27a0phenyl propane (2, 2- DPP) and hexyl benzenkGST/s20061024305

form and possibly less 1,1- diphenyl propane (1, 1- DPP)
too. In the case where the olefin is butene, |ess
di phenyl but anes and butyl benzenes would form [0012]
US- B- 6, 835, 862 descri bes a process for producing a

cthylamsn oedpidehe tatenes, andbigherodefinei Epraxapmates with ethylene elkutatiog benzene

less %g-ﬁﬁaﬁl%guty nen%%lfe{s Il‘j‘@:l%fd ffg{ergg m%%egﬂlgﬁ{éﬁpg€?r§i)}idﬁeo%or instance, less

20- aheq, i1 Hogy 1B ek dsev GIE for@S arBiskibEy 186121
o sy Il

diphepwipreggme th-DIPRY) fep. dn therrasswhern thesrlefinia buiene dess diberyloanes and

[ ' to the sumof the weights of the
butylﬂa{zeh'{kl \LOLP% Ee{)ggnt

aromat1 ¢ ock and the ol efinic feedstock per said

it i j t 2.5, 0013] US-A-5,877,.37 ]
toon gL ¢ s BB &35, B et RicBins o RS oo RO Moo e prpmgtic
compribirgRis@hOsabnafic &Eds%o;k?/ hDEIBAMB Cocddibek, BhE ﬁ?ﬂlqubﬁfaérﬁon of an
(0]

f weight of recycle effluent per weight of fres

efflugrd sireave ta an dkylationteataljist bedirentayingzaelite suoh ag zepkiteihstappmega,

Z3MEs FStEm SRR GhRaB EM:2p g SFCH e, I AL B Besighpof the
aliquansbriisiesdt valteiatd tef suzh 6F the FeikHAts oF iRk @Batie fedddRk and the olefinic

raphs showi ng the results of tests using reactor
feedspgokingesaid peit (e és moEtiMndH DESCRI PTI ON [ 0015] The
process discl osed herein can be expected to be
[0013]pp| iLERBH B8 G RIEr desénbet o reduetic inyhadrhamt of 1,4:DPE formed in the
al kyl ation substrate. w th.an, al.kylation agent. The.
proaghof inifbeiiea i ianbhuti S gt oD bachlp EERY pel Weight of fesh
benz&Rik B GARAE at LpHeRl/doliyd Sistdririd &fs. ,@oﬂé#)}éhdsetf) QFBREd 6f Wght of
al kyl ation of a feed aromatic with a feed ol efin.
recycl¢ effgenjipebweightnd fiosh faed (i, fresh perizefeand fiash wtefing 062.5.
interest, feed aromatics such as al kyl -substituted
[0014fenz di@res Cdncegraplts showingsthis tesnks getess asihy reaatod effluent recycle.
al kyl ated derivatives thereof may be used. Exanples of
such feed aromatics are tol uene, ethyl benzene,

propyl benzene, and ; ¢é§§ sityl ene,
nmet hyl et hyl benzene,waﬁg ﬁm&eene,
ant hracene, phenant hrene, nethyl napht hal ene,
[0015] rretlihyiprovagstisvidsed bereimredn be expecied to Woapplitddan goemlly éethe

kO I c.can be used. .The f .aronmgt e nmay be.. .
oty R s L St o el i B Sislpsg heinis
mord BREE i) Bplicableqs theréBRAbN FAG bl AroMdtie bly@B&1:3oh @8 eed

may contaih one or nore _ o _

aromatic with a feed olefin. Although benzene is the principal feed aromatic of interest, feed
aromatics such as alkyl-substituted benzenes, condensed ring systems generally, and alkylated
derivatives thereof may be used. Examples of such feed aromatics are toluene, ethylbenzene,
propylbenzene, and so forth; xylene, mesitylene, methylethylbenzene, and so on; naphthalene,
anthracene, phenanthrene, methylnaphthalene, dimethyl-naphthalene, and tetralin. More than
one feed aromatic can be used. The feed aromatic may be introduced into an alkylation catalyst
bed in one or more aromatic feed stream. Each aromatic feed stream may contain one or more

feed aromatics. Besides the feed aromatic(s), an aromatic feed stream may contain non-

aromatics, including but not limited to saturated and unsaturated cyclic hydrocarbons that have
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feed aromatics. Besides the feed aromatic(s), an
aromatic feed stream may contai n nonaronmati cs,
WO p@leE3ny but not limted to saturated and unBEX/USHDER4305
cyclic hydrocarbons that havethe sanme, one nore, or
one | ess, nunber of carbon atons as the feed aromatic.
For exanple, an aromatic feed stream contai ni ng

benzene may al so contai n_cycl ohexane, cycl ohept ane,
the sagife PRfBREn REONedpss YHNbsh efeihpncatons asfbe feed aromaticy gt @%ﬂlmple an

arom i PR afcothif bdDER IV AL ACRIBPER 0B D it
er eo e concentratio eac aro
cyclobﬁ@hesabmmtdheptémdamamnmthlylatequeloﬁs @ﬁ"ﬁn@ oﬂiﬂheh@hﬁﬁi@arbons or
W - % [0016 Feed olefln ontalnlng g
nnxtqg%srtggﬁo fat1hgsongeatraton (tf e %prog}a@ﬁ 1, £3 r%%q,ﬁ ed stream may
M8t @) the process disclosed herein.
Tange rrp[ es @1@@;{}0{] feed ol efins include C2-C4 ol efins,
ame Ien
oo e RSy o DS By o 87 LR i
agentb avte@iplatednfo? tHepradds< disdlofed Metim Bramples ofswdh feed oleﬁns include
ef fecti velf/ in the process disclosed herein. Mre than
C-Coplefinp aamely hsﬂenﬁaproséleaséatenvﬂecs@@@nﬁ?@mﬂw Pgneye and
. r .
iso-bShe, Gk, AP RANERSERLAD BTl Ry ity B8l tfectively
in the@yces ﬂtsalosecb]ﬂh:remr Mat ¢haheme feddeflefitsmay be ashdlL t’]T herfeddoolefin may
the feed olefin(s an oleflnlc f eed ea
be infgeqicsd Hith 8k aly 1pﬁ§ata§/atch? 48 %%1%@#6@ fiha foaearp Bach
olefii@fRd %HB&H% Ena?yf Erp&{b GRS £43 d O'If?édlc{itflofgf the feed olefin(s),
exanpl e, propy ene containing olefinic feed stream
an olefayc fded Gtrean muyrcoptaﬂpmmoleﬁim echeas pataffinathet Hayve ¢the same number
tream con ene SO0 cont.ain
of caspy SRR SHEHD FOF TG BB Soh e g 84 tfopm may
also Jo%ﬁﬁln nglto{p@ﬁé' W bRl feelsPedt cdiRain@ eyldfe thB0Add contain
w'del'y practiced hydrocarbon converS|on
ethanpr a"he smntratlmfcﬂach Feed ptafinen eadhmiefmie deedisreap phayoagesfrom
OOI? t he, catal ytic al kyl ati on of benzene with ethyl ene
01%8 e et hyl benzene, the catalytic al kyl ati on of
benzene with, propyl ene to produce cunene, and th
[001 4t ailhe rrtosbwuéf}im%weéhY@r@ﬁ%bmcwvsslmreﬁs‘%S&o fhighfbe present
inverf s SPREANIE ard b BBlo SRGIaHbA CE ROl PR S 1AL 16 P
ethylhememna tla:m:dttdbyttwdlbydmzcan& beazakivath mypylemsto prdxmce cumene, and the

IREST R R RN AR TR -
hCI‘GIH 'b?{*hte fp?ésréﬁt 150&1t%%ﬁ%%c%5c§ﬁ119§&& Bea@iylic cAmeas Bﬁ@ﬁhtﬂfoenzene

uent of
reactlon systems the dlscussmn malnly is in reference to its application to a catalytic

ethylbenzene reaction system.

[0018] In practicing the process disclosed herein, a portion of the effluent of the
alkylation reaction zone is reintroduced into the alkylation reaction zone. Unless otherwise
noted in this specification, the term “portion” — when describing a process stream — refers to
either an aliquot portion of the stream or a dissimilar fraction of the stream having a different
composition than the total stream from which it was derived. An aliquot portion of the
stream is a portion of the stream that has essentially the same composition as the stream from

which it was derived. In some embodiments of the process disclosed herein, the reintroduced

-6-



10

15

20

25

30

al kyl ati on reaction zone is reintroduced into the
al kyl ati on reaction zone. Unless otherw se noted in
wa biog/oeeri fi cation, the term"portion"” - whenPCT/US2006/024305

describing a process stream- refers to either an
al i quot portion of the streamor a dissimlar fraction
of the stream having a different conposition than the
total streamfromwhich it was derived. An aliquot

portigoefithe mncmlhtlomeeasmmemneueiﬂ@nbmay coraiafa tiapsalkyladempganht

has essent t S t.
Consf TR B e AR S R a 5,5 BB o e
alkylRIRGeSFHodiz66¢ AR Eh Ak @htion éffigerte mbiheckinestioehts Ohe of

the al kyl ation reaction zone effluent may contajn

transalk e dgpntmpy he Eioducedcing siersmeihgr tham a pPEia Q,f.thegaﬂiylaﬂon

th t
55T AT ARy s
capatilé bFiraishkplatihf Withrihe alkylaﬁbﬂn eubseab gelprbeizene); téxing with the

transal kyl ati on agent nay be i ntroduced vi
alkylgingeagerhe- £ydme), ond éﬁcr?ﬁ@igafbﬁ9?%?%%1%93%?4@5/@““3 agent at

and d%Wn@f%%m Bl %gé/}’a:tmh Qger{tr@ I‘Rt P PraB Qe owé\‘;er the

i s capabl e of
transilkﬂaﬁ@d kgelnapnefngab/ly hhs 4 manbérkrflchzlra@msnab tat ateecopigistgut, with the

broccgt AGIFBREIof epb s Bhi g of HSMBHELERGR R P e, et he

trans&ﬁcgl)é 1G4 h%‘éﬂt aian 1n@1tea@@hﬁ9¥ﬂ}§ﬁé Fef Hifftrahgﬁkﬁbﬁé(ﬂ fi‘ﬁ h@ition to

ction point. In practice, however,
mcreasrm@ sthyllbyﬂmhe gieldlgeminimiztge i ABDPE fermationu ﬁ:lgecndmgly,

oA St SV B e P P8
hexa&ﬁﬂ@b’ﬂen@ tﬁ‘ﬁlle?&féﬁ%@ausg 'eﬁoﬁx%an&ﬁﬁsdll(ﬁﬁé & &M&l@bﬁ&ﬁe agghliless of

houl d i ncrease ethyl benzene yi el d by transal kyl ati on,
wheth(fr eadulistallofiatedby eibylsasi Becasshyf thepessibilityiofplikylsjion of the

poly%lb&zﬁ%n%é%géﬁgap %Q&fg{z]er}g@\ gﬁg&eﬁ y&ggtﬁ?%%n%hesaare more preferred over

the hEle&Iﬂ%Y}l'eﬂSﬂB&Eéles apfih aRtyienPeriéfbelry 1BYR Preferred. More generally
hexaet hyl benzene, is preferred because each can

whert alhﬂgfamg(ay fegd @rqlmt@twyh pErkemleling wéra@ﬁaékﬂawn gs8t ep alkylated
aeri G e e PR 8 0 RE o B RHECo Gy i8R nps g th focd

arom@tiflyl ene, however, the lighter polyethylbenzenes are
nore preferred over the heavier polyethyl benzenes,

[0o1¥y th AQ!;&BW &1&%&&&&% RetRarAegky1Ri&] Sehed thdYBetransalkylation agent
generally when al kylating a feed aromatic with a C2-C4

prefemﬂéy dep,re'ctSbﬁethb neclarabiy bﬁ%ri}’bgTOEl@?eFﬂT alky1 gioups inythe pliglation reaction

L v.at | e.fee vin
zonels oty Ak PP PR e VEkSecpbitl Ay lgion
agenf’hz?s% %gt dil'é%[’ﬁ“g?&fpl Aidi dhe Qfkyl B®up/ thes Bleltithadikydati @pueht will
that the transal kyl ati on agent
decrease the molar ratio of aryl groups per alkyl group if the ratio is greater than 1.
Transalkylation agents with two or more alkyl groups per aryl group will decrease the molar
ratio of aryl groups per alkyl group if the ratio is greater than 0.5, and so on for
transalkylation agents with more alkyl groups per aryl group. Third, the transalkylation agent
preferably should not adversely affect the yield of the desired monoalkylated aromatic. For
example in the context of ethylbenzene production, toluene and cumene are not preferred,

because ethylene can alkylate toluene or cumene and produce byproducts that cannot be

converted readily to ethylbenzene by alkylation or transalkylation. Even though generally
-7-
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preferably decreases the nolar ratio of aryl groups
per al kyl groups in the al kylation reaction zone. This
WO g00am0s8Ty not a |imting characteristic, howewBEDS2006/024305

because if the transal kyl ati on agent has at |east one

aryl group and one al kyl group, then the

transal kyl ati on agent will decrease the nolar ratio of

aryl groups per alkyl group if the ratio is greater
presentin rhhelamylafa?ms@ﬂﬂnymta@thyigelafg@ms@w nof prefesrash bergge ehydpenzene

cn sSSHOS R4 o8 EiRott by B SREF BT et

becausd aihydeRzend R fRcONit] ehylehesgbiydeatyraie adeaimatelyt H1-DPE.
nore al kyl groups per aryl group.. Third, the

Thus,tit wagld) beyareferred torps mecyplede Eeabryfatimggrdiongenay slsase pntaining
f eqt e : | oal kv,
e
cumefé Pebdatt shidamippdbdiesebatid ethyituneerdr @ conienp celfimnrofthe product
because et hyl ene can_al kyl ate tol uene orl%léurrene an

d
separpicsrsge. By die transeliglotion A prsderablirsarulé got adyarsply affgct the
purltfﬁigtﬁ!a ARG el Bhili E{h?nr&egﬁegtlg y%&@&bl?xﬁic.@&%xample in

general T'yprese Ion effluent,
the caitdntlolf ethyBrerzdns padduotiong txylenes &e nethrefoered bseruse they are relatively

... et hyl benzepe can _shift th uiliriymof th
difficfl 4% FePOES MmN BRI E Y G LA OB APUGE PP Raariengs gre not
H t o .
prefe%?% %"fﬁﬁ R WeRB0&RES o fFER eflﬁf?r%‘hzé’ﬂe fgblil)% Ep )illl_(ﬁrgl?nk Qvith eth lgne.

uce st'yrene and ultimately 1, , It wou

e prefer t ' '
ou2t)S PEEASEET 0t Balal L0 Skl e ShE | BRI B b
correSiRBids ROtheakgaltisy lsabsedteaillon@med withswthstame hinge alkyl group
et hyl benzene qr cunene_ product stream produced

corregiromgingdn sheralkdation pgepidthan hgmymber otalky ssonpson the destred product
radfi | &t

or RERERAL ARERAE g SEle iy DB RERALNY BLAOR: BN

transdlk@atioroakient, veten paeventpistdifferenigfrdrh ¢hediesiredproduct of alkylating the

kG e g ARbk Ghden SRS ot Gk Rtpdthe ot s

ethyl%tfe?] ;ﬁ/TéStﬁanEJiEMa yrﬁ%ge { @aH géﬁérml}db% 'ggt;’lgglyﬁoenfeﬁg,%ﬁtsaitml@ m

benzene i st at 1 on. reason that

transaliyletiesagents indtdpdieftar, raed téts-dthdtarerhatic hyalocathoes sedhyas

. fect ethyl benzene,_.yjel d by alkylating with ethyl ene.
ety HouRERAT. G et HebR i Rer i A
Diett}Ra8Mes atehrofefbe! Mk Be GRIRARNbIDBAe SR thESRAAGS ploPylene,

the al kyl ati on substrate alkylated with at | east one

the trampaliyddtionlagenteap gewralbdisarplilyngopdbenzenalary buitablnirangelisylation

e R0y iR 10 e PRSP DEs BBt
triisoptdpylbdhidng, dfeplopyhmittiyieenaents brdikopias@methBbenzene, etc.

_transal kyl ation agent, when present, is different from
Diisoptapytheszense aysrespersallyatrelgrry transabgylatipa agents.

[0021] The ratio of the weight of the recycled portion of the effluent stream entering the
alkylation catalyst bed per unit time to the sum of the weights entering the alkylation catalyst
bed of the feed aromatic and the feed olefin per the unit time may be at least 0.1, at least 1.0,
at least 2.5, at least 4.0, at least 7.0, or at least 10.0. This ratio is sometimes referred to herein

as the effluent recycle ratio or R/FF.
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al kyl ation substrate with the al kyl ati on agent. Were
the aromatic is benzene and the olefin is ethyl ene,

wao b®7pesnsal kyl ati on agent can general |y be a PCT/US2006/024305
pol yet hyl benzene, and suitabl e transal kyl ati on agents
include di-, tri-, and tetra-ethyl aromatic
hydr ocar bons such as di et hyl benzene, triethyl benzene,

di et hyl met hyl benzene, di et hyl propyl benzene, etc. |
[00223i et Ay nershhessinsaramatio fesfspgkeamteringer Passing torthgralkyletipn; catalyst

bed nitl)e?agi %g?f(@?g etdha?or(l:{lat?c}c %nq%fg% ég%ré)%gs\rﬁlégreﬁ%?h% Eé]ﬂglation catalyst bed in streams

i'oh "agen
other fiRdnyRr Bigublsaanes thaefflueti duebmeahitreatesndiqHseds it® theadigition
include di-, tri-, and tetra-propyl aromatic

catalysy biedo oy WA heEpiD wleg'gncdfep%?gkcﬁﬂgr@g@f @awing to the alkylation catalyst
é. .
bt st 80 ORI Byl SRS R )RS0 R et s
otheralia the pertioa lotf yhepuftfieant seehnt thahamérk pk phdsentoayealksglation catalyst
[0021] The ratio of the weight of the recycled portion
bed. of the effluent stream enteri ng the al kyl ati on
catal yst bed per unit tinme to the sum of the weights

[00238nt eirpams that enteryaraesson tewalkylgtion anealyss bed.that péich are not an
i SFRr B0S 0 1858, ALl BBRYy Wb ol BB 8 s,

olefiftc Ged dtredre,amid afy OtheP Feedlstrbasd thd QlkYlatibhicatalydt bedl. iSuch streams
sonmetinmes referred to herein as the effluent recycle

also ipgludesteranytit hpyo2 sybskatiphe diffseso Fompegitinpalipm the ffluent stream
. . | . _
oot AR B, S Ll RPN [ Ral bl Rt ot e

alkylationpdfednn giréamn ishgpiahlkypatddan acapahtyst zone dr b pratuce@o®very zone
ot her than _an_aliquot, portion of the effluent stream .
to reqOng maRAARAER atgHde dro e ROt 9f e efipepbtimag Agarsult of this
. I . . 4 .
s 850 . e SRk Bl S e
alkylaticef éffiuamn seedm greaecqyassil Mheseoretdveral strghms imindedhaprpdtict
bed.in streans other than the portjon of the effl uent

monoalipylatyd FTREANE AEEAS ArepReoRPrisinE light Sidkya tepY R stream comprising
the f&RbAIN s, BEDor hOd%Rkarst E&ﬁﬁﬁshm%ﬁﬂleafrorﬁéﬁdéﬁég, buntyhe

al kylation catal yst bed, but are not an ali quot
aromptestand trigdkyltanematids),weda sitae apmpngihgleavivst are not

limted to the aromatic feed stream olefmc feed
[0024]t r e @Nthaaa cecangted biteams, Edsimektreoamdrofor kemeabkyll af therdeed aromatic

cat al yst _bed. Such sﬁr?arrs al fy%‘b%%;l&ide streans t

recyolgsfecal o g Pzt fautheyplienlaton cat WS SPmsmr@ﬂ SF he other
o R 48 AR LGS R R30I Wi s
passedl th yheatlkylatiaf datalpst bed fir @am oralltofphesakdopvead steehnisas deemed to be
incluag{) 1%rt et: Lr%?na%ig gedgtroclge tgl%(ljgu grt parss%ﬁg ¥o thi aﬁgfpa?ion catalyst bed for
purposes of the process disclosed herein. Likewise, any feed olefin passed to the alkylation
catalyst bed in some or all of these recovered streams is included in the olefinic feedstock for
purposes of the invention. However, any feed aromatic or feed olefin in the aliquot portion of
the alkylation catalyst bed effluent that is passed to the alkylation catalyst bed is not counted
as aromatic feedstock or olefinic feedstock, respectively, passing to or entering the alkylation

catalyst bed, for purposes of the process disclosed herein.
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to recover nonoal kyl ated aromatic fromthat portion of

the effluent stream As a result of this separation,
W@r@®7/00530Dr e streans that have a conposition PCT/US2006/024305

substantially different fromthe al kylation effluent

stream are recovered. These recovered streans include

the product nonoal kyl ated aromatic stream a stream

conprising light ends, a recycle stream cgrrpr S|

[0025] ¢ e dIeosHRaRmROdigprES. Ghe o die weight QfhaPle nlﬁéeedstock entermg the

it RN oSATBHL 5 6 o PO v
alkylz{tﬁ(ﬂ%ialﬁ b&dm ¢he &m&ﬁﬁﬁnatmﬂaphed byt 100 1srgméraﬁp atmost 17 wt-
ome or of the feed arqQmtic re;:?y cle streamt.o

%, at@@sb é@ %%taémﬁw Wi 208t Wi/l o) 8t M Wﬁ%m%? ratio is
r r
someliE s bl o e} PO oICEPANET H8p ki AACH o BlsSinifie o
maximoonteed clefih uaneaﬁsm tased biethel vikei glettaf the fead aoymtic Jtbel C'b-|€4
ec red eans i S deened to
olefiry BN BB LB VI Gy G B LA BE PR b 0T r-C
f %

alleyl foub thaft o drOiflat O Aot OBy 18n BAARORAR ol 08 17 we-%,
most pAyged, tandash@ vet%icydt anasbh wadh.adryas mosedwi-fo.some or al |

of these recovered streans is included in the olefmc
[002d]eedTheatoniatic fiudrspesnsthebldfiné fead etrdang and Hievitiqaot poatign of the

feed aromatic or feed olefin in_the_aliquot Portl on of

efflugng gtregnk gne prefemblypombyagd upstean of thesikviation cpalyshaeddy formn 2

|
conth9 (L4 A RGPkl DR Bl ASNEL Sy 85 B0 TR osion
and tdempezwtumltlé pnengy thiwe odlhdr wiredroaisa pasa kyte abethtioheatalyst bed reaction

zone pETR AR e et b e ot Fophchaacd bl scam i
form@ £b1afl dnegsh ngfseeehnse NHigs hags EJ&SQJ@M@M 084 Rl S mtzﬁ& the

per unit time to the sumof the weights of conpounds
maxigmtreferd glefiheondohirhtar aimllqdatmlnwsndlbenls pemitieizedhnEombining these

time, nultiplied by 100, is gener
strearys Ty o pelty ipe. 3 OB ipeprifigs Dyt pisdratygf Afonjpuons
pbasisat nost 3 wt-% Th| s ratio is sonetines referred to

herein as the feed olefin ratio. The al kyl ation

ondi
ti

[002'§oncg¥]1% alk }agg aaggﬁ'l gonﬂétacﬁhhegylﬂ?ﬁ &e‘ﬂr ?%dr@ F\lké/ lation catalyst beds
and/caoaerat inore dlkdation datalyst edactors, andi e:mh ra:kdt(yﬂ mdyechntain one or more

deriv f thefeedaomatlc v fromone
alkyl%%né’a@iﬁéﬁ Ky FOTRER Feniigpiqr @@8’9%%08&8{1? gmp OYS g"’o
alkyl@cmn%é(ﬁ&st Jé@h Qf Kflﬂcﬁtﬂag’ RV& ﬂk?ﬂaﬁéﬁ c&%ﬁ?st@ed@t Tl‘i@ﬁﬂmﬁe? of reactors is

wt-% at nost wt-% at nobst wt-% at nost

genemaltly &dtss thogteight, wnd Yhe MOGIRG Jof Eﬂrtelyatrb@dam agifererbastor e‘@merally less
t.he olefmc feed stream and the aliquot portion of

than $1Ka

[0028] Alkylation conditions for the process disclosed herein include a molar ratio of aryl
groups per alkyl group of generally from 25 to 1. The molar ratio may be less than 1, and it is
believed that the molar ratio may be 0.75 or lower. The molar ratio of aryl groups per ethyl
group (or per propyl group, in cumene production) is preferably at least 1.2. The molar ratio

is preferably at most 6, and more preferably at most 3.

[0029] In general, for a given molar ratio of alkylation substrate per alkylation agent,

especially an olefinic alkylation agent, the greater the molar ratio of aryl groups to alkyl
-10-
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ef fluent stream are preferably conbi ned upstream of
the al kylation catal yst bed to forma conbi ned feed

W@ eogamshavi ng preferably a honogeneous ni xt ur BCHOS2086/024305
uni form conposition and tenperature. If one or nore
ot her streanms also pass to the al kylation catal yst bed
reaction zone, then preferably the other stream or

streans m x so that the conbined feed steamis forned
groups iipthedfeed wieamy thedessis hanise imigmperpirpdn the reaedign gonehiet occurs as

a resutllho% tffle %E%]g 1(?1{ req%trlc;’}fsl %lhggﬂil Rioh P% {f&ﬁ 4 %x{s?&gedoéo%f rxgc.)derately

n con ons are m

exothﬁtmbj mlﬁhgugmﬁ@ @e&tdrmmmd@ecweaba&hﬂxgm Iﬁ@ms w refifova the heat
non-conti nuous basi or preferably on a _continuous

as it ip pridyced; Gozpqctara pmfwylplmafi@hatrc@a%d ﬁcb‘ilile Pufiet tegperature of the
efflueh? gfpé'a!rr?ﬁ %1% ﬁ‘{(an'm{ ﬁle"illtéf%ée?%ﬂn%rbf‘fﬁé I%%Qfﬁﬁts Zn&% ® R/FF, as
al kyl

one or atiron C yst reactors eac
well arsaaahmasefﬁny theanélat ratio o€ alqu gironpetoadikyl | gadiips fin tmtfad:cysﬁeam

bed A cO onfiguration of an_al kyl ati on zone
mcre@ﬁiﬂ mﬁﬁ@&f&ﬂ%ﬁw bleopdt as adies sgrk fthersasiip opg and

thus @cﬁéé%ﬁ;@ﬁp@@fﬁﬁé $ise BEHS realfibn DY qrhe%%%{oﬁggﬁe%a%ubﬁ temperature

gener al ss than eight, and the nu cat al yst
may Yeegtaenally £rog1 009 toehe tritical Engnera&ura loff thel afigdatidnambstiate, which may

ve 7§ 0200, Sl 2Lt Condit one o Ui rcess 0 pasho s

260°(9 ra%H réfgragﬁl"@érﬁllbﬂ td 55uvC2 QXIEH%u%h thENEmPBhRite Figd t'th d8RYrs in the
ss than 1, and it is beliéved that the nol ar

reactmmzmme erayd befrom7®) torl 9)¥hdepending omshaitotal andse flows a fie reactor, the

B R T S R

ratio is preferably at nost 6, and nore ef er ab| t
[0030}pst L@nm}l@@g @1}6 CRPgEHES HpC s the reécﬁ?ﬂl@ﬁler?g{ PrEveRs %g@f eactor
outletzt%ﬁﬁk e#drl;] b8 $hdR&Fan® ad ﬁtaétﬁﬂls G cr%%@ﬁocarbons

al kyl ati1 on agent, greater th
to occmat Eﬁ)glofeaetrqd teglpmapsestctanaldo)dagsmpenzamon lo€ béreredle and the desired

am th s is the rise in erature in the .
monchlly RO g SRR OF CuREne) T BEAPAigh Zpp The tmperature rise
in the"’ljegtﬂoﬁtz'oﬁ@ czﬁ?@ecédn%ﬁed B_}h@fltﬁﬁtlﬁwll dOL&R %frézﬁﬁ‘ %roﬁ{ fhe reaction

consi dered be noderately exotherm c. Although the
zone,rceakina pmyn hﬁ&@ afflalint streanh @ad r@xdmtge coslathportion of the effluent

t t it i d h to
strcery g g o S AP PR LBE YRE b eV gt D Rhctiobgnn s
mann%f‘ﬁa?ﬁé bisgdanfictQ@Not Sonkl @AGTont 2388k, it1Snbti®ddvanta cous for the
enperature of the reactants. An increase in R

procemdllsclas;edéwrﬁm beesuserecyrling scastsir gfflyeat foghe teaghigr zch@@@gs;not
signiftlc%nﬁly la(lffér tﬁ o%ﬁct' d?stn&?tlgne\glqens%he ce%r‘i‘yst is UZM-8 zeolite. A significant
alteration in the product distribution is a change in the concentration of any of the products in
the reactor effluent stream of more than 0.5 wt-%. A significant alteration in the product
distribution does not occur because at the reaction conditions UZM-8 zeolite is such an active
promoter of the alkylation reaction between benzene and ethylene and of the transalkylation
reaction between benzene and diethylbenzene that these reactions proceed to an extent of at
least 80% and generally more than 90% of the way to equilibrium. The analogous reactions
between benzene and propylene and between benzene and diisopropylbenzene also proceed to

these high extents. Thus, recycling reactor effluent to the reaction zone does not interfere in a

-11-
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i ncreases the quantity of aryl groups available to act
as a heat sink in the reaction zone and thus decreases
WO bh@7vessper at ure rise in the reaction zone. ThECT/US2006/024305
appropriate reaction tenperature may be generally from
600C to the critical tenperature of the al kylation
substrate, which may be 475C or even higher. The inlet
tenperature in the reaction zone is generally from60
signifienpeeryithte giteftof disl alkylatiom orgonsak 24 repgtions.age reqyeling

e STRGAEb S Ho B bl O I RS, g

o, BT e T B Pt ey i
pressafidcedd {998 g]lfﬂ%}égl:ﬂg'g}%ﬂg chiife LERRE b PhkiaE liﬁﬁia%lhia%é. tWBere ethylene

reaction zone revent high reactor outle
is thetodefire tit pressare rahgecor teusactionsisisnallyl feora 1329 reGRRSikdage), and

such a r acki racaj bons.tq occur. Hi .
more BRI OH R BI0) 0 1Kok ek dresblya e oo colfias s suffcion
to mé?t?c?ﬁll%ﬁzéﬁ@% b MiguidSHabSshd RO S@lekortRAIIBRARItONS &r@thylene. Pressure
et hyl benzene or cunene) in the reaction zone. The

is not aermabvariablerin lee §uscesh of thearedeshdizdpseddgreibdowever, and the only

.. controll.ed b i,t hd i an.effluent.s f
et 38 e R B0 LU SR e, v
olefirst JtBRTharPeikl1 6:RC Wl Pro€esé Bigcle Sl ki afalyibe pravticédgenerally at a
effluent streamto the reaction zone. Al though

presstegcfdtonh g w88kPafdl uent to the reaction zone in
this manner may be di sadvant ageous for sone reaction
[0032jone &he ineighs howly spasavklocity(Ed8Y) pHihetftrd Qefdrmey range from 0.01
dj scl osed_ herein b use recycl.ing reactor effluent to.
to 8.0 hE” SR Bl e aib DEmbtPo G N A AP Et e the Veight
flow PAtO8EGE cgfgﬁéﬁénl@ﬂéﬂ 1 WAk dtHYahE BdtalyMSheifif, WK%&%@ weight flow

zeolite. significant alteration in the product
rate afits¢ cdnpemientrper boer andaheeatalysttweight ereciaribe samaweight wmty. The

he pr.oducts.in the reactorn effluent. r. +
wi, o RemBles Vel pdiend B85 Py SLha Rl FRVRRR Bl et
grougsh, $italy e bbiRRalORSM W03 to8OUL bBCapREeradd dnitddirBat] inavhich the

condi tions UZM8 zeolite is such an active pronoter of

polyalkyd asdmaticds p dietindbanzersrotndrigdelbepemme dhe mody ratiogf egene per

and of the .trar k [ | t
e s St hS L GRTE T WV BRabERFE LOR R B B AT wmsv or
arom@Hésintlu@ing dbnieRaahd GRPorrthydenessk liy/fromres toerhid0% of

the way to equilibrium The anal ogous reactions

[oosg.e.t Wé}ﬁﬁme%f}%ﬁﬂ@f AL QL ORY B Bt RN HE ?ﬁﬂ@i@ﬁl R&RHANBatd0Elrs in the
i i sopropyl benzene al so proceed to these high extents.

reactituzone iseby elkiylation efthedenzsng bystitylane te prodnenethylbenzean eln

.does not interfere in asiqgni.ficant W th the extent
additig. ST SepREAS R ST Tt S ASHRY FORG: J1t Patbp P iedent
transhERGMEd WG a h8BEIbeRtdnk Y& plodiEy cthb&iFeh@Y R Thof Sulydthfibenzene can

puf pose of controlling reaction zone tenperatures.

be alkylated with ethylene. The reactor effluent stream thus contains ethylbenzene and may
also contain unreacted polyethylbenzene or a byproduct of an alkylation side reaction
involving the polyethylbenzene or a byproduct of a transalkylation side reaction involving the
polyethylbenzene. Although the extent to which other reactions form byproducts is
diminished by the practice of the process disclosed herein, the reactor effluent stream usually

contains the byproducts of these side reactions. The reactor effluent stream may also contain

unreacted benzene, as well as a byproduct of an alkylation side reaction involving benzene or

-12-



10

15

20

25

30

[0031] Alkylation is preferably performed in the

i quid phase. Consequently, reaction pressure needs to
wheogbs3izi ent |y high to ensure at |east a parPCEIDS2006/024305

liquid phase. Were ethylene is the olefin, the

pressure range for the reactions is usually from 1379

to 6985 kPa(g), and nore commonly from 3103 to 4137

w bypE sty R o FopE IO P, MRadRy i pctor

efflueit @tre%‘ﬂpﬁfa? thhthBAinrdaeied icttylme, B theddhgberion Bf emsacted ethylene is
not a critical variable in the success_of the pracess,

likelydiode linsi gl fiernt begansdosmeensyis usikdly PEescRiAt yeagtin@stgighiopgtric

t hat essure be suffj.ci I :
provcrti A BSF BBt et BOU SKrdh FFlor fin 872y g pitattins in
additRhy bR Bne i 8thRfioie Bsest ia theofeed!sthereihan fmyredmtor effluent stream

practiced generally at a pressure of from 345 to 6985
may MF¢eptainupracipd vthalsei ght hourly space vel ocity (VHSV)

of the feed olefin may range fromO0.01 to 8.0 hr"1 .

[0034)s uTkd alkgtation effluentditeaowniansgefeeblielescihey 1 fwin’e diarylalkane,

oSS TRRB SRR S b S ol PERBATRRLERE 02 v

diary BB refiQWid Mk endbalkhRCEONBAMEN THSE 1dWyikldand diahalkane
catal yst weight are in the sane weight units. The \/
relatiyé teathe mmoekylatedciromintincandisAipmed yaing an alkylation catalyst bed

. | yal kyl aromat i ¢ havin NV : + L
with S R T Byl B Efal i PRI don
catal?s_rm@&il ment, in which the polyal kyl aromatic is a
di et hyl benzene or a triethyl benzene, the nolar ratio
(0038 b?ﬂgﬁ@ﬁc'ﬁg EheSirBds € B cloSed He@dTh, kh & rehofo® cflubnt dtitem\WdbYe
ethylene I's from0.1 to 6.0 hr"1, and the WHSV of
sepantadniato at $eastriwlowrdiqnet foetionsnin erder thatenpdinyeimeylionesrndisascycled

is fromO.5.to 70 hr 1. [0033] hi th text of
and@@??@ltﬁéml?ﬁ%ﬁ)é‘atﬁrbr&ﬁ{b{oﬁﬁ??h he }ori Inci pgl C?Qa_ﬁ?i og t hat
RN RN R —
into @%%gﬂl%gn r4cish Iz{él?és,‘ %f 1881 9né BtheP Alidiot i)dlSl’tfbﬁ o {3k &ibn effluent

r-exanp enzene can transal kylate with a
usuallp bysedipl deparatien anefooruoerisgilye mencaindatedpropatic. The

pol yet hyl benzene b | kylated with hyl
sepafedih aRe BRETRAOTEHT S A FRL ESAPa S ol Bande i Mg
urme%@;é’d B SRMhALRYHAGE 2GS Sh P stBYIBMIAREOEEARMIOBCOlumN in order

product of an al kylation side reaction invoIvinP t he
Y8

to repmiey ethiyibehame @n productrany phedebarier polyalkylbengsasscyd aolyalkylbenzene

i de reaction i i ng. :
ﬁactfonat?on column may aﬁé’ootl)evlllsgg 1r£ Qr%er to separate diethylbenzenes and

triethylbenzenes from the other heavier polyalkylbenzenes, particularly where the
polyalkylbenzene that is present in the feed stream is a diethylbenzene or a triethylbenzene.
The separation zone generally does not comprise a decthanizer unless the concentrations of
unreacted ethylene, ethane, or light Cs-minus paraffins in the reactor effluent are high enough

to justify their being separated from the reactor effluent stream.

[0037] Thus, in addition to producing a fraction comprising the monoalkylated aromatic,
the separation zone may also produce one or more other fractions of the alkylation effluent
from the aliquot portion of the alkylation effluent. Accordingly, in addition to recycling an

aliquot portion of the alkylation effluent to the alkylation reaction zone, some or all of at least
-13-
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pol yet hyl benzene. Although the extent to which other
reactions form byproducts is dimnished by the

w@e@ecnise7 of the process disclosed herein, thePCEHS1006/024305
ef fl uent streamusually contains the byproducts of
these side reactions. The reactor effluent stream nay
al so contain unreacted benzene, as well as a byproduct

of an al kylati on side reaction involving benzene ora .
one of {hese et remtions recqrerad Rpmdbe sepattion zpaean alsp pasy & hip alkylation

C _ ) .
s A0 0 OB A 50 AL T
turn danbeaedyerdded thel Alngation readtieh yohoasieansalkyigtion hgsand In a commercial

because benzene js usually pre%%n at least in a
ethyleqngrRaRTOFRSErSCECI Bk RIPEASE FlETmSATe sé RY ithe segargtien eQfififgh be used to

i e R R

to e ane 1s present in the feed

003§, 385 AF o SRR DU SAL A G5 menbes ot

famil§foff h@iihosslida6PaNdGabétRiItes aRiitheyilidaty/zdotites designatdd UZM-8%
di argl al kane, nore greferabl y lLess than 0.5 wm-%

US-Bi6.459.030 fessabesdddMed ard Hppispgntonr REeHY, [ZMd-& zeaktes age prepared
. - 9% di 4 i t .
i i AU b R A1 ) S L OB B, i are

used bharurane dirktingtagentar nthisi case; @i hizrador@isregstalBndgeodive (UZM-8)
al kyl at.i on catal yst bed w thout using.a sle)par ate
has acogipesifiy nsthe @srs raihestapd fomgpand grugn fhygrous basis exnrested pethe
empiﬁl:&i%ﬁﬁﬂl&.n catal yst bed. [0035] In practicing the
process disclosed herein, the reactor effluent stream
can be separated into a§pd,ga sitgo al i quot portions,
in order that an aliquot’ poftoi tan be recycled and
passed to the al kyl ation reaction zone. [0036] Wen
wherg Rds afl lpastione grernoppmaniung pation|spigeted frem the groyp gensisging of

recycl e | ' A | i
powSEY B e ARG A b b2 B grmoni
ions, phgoratddydliainbhmigdsfahd qititernze@hikynddasmesiutmions. Sepferad i on

zone for recovering the nonoal kyl ated aromatic. The

OrgANOATEIOAI Y petg)gﬁ aredlqte ,tlgt PXP NOBTRpPlicaqs dhose ek de pet contam a cyclic
grou%ﬁsaoql%'s%ﬁﬁeﬂﬂ e@f;l{hgéﬁ}hés@ 104 O taih Q. %géi Yo ‘Fneﬁ{% g%‘%gi%esubstituents

enzene to t ation zone, and an et
are edpeeially peferiedn Erahpinnof preforrelbeativns inelnde svithetttimhibetion EEDMA,
s_product fromthe heavi.er polyal kyl benzenes. A .. .. .
ETM%P@@W%H@W@ 190F-a g gHapf Brfo LB LR reryessnied e T, ubigh varics
from'tOR).S% .)e/r[‘gé QalRE B it ﬁttﬁydvﬁg}?éﬁ BRsagdlence of R varies from 1 to 2.

riet enzenes fromthe ot eavi er
The prdiboyod Skipl (Aé rADnercprepented toyufyd mhjchrragiee frotmed.5 to 35. E is an element

which is tetrahedrally coordinated, is present in the framework and is selected from the group

consisting of gallium, iron, chromium, indium and boron. The mole fraction of E is represented
by “x” and has a value from 0 to 0.5, while “z” is the mole ratio of O to (Al + E) and is given by

the equation
z=(ep+3-+4ey)2

[0039]  The UZM-8 zeolites can be prepared using both organoammonium cations and
alkali and/or alkaline earth cations as structure directing agents. As in the alkali-free case

above, the same organoammonium cations can be used here. Alkali or alkaline earth cations

-14-
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pol yal kyl benzene that is present in the feed streamis

a di ethyl benzene or a triethyl benzene. The separation
waeong/ogener al | y does not conprise a deet hani zePCTUDE®86024305

the concentrations of unreacted ethyl ene, ethane, or

light C3-mnus paraffins in the reactor effluent are

hi gh enough to justify their being separated fromthe

AT NG N .

than @ 63 iSE., Fodte SRERAAL/0P MK A R Yn AAITBnRIRSRieANe QM
nore other fractions of the alkylation effluent ffom

micrpperoys prysfetling aealite AUEM-8 e alckyipasition irefhe lasreythesized form and on
gl LN di,tion.t.o.recycling an aliquot
an pgrﬁugr?g%?%’t{%gss ?Ewhﬁtei%n%qlff?r&éﬁ? to the alkylation

reacti on zone, sone og{[e}%}k of at | eastone of these
ot her fractions recovefre lFr“st;h‘ffE(Xﬁ’eOseparati on zone can

al so pass to the alkylation reaction zone. These ot her
whered( ds/alesdt dneasthangsblrantionant is seleged framityd Hroug e iting of alkali

h,ch in tu n.pe recycled to the al kyl ation o
and 4 a5k 3853 RS RIS . caflams ot e notlimited to
lithin G0 EBBIuA], pbtaSihy |HISAAG] %eﬁﬁrﬁ?c%ﬁﬁum,ss%ﬁbﬁﬁﬁ{lt lga?]ﬂgleﬁﬁl mia(tutr%s thereof.

streans produced by the separation zone e use
PrefergghR patians fingusieyethiopt lmitztemd3EDM A, ETMA KHMatridanixtures thereof,

e ARSI AR SRR G o BB S e
which dghb Weiphtedl avBapOed1brice JF B Fds Fehst j[OtUZJZ' }\hﬂ% ratio of R to (Al + E) is

al um nosi licate zeolites designated
repreggaiiqsl by, o eviodovaties &pmydeS taZv Bhearatitei af §p’pwhishrisithi smighted average
ihehl M. old tes. are.pr red in an al kali-free .
vl O e 3 820 R R e B8 e
from & Glarida e ah dRepeshiels isatahd &Rty asoratnhidg ! fn%lséﬂt iEHE Hafhework
a

.agfgnts. In this case, the mcroporous crystalline
and is epqtqde&mm@yummgtu@gﬁﬁﬂggmn, aienj ghrerhim, indium and boron. The
1 %_ | k. ,d h o Sl PR TIRT]
oo B P o R AAR R B O B i e
ratio pfi@rte (A + E) atd ik giveh bt equgimoanmoni um cati on sel ect ed
fromthe group consisting of protonated am nes,
prot onat ed di am nes, r loUum i ons,
di quat ernary ammnlzqur(r@lqﬁg?qgr%% %%@& al kanol am nes
heroNE ﬂ)gg{t erni zed_al kanol ammoni um i ons. Preferred
where, Myls 08 ARS Fsish ther theveiglited avatage velaage inthe valsncegfghatone metal,
i.e. +Pbr $01086wERAL ' Gl 2 o
e R R v Rk R R KPP PR e,
nmet hyl groups as substituents

nt (n)+ (n2)+ (n3)+
Mm _Mml +Mn’;'2 +.M;:3 *e

{94}

and the weighted average valence “n” is given by the equation:

mieni+-MzenNz2+-Maens+---
mi+ ma+4+ms:---

[0040] Similarly when only one R organic cation is present, the weighted average valence
is the valence of the single R cation, i.e., +1 or +2. When more than one R cation is present,

the total amount of R is given by the equation.

P+ _ py(pD+ (p2)+ (p3)+
.Rr - .er + Rr;v + -Rr‘:

-15-
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are especially preferred. Exanples of preferred
cations include without Iimtation DEDVA, ETMA, HM and
wWOorRoov/ess7 t hereof . The ratio of Rto (A + E) PGI/US2006/024305
represented by "r" which varies fromO0.05 to 5. The
val ue of "p" which is the wei ghted average val ence of
R varies froml1l to 2. The ratio of Si to (Al + E) is
repr.esent ed by i.ch v s from6.5to 35. Eis
and ﬂ’&ﬁwég}éﬁ%?ﬂ‘fer%lvéﬁx?esygtgést FEHE rtgP F?’%B’Br dinated, is
present in the framework and is sel ected fromthe
group consisting of _gpldritipzere+psers¢hrom um i ndi um
and boron. The molPe™fracty,Qm.Of .1 S represented by
"x" and has a value fromO to O 5 while "z" is the

nole ratio of Oto b
[00414q u a’ﬂl%mlgogor()ps q:ryqtg@nq_ qu%% use? %g@glp}lo%%%s ‘i@%ﬁlﬁﬂgd herein are
cat [ ons a&g : Ea gﬁ%} Hg? %gft?ﬁ{eﬁéar t %Hciat i ons asblmng
reactist sombesrcﬁ‘leahemnumg s1hglﬁmn§1 optisnally Mrenddl. KBhd sourage of algminum

bove, S. or ganoa m cat.i b ed
inchuffob atep ol ity o B RaPPAAIOR Ao 10 POEL BR GG Ut metal
sodiufPEBRiRe, bREmBAMRoRI AdkiiifesOAlubdAS salf dndRIMMIAR sols. Specific
present 1'n anmounts | ess than b 05 M+ZSi. For the
examald& alf aluarioiiro ralkeixkies invindeabutiareveetdimitsdrie alumingmeytp spesbutoxide

arous crystalline.zeolit .
and o pR R oo s e REERBL gk HeLiRho BB o
teﬁaeﬂﬁh&%&ﬂﬁzaﬁa&lﬁnﬂ BI1RE, yRebipivatéddli @i Rikali GRlcafeo il a: M
n+Rr p+Al 1- X Ex SiyQz wher e is at |east one
OTganoREHMEMGER bﬂ?@a'f@&t Acnecirldeassnteansisting| of HORSRIRATERIIHT
consi st i I
st GBS B 503 oL 8 for P fr S AR SHRRO B! B0 ang R, ourees

of thd E léldn%iﬁtsi 1ﬂcl|ut1& Bt nsidihhited topikatitwirates, botibhed ypcipitated gallium
cesium calcium strontium barium and m xtures
oxyhydrerides gallpya pelfate dfercentipienSrigdlerle, Grroppym nitrate and indium
m e
chlonde s‘oﬁ}éfeg’B;r@%%%ﬂM%l d'él%egi{ﬂaﬁlg@g@#tﬁ%t% %?E,Eﬁ%ate QRS, and
hydrdéﬁdds&ﬁ the eepddtitd alkali 3r alkimewatthenaddls.” R'cambé atiradacedes an

wei ght ed average val ence _of Mvaries from1l to 2..The
orgatogpIReTGYm Rakien gTagn amips. Wehep Eots SuAteERTp gImoNIYR, Fatjpn of a

quate%écﬁ?lk%ﬁ&ﬁhﬂmgﬁn{ ton, the §?L‘L’t@ésl*iﬁclﬁfle bt are‘!\ﬂd)tq{im'te?i thd ﬁydrox1de

aver age v ence o varies from1l
chloridt bmnﬂﬂe Soditle aifdNlueride)coimponags: Specitfiodxiyppley 'incw'ﬂeomthout

varies . . .
limitat?on DEDMA hydroxide, ETMA hydroxide, tetramethylammonium hydroxide,

tetraethylammonium hydroxide, hexamethonium bromide, tetrapropylammonium hydroxide,
methyltriethylammonium hydroxide, tetramethylammonium chloride and choline chloride. R
may also be introduced as an amine, diamine, or alkanolamine that subsequently hydrolyzes
to form an organoammonium cation. Specific non-limiting examples are N,N,N’,N’-
tetramethyl -1,6-hexanediamine, triethylamine, and triethanolamine. Preferred sources of R
without limitation are ETMAOH, DEDMAOH, and hexamethonium dihydroxide

(HM(OH)y).

[0042] The reaction mixture containing reactive sources of the desired components can be

described in terms of molar ratios of the oxides by the formula:

aMz/nO Zsz/pO . 1-0A1203 . CE203 : dSiOg . eHZO
-16-
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from6.5 to 35. Eis an elenment which is tetrahedrally
coordinated, is present in the franework and is
w@edoeoosd’ from t he group consisting of galli unPCT/D82906/024305

chrom um indiumand boron. The nole fraction of Eis
represented by "x" and has a value fromO to 0.5,
while "z" is the nole ratio of Oto (Al + E) and is

given by the equation z = (mn +r p + 3 + 4 vy)/! _
wherenteg varidd fram Ord 95,618 vasiesfromtliete 80héc  werghirer Ogod Oagd’ varies

o BT D B e B
incluci«{]‘zfdiktﬂlaﬁbn 8FBPbraite dbpadeinbee the hbhd tyaioefsRGrodRtse The

i's given by the equation: - J 0040]5 Simlarly when
reactiomimjxtureds Row repgieidet & tenipsratyrg opBESAL25 TG @%@?@rﬁybéﬁﬁom 125°Cto

oA 8PS 5 Ry L B T 53000

reactiBh ©6R8undéRitdgehdls preraue! AGkr Ryitslligitioars dymplete, the solid product is
i equation. R>' RT R RTand the wei htgd aver age val ence
isolate fromghgyheferagenpoesaixiea By msang R 8§ filREoR PreegpEReAten, and then

C LLin ' - L ls6l
washi ¥ Bh Beigp DS BB WAISE B bl B RERRRAS G OTE, o,

of a reaction m xture prepared by conhinjing reactive .
[0048our Fhe UFMR aleminesiticate zeglite. ddhicthisPoiRadmam e ahoxpdescribed

. - . . o L pided

procesty SRR P Gy SUBUIh R BT R B 16echBle b inGEand
relatif@indénsities détuvrtinmblaieielow ganoamoni um al uni nat es,

al um num salts and alum na sols. Specific exanples of

al um num al koxi des i ncl udgapRyd are not limted to

al um num ort ho sec-but oxi de and al um num ortho

i sopr oposStiecingsgnd Relatiye nfensitiea fargesydesired M-8hot

limted to tetraethylorthosilicate, colloidal silica,
preci pi taffed sibhiga, alkall sjRjcates angr
or ganoanmgni um sil i cates. A speci al rleagent comsi sting
of an organoagmonswm al umi3EHi-l 180 e (sol wtion ¢an al so
serve as tlhe similtaneols source of Al Si__and R
Sour ces of] t e9E-6&lnent s 12k -utle9but| area not i mi t ed
to al kali {borates, borit - i [ium
oxyhydr oxi{de, 8.-3&+ % Um sl f 1-60 -9l i ¢| suvfabe, |ferric
chl ori de, rehreomuomni-trpte—ana—Hctunr

19.62 —20.49 452-433 71 m-vs

21.93-22.84 4.05—-3.89 m - vs

2471 -25.35 3.60 —3.51 w-m

25.73 —26.35 3.46—3.38 m - Vs

[0044] The UZM-8 compositions are stable to at least 600°C (and usually at least 700°C).

The characteristic diffraction lines associated with typical calcined UZM-8 samples are

shown below in table B. The as-synthesized form of UZM-8 is expandable with organic

cations, indicating a layered structure.
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chlorid
salts,

wo b@7nespect i ve al kal i

e.
ni

Sources of the Mnetals include the halide

trate salts,

acetate salts,

and hydr oxi des of
or al kali ne earth netal BCT/BS20861024305

be introduced as an organoanmoni um cati on or an am ne.
Wien R is a quaternary anmmoni um cation or a

guat erni zed al kanol ammoni um cati on,

t he sources

include but are not limt I hydr oxi de, chloride,

brom de, iodide and fluori npounds. Specific

exanpl eS| epdeYhid YRty Hhi IC Igoxi de,

ETVA hydr FﬁtLa hyl ammoni um hydr oxi de,

t et r aet hy|l anmon2-@m hydrjoxi de,d(Agxanet noni WR¥br o

t et rapr opyanmoni um-hydroxide, net hyl | n| um

hydr oxi de, tétoﬁanﬁbﬁmyl qmn?di&ﬁ)m Ehl%ri gde amdncholli ne

chl or i de.( R+ay—al-so—bg—+ntroduced—astan—ani-he;

di am ne, |or Ziopah%ﬁ%\m ne tlﬁ&ﬁz‘shbg%quent M- h%/drol yzes

to form gm o% TonTom ecife

non- 1 i mtli ng 53“ ’ s dre N N'% etP"énifﬁhyl

-1, 6- hexdne L TT[et Nyl /&rn a

triethanql ?nbﬁg %rlsr reg%s(gsurézg of R wi Y hout

limtatign gugpkl DEDYAGH. 5 gad hexapet font yim

di hydr oxi{de ((HM OH) 2) [0042] The reautl on _mxture

cont ai ni g neastixessoyrceg.5af— 4 Be depir ed. glonmponent s

can be dgscribed in terjns of nolar ratios of the

oxi des by t B8.36erdflla: (aM2BT < hBR/ pQ : in GAL2 :

cE2(3 : : "al fes from Qto 2%, "b"

varies from2i95-tf‘i§-&§o, " 3\55r-'r33§4from Oweml. Q) "d"

varies frem10—t+o—160—rand—e—var+estrom-2106—{ 0

15000. |f arzﬁéﬁ‘d?és%are usdd3i333s p pf ef éBréd t ¢

i ncl ude adrstrittatTom or—evaporattve step—to—renove

t he al cohol hydrolysis products. The reaction m xt ure
Wreat erature of 85C to 225Ca

l°°4$lr of GRAPSPF fhtighd Satest @i spmib Biss fotpreg oftsquyaueproperties

is tha2ft cHRYS sﬁfﬂﬂes@eﬁffﬁﬁr@@héfmgé’énoﬁs §d10%orP f I Thid %Mémfsg?r 1Anday s

in a seal ed reaction vessel under aut ogenous essure.
aluminpsidicate pyestiespts condénse digng digpdtiondo fqrheemmediy gnatiagstallites that

d .f het t
v S b S U5 S BRICS R B R PR
crystaMifeB. WRisQah a8t Wotheddseipeosl Eﬁ@@atél?t %ﬂo&%eﬁﬂpﬂh@ Material.
tenperature up to 100C. [0043] T

[00461I u mA@%%éhbﬁ%é@ Q2L Ematdhin LRl SonPlh 86ME 9 @m%ﬁb‘%@ ‘Balancmg

above-descri bed process, Is C aracterlzed
cationh ihfitspotdsofn fetdasy of, syhthoses gﬁrom alkalaet alklilnekasth amstﬂgsntalmng

reactlorq (rjm;(t%lrgst é&’xﬁe BP tth(gsnescla%lIor(lessmg}se {)e exc gl?gelagle -Ic:,gtkl)énes tﬁ\atké?nll %vexchanged
for other cations. In the case of organoammonium cations, they can be removed by heating
under controlled conditions. In the cases where UZM-8 is prepared in an alkali-free system,
the organoammonium cations are best removed by controlled calcination, thus generating the
acid form of the zeolite without any intervening ion-exchange steps. The controlled
calcination conditions include the calcination conditions described herein below for the
composite catalyst, and it may sometimes be possible desirable to perform the controlled
calcination of the zeolite after the zeolite has been combined with a binder. On the other
hand, it may sometimes be possible to remove a portion of the organoammonium via ion

exchange. In a special case of ion exchange, the ammonium form of UZM-8 may be
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Table A -Sracings and Relative Intensities for

as-synt hesi zed UZM 8 [0044] The UZM 8 conpositions are
war@besstd at | east 600C (and usually at | eastP@D0£006/024305

The characteristic diffraction |ines associated with

typical calcined UZM 8 sanples are shown below in

tabI e B. The as-synthesized formof UZM8 is
xpandabl e with organic cations, indicating a | ay_er_ed
gen%%tr W galeinpgipn of @emg@sa@mggmamnmlézm&m ant @meDhig
atmdsBherSal ci ned UZM 8 [0045] An aspect of the UZM 8

gnt hesis that contributes to some of its unique

100 o SRS it e ne e A BN pretiablspetains caloined
UzMalgu lﬂaﬂtﬁﬁdtidn%@sﬁ[tﬁ@s%eﬁ@ﬁ\d@&?&&%aﬁ%ﬁs sﬁa}]Qg AR & ¢ 9@ diffraction
to formextrenely small crystallites That have a

pattegp aThe UVZM B eplite uses mah@cmlm uafnijlnsth@pltocehsfdﬁ&mhmeah hereln contains

1 ores hi s can
preffﬂ?r#lﬂ?es Ongj'd"l %P <{r %&“’FS Rre lgi?sglt é)gpwgg/élap{{ ggerbmoqe%eferably
less thah Or02alt-%[dFAAG]i aﬁdaﬂ&ﬂh@@eﬁrthztﬁ&alst he UZM 8 materi al

will contain sone of the charge bal ancing cations in

[0048{ S [Pk 8Se inlthe fn*@)%es% WR1dkd ﬁé&@l‘hhﬁé%oﬁt %f@aﬁ@ ik m?)r(ed with a

kal i ne earth metal -containing react

binderfhpcanvenigatsformatidnnfsatalyst pxa&rudxs:imam;gep&ﬂtmn odbite me(f) tagd %
the case o

o A S 5 e ot o
% oﬂmﬁﬁfmﬁ‘&fté r Thé BRSO LTd REErablY béﬂb@o&aﬁﬁxﬁe MRS HEMPBs 10 800

2 iIs prepared in an al kali-free’ system
m°/gopndheaalatively tefastary tmthe &mdlbwutrlmmmeﬂhe hydoombon kbe@rsion

m of, the
proc& RbRIiRN st MBS ARG 8F eliitidi dloei gerisoporide,
magﬁléhra Ik, Kibich-@Rimtiad Q;ilfd;ﬁhhe@iieﬁ@ kAR Surh @) élgl?ur%ah@ona silica-

al ci nati on_condi tions described herein bel ow
ercoB’&n?)tSs F‘llléaaéalicél b tand glags.i Rrefmyed bmdeta areamblephpos silibd and alumina,

mclugﬁlg i af t z f {élgéggélﬁrﬁ%acﬁgli SR na— Ccfﬁ} E.thql ogﬁmg egpemally

prefemedlder. On the other hand, it may sometines be _
possible to renove a portion of the organoammoni um vi a

[0049]0n ke hedlBewith!dr ¥/iBBEC Bihd&2af b ForhRA if9S/2RB shag%h uch as
anmmoni um form of UZM 8 may begenerated via calcin

pills, @Fllﬁthéxﬁﬂ%%mﬂ el Porferrest shoffdst Be Extriatates o Bp}feres
The atal t. .used in the proc
Extrf3e D A A e Qb E s et Ve e A Bt Seot cither

before or after adding metallic components, with the binder and a suitable peptizing agent to

—

form a homogeneous dough or thick paste having the correct moisture content to allow for the
formation of extrudates with acceptable integrity to withstand direct calcination. The dough
then is extruded through a die to give the shaped extrudate. A multitude of different
extrudate shapes are possible, including, but not limited to, cylinders, cloverleaf, dumbbell
and symmetrical and asymmetrical polylobates. It is also within the scope of this invention
that the extrudates may be further shaped to any desired form, such as spheres. Spheres can
also be prepared by the well known oil-drop method which is described in US-A-2,620,314.

[0050]  The catalyst composite is dried at a temperature of from 100° to 320°C for a
period of from 2 to 24 or more hours and, usually, calcined at a temperature of from 400° to

650°C in an air atmosphere for a period of from 1 to 20 hours. The calcining in air may be
-19-



10

15

20

25

30

UZM 8. Cal ci nation of as-synthesized UZM 8 effects

changes such as in the x-ray diffraction pattern. The
wQZivr@oBenl ite used in the catal yst used in t heCpPUSEEE24305

di scl osed herein contains preferably less than 0.1

w-% nore preferably less than 0.05 wt-% and even

nore preferably less than 0.02 wt-% of alkali and

al kaline earth metals. [0048] For use in the process
precedrd by Bewipaies itHySt cABPORT I PlrqeR I PREFPTEH 188 W ¢ h

. . . )
calciflp ol e GO BAERM g S TRIhAoberRAIHEE for fom 1 to 10
hour@nAl cBtatyst @mpoeis udédtin tebeprocass tisclbbeel Imeaih iptedengblyfhas aivkyray
...comprising from10 to 90 nass- % of.the conposite, .T
diffragfiAn BRI JaTine B R AP Es BRL (At AE S Iy i bl B.
area of 5 to 800 n2/g, and be relatively refractory to
[005tlhe ddadindenwsedin theicatadyst pornprsity Jor tbe BIdseT disrirssd SPsH
[LQCESS,. n- 1t [ . .
preteef Elan o8 YL A AR TRl BASR) OZBLE zeoto usedimte
catal{¥@cbposite, itBmatelttfoablystdniains livlg 0ea6 alkali and alkaline earth metals.
chrom a-alum na, alum na-boria, _silica i{,coni , ete.;
Therefors, g, catalyst eempesite haha centagiol apsalired Alkaling i etaest loss than
% Siki e el udi g ) )
s Y OSHS b ReFo R A0 AR o O e
effeceis¢le towadring the elkeli nedlalkhia}th Tivtalz eahtenterfihe ¢ntalyst composite as a
wi t hout a binder can be formed into vari ous shapes

wholgych as pills, pellets, extrudates, spheres, etc.
Preferred shapes are extrudates and spheres, ,
[00523t r Jalaneef the bollovepa ning eppodisranisef thnprocpss shsclogrd Berein, any of
i nvolves..mh Xi R ' ej {
the P B Bl P b b8l S pGIeR Tyl BE butencs. The
folloSithd @ib&lipeit dédchibe &@ant of berfzefigrasxhb Grud gesaatits baicanytof the feed
or thick paste having the correct noisture content to
aromafipomay be usade Alen, A emod BescoROdHRTES aﬁ"@ﬂ"‘%?&’@éﬁf’i?&'l“émay be

; P iy . ¢ . . '
e AL e Solt SR i Bl o6l SR e Tttt
reactox éfiflueiad for refycteitd the atkglatibn dedcfoer ent ext rudat e shapes

are possible, including, but not limted to,

[0058Y! | THGHS emBb@MRAL, BB{ onlfl tirBR@lot paitidn Y ERelkiylatiah réuetbr effluent,
asymmetrical polylobates. It is also within the scope

but afgo & prilyalkylberenwfireameis recyeled jq thealitdaiiondgacky Whigh prifains a

a to. an i : . .
NESREels R TS RO e S BRAGRO Sb fSige SRR penzencs
and tRileIbenserde soohiaitd refatiVily Aow co@RnBatich of[ IOMEENnzdiee and does not

catal yst conposite is dried at_a_tenperature of fr gm
contaip@ high gomogitiratign of the heaviest polyalkylbenzenes that are produced in the
alkylation reactors. The polyalkylbenzene stream is typically recovered as an overhead stream

from a polyalkylbenzene fractionation column.

[0054] In another embodiment, two alkylation reactors are in a series flow arrangement
and an aliquot portion of the second alkylation reactor effluent stream is recycled to the first
alkylation reactor. Each alkylation reactor contains a UZM-8 zeolite catalyst. At least in
theory, the aliquot portion of the second alkylation reactor effluent stream can be recycled at a
rate that is limited only by economic considerations. Except for the aliquot portion of the
alkylation reactor effluent stream that is passed downstream to product separation facilities,

the second alkylation reactor effluent stream is available for recycle in what amounts to an
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period of from2 to 24 or nore hours and, usually,

calcined at a tenperature of from400 to 65C0C in an
waen7aesswsphere for a period of from1l to 20 heCI/ES20061624305

calcining in air may bepreceded by heating the

catal yst conposite in nitrogen to the tenperature

range for calcination and hol ding the catal yst

1nSRIRASIHE DALk \@her SRRAE &1 e BrdREY thef sebordr Aol dtidnoreddor effluent
unlmﬁtggras. f/—t\fcat allﬂgysteconposite ggedgl?n t he praglsszess or eHRien

strearflicaic bosegclbd tosthe alfsylation sacipraaithen interferjngivith fhecaxtenh to which
ttern havi - t the d- [ d | ati
the alf%ﬁe%m fﬁ@'sé‘l%ﬂ% o TP PLsaB, [ 0051] The bi nder
used in the t al yst ite f he .
0050 g e s S TR Sl B 8GR apecmon
and aﬁhg&gﬂé: ?n%ac"oilﬂnﬂ%tﬁal,tﬁ st}&?r{]istr&%/cféé%cﬁlfg&ﬁﬂ{ bt SideSePortiBn of the

_ alyst conposite, and nore preferably contains
secorldi dlltylstioar remmoradfRadnit saewmh tl the firsigeastort Ahabetery stream of the

Therefore, the catal ite h
olky e COUAP SPRAIS ALY R e e Ton oL g
a]kyl%ttobﬁlp b S hERd 4 87N 8 dediite EALIENY the catal yst

osite, owmng to the binder effectively |owering

he al kal, i ) )
orsio o P L R B A o s
ith & 0bdledvhli@hob hoeiot i altkykioh scaofor effnept. cltes®nthinesl strean enters an
s her ei n,mglnypof 0t he ?‘Z d ol ef ions [ gcl osed j
allylgian petsior GUcammists my AR Slg VeI ) AE 765 to form
L owd . bl Ok .
e b L A S

portiepassecto aAbther, alkylationyreadtor dresmprodudt sehatasionsone: The other aliquot
fracti onati on col um nay

. e d.to. feed. . .
portioh Gl FEicias SAPIeRLS RO REeALY S G0 RaR agirERf vy gler ood
watef {6‘@?&1&%&% Bnd €26 LOkbBiES tPfth theslkyIatdEhactbPdb tream.

a ation reactor. [0053] In one enbodi nent, not only

[0057)" al&llil &Berpe%btoi eq?fm%rhkﬁllgtwn%ﬁ&&s LG Yeri&S fibWaRkngement,
t 0 a polya yl'benzene streamis recycled to the
and cakk Ydadtor 06nthida o @bedstuf I Mt ealitescatal Y4Z MaBareeddoi in@ series flow

e g B AL TR, ST A PR v o
oleﬁlg1 ?ﬁéﬁ%ﬁ 18 eh cﬁttlgf}’%d)é. TRV ARRAEST théfitP Elkgfation reactor is cooled in a
y an hi g

nzene, oes not contaln a
heat 6gdhagsdraad flows od thelsecdnd aitydatonredopet Kt ofluzrtindshe sreend

are produced. in the al.kylation t L T
alkylgiiy RaRir BHies o S BUGHALBOTFRF cOPF ST BoRREdons (94
donHELSAY BRI T 8 pRRLIEL L hon o s el gocion
coolédimedt lesas exahengen and divides int wovakiquod podienst One aliquot flows to the

first alkylation reactor and the other aliquot portion flows to the second alkylation reactor.

[0058] In another embodiment, two alkylation reactors are in a series flow arrangement,
each alkylation reactor contains a pair of beds of UZM-8 zeolite catalyst, and each of the two
beds in a pair are also in a series flow arrangement. Feed aromatic is charged to the first bed
of the first alkylation reactor and feed olefin is charged to each of the beds. The effluent of
the first alkylation reactor is cooled in a heat exchanger and flows to the second alkylation
reactor. The effluent of the second alkylation reactor divides into two aliquot portions. One

aliquot portion flows to a downstream alkylation reactor or to a product separation zone. The
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and an aliquot portion of the second al kyl ati on
reactor effluent streamis recycled to the first
wa@bdoyloatsion reactor. Each al kyl ati on reactor cCPOI/EBIV96/624305
UZM 8 zeolite catalyst. At least in theory, the
al i quot portion of the second al kyl ati on reactor
ef fluent streamcan be recycled at a rate that is
limted onl.y by econonjc considerations. Except for .
other ?1%‘@10313?‘619&13 ﬁ%ﬁ? Bt e 5 a%aeme[ﬁ TVistes inde Eye pligtot poitiops. One
aliquot pbRRM AdWA toithe RABBELLARYARE ERFMLA rRLRIURY iR RAY Alig R4t
facilities, the second al kyl ation reactor effl uent
portiogtftaresrtoitlse fixshibédada the savond gliyletien feactahat anounts to
anunlimted quantity. Unlike other streans in the
[0059pr oclasmpthichembadinpt, altiaydatitylaionreatsrandeaehfalkienionsédctite in a

. n be recycled to the al kyl ati on reactors w t hout .
SeneSicfﬁ%Waé%gﬁwgnwl%quatﬂwébeé%@@ﬁ@n BengRnE Fteanyauitghla frpsalkylation

reactoR BHd %cér?&;t% §¥ﬁi@aﬁ3ﬁ@@ax{s&%§%{i%?&é@. QC&RA as E&%ﬂ-cdﬂ?aininé catalysts

anot odi nment oh reactors are In
described infldS{B-6)834,862tg domem ik glbenzzne.al de/UB0AM08,200) USA-4,774,377

o P Tl T ko it
reacto? effRRH fsQ)pEiBﬁalfyi Hedfed 'of 8GIIQH andTﬁ@zvél)Qttflé’ Qi}kgfafigis‘vpéagﬂ‘or.t Pe

al kyl benzene coOl um contains a relative
alkylagion cenetor gonteins oo hbdsd i Efiehacolikacinlpdt kay b a¢ries floweacingement,

cqont ai n UZM 8 zepljte catalys 056] I h another .
and S i3 ert o e Pod. eiifont Shthei i pnrip i gemnto two
aliquot hoRdAb.206e Wi§uibt PoRRAl fRvsab h@eMnsiPnt hikDlaBbn Alakitk 8F 10U product
reactor effluent. The conbi ned streamenters an

separationyPag.ianf theetberapliqueidariion iscoeled i ohéa extheppertandlows to the
ﬁrstbg?éﬁ{h%%ik cOMprising UZM 8 zeolite to form
al kyl'nen

e I eact or ef fl uent stream divides into
wo _al i quot rf.i ons. e al i quot portion passes . tqQ . .
10060} ROty pRERdityany i glkoiten 1Eaci5F BoRiens B s tigRas in a seres

flow a%ﬁﬁgem&ﬁ.e FetSIEfiRhhBIRRY 2R Aic AR %Har ddGo : Phed, which can be

effTuent streamis cool ed by exchangi ng hea

any stjitablieradicyilationmieadiorhintagring ewosuitable mlitybatipn@diatyst, stetaar those

B N R N N TN ST L S

effluchCXahOfifst BECbWs B HBkeRdRd bb@WIREH SHSRRR UZMUBL8BG Ratalyst.
reactor contains two beds of UZM 8 zeolite catal yst

Feed qlpfin ispharggi $otherseepnddeile $heé efflwent afahgsasend bedbeeadthdrawn from

tic.is char.ged to the first .bed of the first
the alYi R sy s MR nletiodfi b o, Sheglidfpdrioneps toa
downdfeainhk yigiis reddier &fth lapestiucodephiafion £6:5d, afd il Midr @lquot portion is
reactor is cooled in a heat exchanger and flows to the

cooledsmcohrat grqbpngariaph flowa e e seopmd bed pf thersikydationtreacserc ond

al kyl ation reactor divides into two aliquot portions.
[0061]ne Inlehothet emplodiment, ftoaikylagorareactors are in a series flow arrangement,

each alkylation reactor contains a pair of beds of UZM-8 zeolite catalyst, and each of the two
beds in a pair are also in a series flow arrangement. Feed aromatic is charged to the first bed
of the first alkylation reactor and feed olefin is charged to each of the beds. The effluent of
the first alkylation reactor is cooled in a heat exchanger and flows to the second alkylation
reactor. The effluent of the second alkylation reactor flows to a fractionation column, such as
a deethanizer or a depropanizer or a debutanizer to remove lighter hydrocarbons from the

second alkylation reactor effluent. These lighter hydrocarbons can be ethane and lighter
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downstream al kyl ati on reactor or to a product
separation zone. The other aliquot portion is cool ed

WO pood/obisat exchanger and divides into two ali gROL/US2006/024305
portions. One aliquot flows to the first al kylation
reactor and the other aliquot portion flows to the
second al kyl ati on reactor. [0058] hi another

comnF R g AL A B 8 Rl e o
cumepdiahd Blitabestid WEht&IAhPod® whdn ﬁa_&@iﬂg%utymeﬁizefﬁl@sg thrl%fbottom

the two beds in a pair are also in a series

strearp pf BiEneionatiqoecoduran divides éntp éwe hliqe@ ottivnsh Onkiatigtotipertion

t ' kylatign reactor.and feed olefin is .
flows 3 a8 fabidil a0 lendB 6B Y el Seraiitn 57 e fpnatiouot
portioalik phtédrialln c6618€ irod hdab exd@h@s ahd dividR 3hto w6 RARER poAtfhs. One

flows to the second al kyl ati on reactor. The effluent

aliquajportipa idevrsda dheafins) bt ofdhe fiest alkylation veagios and ths athes aliquot
- ald j ' . ti.on flows to a
poriof} ¥th REF) r i oo Bl NP BPRAEBE 1 oduce
separation zone. Theother aliquot portion is cooled in

a heat exchanger and d'E?ﬁﬁ%ﬁtﬁ o two aliquot

portions. One aliquot p ows to the first bed

f the first a | ation reactor, .and the other aliquot
10062, 5 folbShng Bt Bioft Wi B e on Messazetisnd

al kyl ati on reactor. [0059] In another enbodi ment, a

t r ansal kyPHOsesBils aTebimiaig tiseebrpKidei on reactor are

in a series flow arrangenent. Polyal kyl benzenes and

benzene AERMARH -sdistapdimetiniansabiiyindtydoxideeact or and

contact any suitable transal kyl ati on catal yst, such as

t he bet a-EBviA@ihi-ngthylitimbthigammubasmn hixdrdxide

US- B- 6, 835, 862, to form al kyl benzene. See

US- A- 4, OOBVIABD — tiffrafrethylafdmSridmaisinids- A- 4, 891, 458, for

exanpl e, for suitable transal kylation reactors. The
[0063] 1 arts ahdapipl RRh4t TR W, etBfiéd U@V ersidn FOGAMHIR A me'lﬁﬁ&%ﬂce

or cooled and flows to the al kylation reactor. The
betwegn th|ctityilens expigstedrin vtrit af the stroam beidsing thelZMtdr anddhé tthylene

b, i eries..flow arrangenent, an eed ol efin o
exprefd B B4 o8B Siee B @l AR b e Bl Riggtiesin wi-s
of the 5@ efitetlhy thd@Sactdd! TheWBledlvigWTh cBRpbh&N s d&PRd @b iUBRtference

portion flows to a downstream al kyl ati on reactor or to

betwegn glf:é)&g@pr g@@g?ogt ieyps onelecdpgiof the comhenent bxitjog the reactor and

. j ' ' xchanger .and fl ows to,.t
e L bR, 50 B Al BABORIFL BB iRt oo B vy
the totehionberetitarbamatatis\ih aidlailes @86thglené 66X 2HBE ahdRiolecules of
catal yst_beds in_a _series flow arrangenent. Feed

benzers comnviriethand muliplicd bitl08. The tas#lof draselestivities of etbylbersene (EB),
: i , ' | ' t
o R4 ORISR LT, AT oy g o

total s¢lacibaty to EB that would be produced if all the diethylbenzene, triethylbenzene, and

tetracthylbenzene in the net reactor effluent were transalkylated to EB in a typical
transalkylation zone and subsequently recovered. The total of the selectivities of
butylbenzene (C4-Bz), butyl-ethylbenzene (C4-EB), and butyl-diethylbenzene (C4-DEB) and
the total of the selectivities of diphenylethane (DPE) and ethyldiphenylethane (EDPE)
account for undesirable byproducts that cannot be readily transalkylated to EB in a typical

transalkylation zone and therefore typically represent a loss of EB production.
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descri bed in US-A-4,008,290, US-A-4,774, 377,
US- A- 4, 891, 458, and US-B-6, 835, 862. The effluent of

wo b@7/0033$t bed flows to the second bed, which PORUSI00&024305
a UM 8 zeolite catalyst. Feed olefin is charged to
t he second bed. The effluent of the second bed is
w thdrawn fromthe al kylation reactor and divides into
two aliquot portions. Ongxahi ty portion flows to a
downstream al kyl ati on reactor or to a product

the oth
100635518 TRt RiEken e AgPsifer T b e eyt Sdae-hatpmine
bindef whi'prephred had isQIési!’gﬁ@t@(l & CathQS6A] The 281t D&Y for Catalyst A was
enbodi nent, two alKkylation reactors are in a series

preppredin aulsiangielie fhe, samg arpnaias| desirihed ie HSt A5, 53:A% ns a
pair of beds of UZM 8 zeolite catal yst, and each of
[0065he t Ao alwedsosilivate rpavtion arixus vBas p'repaaedse theefollbwingy manner. A

732578 EREEET AP R T 3 ate ool vk Aok partions of A

(Oséét]ﬁ'i ?@3%-9 WAHIA tolthetahe %d thEREsu E‘I Sofftion QJas %?01{%1 fﬁuxed for

ation reactor is COO ed in a at exch anger
45 nﬂn owszooa gthqlentsiE obdelomivddyyatern was themaded to thieolefié, daliotwed by the

addifon 4 2B R PR SO eEEh S il Judes says sion). Newta

solufi6P6 OIPBIHIZEST NHOR AR 805 Q)fﬁgﬂﬁi‘i@d Wh@vas prepared and added
hydr ocarbons from the second alkyl ati on reactor

to the feactiermixtmigand thej rgmlen nhmeowrt wgtdymixed for Bumén. dFte reaction
i SRR 50 Y L S AR RRPRRS o

demﬂdé@ﬁ@teﬁﬁlﬁi thé ghéekasatmpeHadi® WoRACHBF £11Ufixed into the reaction mixture.
butcél benzenes. The bottom streamof this fractionation

Thegeactinm naxyreguas heaied in fubr t9115g Goandidigestadrng 1 5QRefonlIGrotA solid
prodH&r&dsggll%Jt%aiﬁlg rﬁgg\g%}%g& {y H%él%%{%#l a'ta{ ? anid gpcé) %t rStOO nrl‘ﬁe

1solate$l pwduoowad; 1dgnitfixal 28 ATAM-Sbyheatdeex-ehadiORictian shallysis, dBémental
\{vo I i quot ,portions. One ali %uot portion flows
analysi epealac e pOBRRISR s ipaleisd PERRSH o cpustst pEde elsmentghimole ratios

e NN S p—
1on-€b«ahh1tg&d rmglngtahnmvé)aﬂlhngessoilﬂtﬂoh o @ pardy weiglitlod NEXLAIM| €6 parts by
welg(l} (%(p ‘?E‘;Fg%’ﬁtﬁ’ mﬂﬂgﬁ ?y}ysgﬁég}g)% g*gl{%?}g;}p\g;;o%%% %kC for 3 hr, and
the s8lidyvblel c@ﬁEé’[&i B ARG N Thed I:t'ilﬂ%ibrﬁﬁm-li%@(change and filtration was

t et ranet hyl anmoni um brom d
repeated two more times, and the triple ammonjum ion-exchanged material was washed with

deionized water and dried at 50°C. A sample of the dried material was calcined by heating to
540°C and holding at that temperature for 2 hr in the presence of flowing nitrogen, and then
switching to flowing air and holding at that temperature for 14 hr. Thereafter the BET surface
area was found to be 481 m%/g and the micropore volume was 0.14 cc/g. Another sample of the
dried material was then formulated into a catalyst comprising 80 wt-% UZM-8 and 20 wt-%
alumina. The extrusion was done using HNO3-peptized Al,Oj; as a binder and 3.0 wt-%
based on the weight of the UZM-8 and the alumina of Solka-Floc™ powdered cellulose (BW-
40; International Fiber Corp., North Tonawanda, NY, USA) as an extrusion aid to obtain 1.6

mm (1/16 in) diameter extrudates. The extrudates were activated in a muffle oven by heating
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[0063] In the exanples that follow ethylene
conversion is defined as the difference between the
we@edwlhesse7 expressed in wt-% of the stream ent ePCTYS1006€024305
reactor and the ethyl ene expressed in wt-% of the
streamexiting the reactor divided by the ethyl ene
expressed in w-%of the streamentering the reactor.
to 53 ﬁf &ogdihé éﬂ hitt t@lfnp@raﬁﬂérﬁﬂ N&#tn th% H&Jkchesk fswihBfitrogen, and
rence etween t he nunber of carbon atons I'n
then switchingl te Sloefing sie abingidmgat thekicmipagpturh orr dut dihisgathlysh és
er _of carbon atons in nol ecul es of the conponent
des1g%q{@n£qxs19 alyg} $reactor di vi ded by the total nu%er of
carbon atons in nDIecuIes of ethyl ene con

[0066}p| eéQIaBEYUB‘PSﬂEf@F?zf@?@OE@W@FQ ‘é%f Prepgedin the %ﬂ?r ‘téfgggﬂsgfg% Ina
beakeg ﬁj’f ggoﬁ!{o mg%&%h \%s &Eéwéa%ﬁ %%1 99%%@DEDMAOH

nzene e nzene ,
(20%tag} arabﬂhb;dughlymed dedBﬁunaaﬁcﬁmmg gudrity bf‘l@ld)mtéﬂ water was added

| .
to thegeakity P bty eREtion ot Bios i gl sbia (CRSTP oy Nk A PR Papges
slowlbl RAARC aftElhe TERBLR 'Inlﬁ%% W%o%%ﬁlg&ﬁﬁ@@ iyl At dn b Qefaate

fypical transa ation z subsequent |y
beakerrea:&\s& gqxbmoﬁxﬁ” NaBradndcaf23t8tﬁeg petier bf TMABswek dissolved in 123 g of

delong%%l&ab%? uﬁ,t 10(1%%33/ dt tgﬁheb{eqr%ét? e é(%‘ig ]am% ﬁlgn ﬁle reaction

1€ Wathiow i?bd BirRb | Rekiene4 ¢ REL velasle free b rtion of
- kﬁg ' di pdﬁgﬁt hane ( EDPE) accou%??f oy ungeselergstis)po oo

ﬁnelytgrpmrmiﬂZMsS sdedtwas addast to e reastidn yixture Archibr yeagtiemixuEmyas

thoroy%y Eié%q%);gll‘, %t i aI k ltlgé Igﬁ)g@rz Qs ndtr%{%fegr%ﬁ %(%%A.],L%lrrfd reactor

and hE&%@&fb] 156°¢ weshr ﬁ{d&uéeateuqmsmc%m e O Bolig ipR@ludiOw Mtcollected by
zeolite beta and 30 wt-% al um na bi nder was prepared

centrigngatipm, vhshedywith delonigedowetar, yad dried imglr. Ale isolasedupduct wias

ident V2 SR SR SRS S, ERboh BB eated e

compdkiith bPHE hdota@éfﬁprb@tﬂﬁ td EnsiBl oftthy @emaﬁalpﬁ(ﬂa a2atied of 8i/Ald 5.69 and
foll owi ng manner. A 7329.73.g porti of  DEDVACH (20%
Na/Aérd}%véBwaw@ad Dt T Y DS BSR4 dredin the

manng gé@ for C{a %(o}r? \;@1% Rl gﬁdoftt &l‘ﬂ:ﬁ_rﬁeﬁ%ﬁ}l Al al&ﬁ@d in t}&e manner

resu g %50 roug y m xe
descr#f2Q GordCaalgn B, tiyd thbredRérdbi thisdampledhe BET stﬂfm a@i\d&a‘s found tobe

N O e
form ts/e‘glo%;) atarlﬁg é%‘u%xgsngé) k(?‘xzv't ON9M- %gfﬁd 69 - i a1 and activated in

del oni zed water was prepared
the nanﬂeratésl@daeti dort Cietalysta?; teixoept that O 1rvet-Srithsedhen theardigirof the UZM-8

and tlrxrel: gltnﬁer ofvl\\%gthctn n ?ﬁ\pmg’phly%emﬂ)o(seed(gﬁ/l ]S;ow rBhemlcal To. ?\ﬁrﬂﬁan%nMI

USA) was used as the extrusion aid. This catalyst is designated as Catalyst C.

[0067]  An aluminosilicate reaction mixture was prepared in the following manner. In a
baffled tank, a 6 g (on a volatile free basis) portion of dry UZM-8 seed was added to 706.2 g
of deionized water and thoroughly mixed. In a separate beaker, a 38.3 g portion of liquid
sodium aluminate, a 108.5 g portion of ETMAOH (20% aq), and a 4 g portion of a 50%
NaOH solution were mixed, and then added to the tank. Next, 137.2 grams of precipitated
silica (Ultrasil™ VN SP3, 89% SiO,) was added in 5 minutes to the tank, and the reaction
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m xture was then transferred to a 19-L stirred

reactor. The tank was rinsed with 1000 g of deionized
wowerdogosnt the rinse was transferred to the reBCT/U820861024305

m xed into the reaction m xture. The reaction m xture

was heated in 3 hr to 150 C and digested at 150 C for

290 hr. A solid product was collected by filtering,

mixfESA ML ARLOR KA Bk, TRCJEbEh B el Bansterred to o

2-L sm‘ré@)eac‘tbf fT}m@a@mnamahys was tHEh @eRted & 2 ANkl OGS and dlgested at
reveal ed the conposition_of the isolated product,

150°Ceford pa br. oft sphid Prodeferasollpgeeby egntialigaiongiwashed with gqomzed
Waterl\a{dgﬁnegl £80°¢Y isidora ﬁ)'?lgct%a{y: iderfified IOZMES Ibghs&}der x-ray

was amoni um | n exchanged using an i
dlfﬂae(mnfm@elss Blanienib awilysis rpedatediilye mm;g:lstnoﬁ)‘olﬁlﬁt’bh@htedﬁroduct to

consifigf Peloerial Sale ot SrPIBHEThED WA . NAPE T st G5 21.

The idoMeBRLIGAT WS %ﬁxgﬁ?ﬁ\]\rﬁ 2k R¥ndeli] WEdHEA. gand-ai‘i%d AT e

I on exchange an tration was’ repeated two nore
describednfa, CeaaigisttBl eOhe sqnirée afﬂmdmdmamnalemsma}aged imtoeendnabr

descrlbZ8 GFEHRT % Hotnl s i pole e hichedgre e g o be

505 n{‘z’% afiQhe AGoptRe %lﬁﬁhe Has Y)h@ﬂ ct/B ”R%Bﬁk%aﬁlﬂl@éf tBe Hﬁed Raterial was

presence of flow ng nitrogen, and then sw tching
then mmﬁﬂawdn inig aanatalsssh endrasttipied imthemhramer @sgeb@t for Eatalyist Bexcept

the cagézst-ﬁrgﬁlrg%g?#d‘ﬁ{ Wte%ip T 2 u(i&@ 8}% fﬁ% a ﬁa’a S’T}ffgrLGJ d tatols laesug,na’ced as

Cataltvi@i_her sanpl e of the dr| ed materi al was then
ormul ated into a catal yst conprising 80 wt-% UZM 8

nd
10068775 ;A2 alfritbliclf Bibriof Ml RASHERER (HORBOHH apner, Ine

beaker, r@m gdrtiof of AB(QEEdABR)A(94% N evaa hddrdriaa 386.73 g portion of

DEDYI R Sa e PRERURI 6. AGPER SoREIRI T tdgies

(Ultra’éﬁTm‘Vl\?SPS l%@'%)gl@) Wad KRB YRINB réhcBorMMixtdre1 A dtld?:huty of 600 g of
di amet er éxtrudates. The extrudates were activatfed in

deionizedmater was eddedtiy tHeeeaction nixt538 Thamd stlutieh eaptaining A387 g of

ook BSTAAS fn ikD REGS B o) 214G v miine. o
reactiB@ it t0& wds thbiBtigt e MPRKIFbMIEmidtes 1A 110, 0 PoHisn ER@YSYM-8 seed
is designated as Catal yst B. [0066] alum nosilicate

was ad@e&ictp |thﬁremtwn@méuwwdma§¢b¢re@ghlhnmm forl( wiguteg. desiwey UZM-8

seed iy r@a& Srg nﬂ%{/ttérg usgcﬁgé'%a]%é% % %E%ﬁj&%—lfi %%1@/% 2)1201&8? Hakion by

filterih$) @eRiHi@IYatlon]iok 6thef BEankO ThE Feacthorb@X e Gjtaa ﬂ{ehttbanﬁfarred toa2-L
dei oni zed water was added to the beaker.

stirreghespetph Reased for 98] (in R andsinen digeyied atlA8iG for %6 h«N A;pghd product
was cgl?e@ceﬁ' b%ltemg, washed with deionized water, and dried at 50°C. The isolated

product was identified as UZM-8 by powder x-ray diffraction analysis. Elemental analysis

revealed the composition of the isolated product to consist of the elemental mole ratios of
Si/Al=11.00, Na/Al=0.47, N/Al=1.17, and C/N=5.53. The isolated product was ammonium
ion-exchanged, washed, and dried in the manner described for Catalyst B. One sample of the
dried material was calcined in the manner described for Catalyst B, and thereafter for this

sample the BET surface area was found to be 493 m%/g and the micropore volume was 0.13
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slow y added, and the reaction m xture was thoroughly

m xed for 10 mn. In a separate beaker, a 6.58 ¢
w@enriassibf NaBr and a 23.86 g portion of TMABPCTHES®06/024305

di ssolved in 123 g of deionized water, the resulting

solution was added to the reaction m xture and then

t he reaction m xture was thoroughly m xed for 10 m'n

Next, a 14 on a volatile free basis) portion o

co/g. finetiey sagnie RethemrrGmstsad wizeforpaiad o piratalshend %ﬁqvated in the
mannfl disifed AP EatalRs HEARE ORI K ddRnileR of BOLRNOR! ¥ i xed

Feaction xture“was then transferred

l°069iﬁd " AR ol bofif e e M ARt Ssed § iRl tagy me
tank, 211993 Qﬁoﬂﬁ)bn SEDEDMMNOHM 0% aghaveb addedit 10 dgideidhzedwater. A

wat er, dried in air. The 1sol ated product was

781.88 genottidn cefdlqasi sogivingalbyinginarsradded sgwhite theagaqtion mixture, and the

B AR B BAROV ) B USPFE £ BB TRGR b s

(Ultrds0He VINaS P2 8994 Si8),) MasdlowhhddeditoNad Maétﬂ)rﬂrﬂlxuifb end thoroughly
i sol at ed product was ammoni_um i on- exchanged, washe

mixecfry 26 miad A Hoprg@mﬁrslwéw&weﬂ &fas €§|t9§te rBactleﬁ gixture

and tﬁe%‘ggcélr%n %&é C ree%ggdlh?%g [ﬁ@a@{ﬁh S to ) a an t er ea H?ltéSh q‘fhe peaction

rmxuixélwas tenphasféal BaT 9dusifrrdecatoza Tha tnk ouws dm‘seml dmm 8153¢ off
and the m cropore valune was 0, 146, c¢/

Anot her.
delonszaﬁrmaéer gnd fheainge pagtapsieier & theaeackas ARd At niopereaction mixture.
Theﬁe@é X@S{\gg?wgé o%@O‘W{mé’}g%gé Ibgf% I%Q aNSOWQ‘,%M@SgBurS A

I'n t € manner or Cat al
solid ppodaatwetshalledﬁecﬁby/vzten%fbmant vosshedeithvdeighizedvateh enﬂJM(Bat 50°C.

The 1@?%6 heﬁ&%&?a%@p%lﬁ%ﬁ %hg ]Mf é&xn’% \%%t,&f/ LS {f g%ﬁ%%&]?ﬁgl Elemental
analy§§ k{\}éélle&’ fhe%ﬂ'lgogiﬂbﬁ of@E AL preidER] GRaLRA tRScl&Rdmdi ¥adle ratios

lumnosilicate reacti on nm xture was
of svmem@ Wal Al=DHO, NAIF6:39 rrpd 6ANF622. The iolstepredict wmammomum

o <SSPt S b e BESH UL B8 ot (M ot

driednRRERUGAY ?z‘al&’hé@ﬂl thé Mhadne® ﬁ&%ﬁ?édafop @ﬁiﬁﬁfst B %na&hé’teeﬁ’ter for this
portion of |iquid sodium aluninate, 108.5 g portion

SampbfthEBMMf@maa‘qas formditoded3Q np e anddhe wicreposoypinaeryas 0.135

S [ nd t hen ad
cols. Fpptisr Simp o Bl maP Py LA RrRNERS B Q) Bl aQfttea n the
mam%P&escﬁQ@@ o CR)alyve . arldechtalist s ddsipbRE ab Catdlyt Fank, and
the reactionm xture was thoroughly m xed for 20
m nutes. The reaction m xture was then transferred to
a 2-L stirred reactor. Eyean@agta2on m xture was then
heated in 2 hr to 150C and di gested at 150C for 165

[007(\5}/a l%gg gké%n%fél :¢%ce S e Reks B BEMFIL | YRS Wllows. A

volume of the catalyst to be tested was loaded info a cylindrical reactor. The reactor was

equipped with a thermocouple in a thermowell located to measure temperatures at distances
along the length of the fixed catalyst bed. Dry benzene was passed through the reactor at
260°C and at a benzene LHSV of 6.7 hr”! for 24 hours.

[0071] Subsequently, the flow of fresh benzene was adjusted and the reactor inlet
temperature was lowered to a temperature 50°C below the desired distance average bed

temperature (DABT) for the initial testing conditions. As used herein, DABT means the
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water, and dried at 50C. The isol ated product was
identified as UZM 8 by powder x-ray diffraction .
w@e@lpeids? El enental anal ysis reveal ed t he conpOBU$10061024305
of the isolated product to consist of the el enental
nol e ratios of Si/Al=10.22, Na/Al =0.49, N Al =0.74, and
C/ N=5.21. The isolated product was ammoni um
i on-exch d, shed, and dried in the nanner
tempeglifs Sty &mﬁgagﬁg? caialyihed Eampsratsrerfie dipanse along the
talyBB6R EthpiiRis thkieh DAGk:it IBANRE irHa 36 Hdwe
caay@c?;lg A béthp th&hieh BRAkritHe Lufe ﬁﬁél ; g{ %@Pe catalyst

y B, "and thereafter for this sanple
bed, agddividingdhearewbyg thiedengih vhHihbeatalyst @l Freshcktlisiene was introduced

. ' I 0.134 .. Anot h anpl e of the

ot B o ST B PP Y R B e e Dol o/ Semtb foed

of thedBdsh behRMe, the B HRNBAY, aACBRTERRE A ctdralrhons HoRed to the
except the catal yst” conprised 70 wt-% UZM 8 and 30

reactogt The seagier indet tihberatue why sdjugted Wesiighaint td dasiraddd ABFsthile the

4.0 An al um il tion. mxture was
i I R e AR R TCNE
amougt ¢fabdyicd rédctdl effl €&ne GaBudidsted A theRactadléBderdiQuA sampled again.

. 386.73 g portion of DEDNAOH (20% ag) with vigorous

This piogesigvasaeppdewtiymearrementsindyamplesiwere ebtagiediat all of the

. ' YR ) s,.ad to th
desirsd ABTE R Pt R IR e BBl st
deactivati@r ocvasreddetedhd durbiien theetht perforfiantelbLeach ReMAIYBt was measured.
sol ution containing 13.37 g of NaCH dissolved in 48 g

[00729f dBhDRh7IEKE WAL waaD, 7808 SorliBe 188 of €REJsPA ﬁd’@% £ 0.92 hr!

with m xing. The reaction m xture was thoroughly m xe
for the tepts 26 Gatahystsdd and\C1 Ahegnqlarmtionf Geshshenrene tofidsid ethglede for these

et Y, SR ot i 8BS0 T SR I 8RBl per
cthyl 51086 i @Berlialy teSathSefl tHe ol d VA& BaPittdagh AIdRE total reactor
digestion and prior to isolation by filterin
efﬂueeb%w thyanelapratip of atyhsiounepersthytgtoupdsnet significautlyaéfected by
. I -L_stirred reactor, heated
recy"lp%sa{‘%%%@%&gﬁ%%f‘&gﬂ %ﬁ]?‘ﬁ%nsgrﬁi%&est ed at 150 C for 216 ;
r. solid product. was .col | .ed b iltering, wash
oo73]3f ; egifi e s (e e ol Rteot Sifs PanHIseR s from
214 td2 1390 Ghd RS 23Nt IdiPE drdshoWalvh §abi¥ 10 ER Eesﬁltriﬁ‘}"ie%lreishlj and in

diffraction analysis. Elenental analysis reveal : .
Table d derpo 8V aragenfron maasuremonts aedfoparadises atteacls teatsdositlitivh. Fignre 1 is a

I tal..mle rati of oL/ AL=l_1. 00, [ Al.=0.
oo ORI R § B80S ) s 20w hovs
that, iR 66MPAriEdh Wil £HobEE asifle ONBINREA, 2 RS i Cﬁaﬁy@% or Chasa

. nanngr descri bed for Cataly%f B.§Cne sanple of the
higher total selectivity to (EB + DEB + TEB + TeEB) at a given EB selectivity. Figure 2 is a
graph of total selectivity to (C4-Bz + C4-EB + C4-DEB) versus DABT and shows that a

process using Catalyst B or C has a lower total selectivity to (C4-Bz + C4-EB + C4-DEB) at a

given DABT than a process using Catalyst A. Figure 3 is a graph of total selectivity to
(DPE + EDPE) versus DABT and shows that a process using Catalyst B or C has a lower
total selectivity to (DPE + EDPE) at a given DABT than a process using Catalyst A. These
results indicate that an alkylation-transalkylation combination process using Catalysts B or C

for alkylation would produce more EB than a process using Catalyst A.
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dried material was calcined in the manner descri bed

for Catalyst B, and thereafter for this sanple the BET
wafmes1ar ea was found to be 493 nvg and t he PETUSIO6/E24305

vol une was 0.13cc/g. Another sanple of the dried

material was fornulated into a catalyst and activated

in the manner described for Catalyst D. This catal yst

o0 SEFUPITHEY OGRSl | U5l g e e

from 41 ta Sglgﬂhg ,sel@ct%v(;ﬂylﬂi %algl qaoh of the tathl slBEl@tWﬂSBA w {25 adEB + TEB +
t

v e S5 SRR uf i e

reaction m xture, and the reaction m xture

[0075f hor sagts S}mm%BTfa@d RAGF, 14 ghangs ingyAlpmolpr sadiaq (?fdhe BEM-8 zeolite
o 35 PR 5 R B Sl 1 R

selectiviey ©@UFgH hivd fital 8elleforityd0 (EB A DB ¥4DPB g TeBR)i ot 40f-4.3 R/FF, tests 4
sl ur rtggZMS seed was added to the reactjon mxturglﬁ,nfll_1

and 7ishewrthiset RbH2h$3G D@W@lqﬁeﬁféé and Srsboyrhis af 4#4°5nD
d .1 th
addﬂ%%?a%%ﬁe”eﬁﬁo% S AP e Tugeg es Lo

rinsed with 525 of dei oni zed water and the rinse was
transferredtothe r eact rxed into the reaction
m xture. The reaction mXture was heated to 150 Cin 6

wms?za R S TR B e S 08 e

@étaﬂﬁtf@f the Qék@s F Ef?ﬁnﬂ% 33 &tal;ﬁﬁvdsmtﬂyﬁd) the ethylene
uct denti f by powder x-ray

WHSdI wm a8pibot aaadaheympb:r reEioe:féreslabermm festreshregpdericapstlng In

Exarr&qgﬁetﬁ? 4>hcf ?%s? { ]g?r)d% g @}e%'ﬂ%,ocﬁ? %Etfg feffl‘u%ﬁt recycle

was S¥ped@Guiflg te@f‘@I ft/id\slieved thit@irimal @Itaﬂ?st deqgdivationdsurred over the .
anmoni um 1 on- exchanged, washed, and dried in the

duratirarthelrthe testsr ase gerfermegat al yst B. One sanple of the
dried material was calcined in the nanner descri bed
[007T]or Tht atsplts siywraimdl abhe? elafatvalag¢scﬁ0m mieaswenmohts andyer BEfyses at

surface. ar fou t 0 np/ nd the . .
cach Fh SO, CAPIR R thates soly e st A ERRe delpisiop repystine
react8f éfﬁgexﬁ%&ééséh e EQE9Ag tﬂe%m %16@%@&3{@ (EBmcDEB +TEB +

activated in the nmanner déscrib Catal yst D. This

TeER)awal gesteased ﬂheswtgmﬂe@dvmss toa(tCaﬂsm CE—E EB 2 apd d?ﬂb@ +

e BB e s 6 b S BB s o
non-8nfaB&d £ (HRSmpeRERhehvibOthan DPIE MdHDRE. reactor. The
react or was equi pped with a thernocouple in a

thernowel | | ocated to neasure tenperatures at
di st ances EXAMPLE 4

[0078] A volume of the catalyst to be tested was loaded into the cylindrical reactor
described in Example 1. Dry benzene was passed through the reactor at 260°C and at a
benzene LHSV of 6.7 hr™* for 24 hours. Subsequently, the flow of fresh benzene was adjusted
and the reactor inlet temperature was lowered to a temperature 50°C below the desired DABT
for the initial testing conditions. Fresh ethylene was introduced into the reactor. The molar
ratio of fresh benzene to fresh ethylene for these tests was 2. Then a portion of the reactor

effluent was recycled so that a combined feed of the fresh benzene, the fresh ethylene, and the
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along the length of the fixed catal yst bed. Dry

benzene was passed through the reactor at 260C and at
w@2@enesne LHSV of 6.7 hr' 1 for 24 hours. [ 00FAf/US2006/024305

Subsequently, the flow of fresh benzene was adj usted

and the reactor inlet tenperature was |owered to a

tenperature 500C bel ow t he desired di stance average

bed tenperature (DABT) for the initial testin

recycled ﬁ@ﬁctqr@ﬁ%uenﬁxﬂow%tp the reActer- @)@\Bﬂeaﬁt@%&e&tﬁ@?@ﬁ%& wegpdusted to
mamt\%%rtgig ld@sgﬁg t[g {BT. a?‘;% he'ﬁ%% % e%ﬁ?ﬁ YtcaP@rkt hETREE & fﬁ@%ﬁ oming

e catalyst bed, conputing t
feed c&ih&&tddﬂﬂ@éatilyﬁ das Ito"elefekotﬂnb]tdile niatukeof the rdabtormuAt Eﬂnesotﬂurlng a

he cat al yst bed, and. dividing the the | en
periog o & n LOCHAUEN & oo i FPBE RS BT P aERegs Y ersus
dlStaﬂeCE?]%S %\?t e B8} Were g;(&%ﬂs Fhe étE b?&tﬁglsttd'aﬁctfv%ﬁgﬁ Rlas takﬁn to be the

was Tecy at a cofbi ned feed of
rate off pﬂﬁgjnesblenz»éﬂmse tehpefates Iprcdilbs/ﬂhmlgh thanbked: H&mmn@ﬁ each

temperAyeR OB R i e G el GE fen i iR TSP the
end opﬁ@{el‘ﬁﬁéljaﬁqré A& 151%@63%6 é)eﬁaftﬁrte Wedtle VOR a&&ﬁﬁéﬁ&r@ﬁ@ﬁle the end of

anal yzed. Then the ctor inlet tenperature and
the adtive zamawas thefdistarcy i the hed attheintefsedtioaraf theakneay Fxl:webitlon of the

tincafipeidte (RPeBne S atEhbor 2 na 20F b PES Ry b Tprpperaure.

AfterBS Rt RbABAISH wak Uetefminb® at&Ri seesk tBABIAdif0Mk, efefrhtés BE fresh
recycle ratios (R'FF). It is believed that m ni mal

ethylmaaldyf@sh Bengens ward inereessd Ghigher IHRY) innsdesiip aeqelsate thgrate of
deact glgerfor mance of each catal yst was neasured. [0072]
THE%t hyl ene WHSV was 0.76 hr 1 for the tests of

l007932t a%fﬁg feéﬁés %% 519@%) ﬁtt@ hi%? Z.Aig F%%ch‘&#sf%%ﬁlt@ﬁ %f’éﬁk & to

compfafa%fehtnﬁEM SRent @H’e &eﬁ&%ﬁbﬁ $dtS oi’\@§ta1%rst Hbas Bhé& Fenft}f)ﬁlat of

hese tests was . Because the 'nolar ratio of
CatalamA Sftouths eﬁwlenet\’ﬁI;ISVg\msupcm@eé,stbe dedctivatjort tate efdyatalysi A

s R b 5 R D Rl bRt Gt o

the c&hIg¥t!bed @ﬁta‘l}%t R%nﬁh&!&l' B'd@@dﬁﬁvbﬁé TulrRglceehpRiableatin & dn@ream,
any portion of the reactor effluent stream [0073

]
the dm@uatzcm raie@fﬂammt iErplya dpgreasediang remaiged myh flesp dwithag of

ey A TR BT IR AR

decrehsell 13 rhiith kA& tRe dnd 6f tBE a@itRIA8€ stbpFed rﬁBﬁﬁg ltcema me outlet of the
and/ or anal yses at each test condition.

e i.s
catalys h%mtsirlnsté@chmog@i f@@«ard/th@ynlﬁ%pf(t@catalw@ﬁ %EB lsrevrtémfd by the
negat‘i'\?e szcﬂ)se (pg 32@6304?1 él}‘ ‘#e%&ﬁ%f %gqo%g{%\ﬁ'sbf tt}%g%ngsdﬂllljés:%g@ Eﬁtﬁﬁrgt Zone
Versu%‘hiﬁ OtBdtreBmO rThis iﬁatamandlcates that the using Catalyst E with reactor effluent
recycle in an alkylation process would permit increased ethylene throughput and therefore

increased alkylate production for longer periods of time than would use of Catalyst A.

EXAMPLE 5

[0080] The experimental procedure used in the tests for Example 5 was the same as for
Example 2, except that Catalyst F was used, the olefin was propylene, propylene WHSV was
1.07 hr', and the molar ratio of fresh benzene to fresh propylene was 2.9. The R/FF was 4.9,
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hi gher total selectivity to (EB + DEB + TEB + TeEB) at

a given EB selectivity. Figure 2 is a graph of total
waEelgoeisvity to (C4-Bz + C4-EB + C4- DEB) ver suBCDB&D06/024305

and shows that a process using Catalyst B or C has a

| oner total selectivity to (C4-Bz + C4-EB + C4-DEB) at

a given DABT than a process using Cat al yst A Fi gure 3

is a graph of total selectivity to

7.2, aphBT-4awmd theprepyienaconcoprgionsy ﬂ@sﬁ%}?l@%ﬁ %Ptifgﬂas %7th-‘k§ 19 wi-%,
wnd 1065 SRR, Yo RUBGEY bl Balbier byl mpuas Ssentaly the

same irefid|combinddirert@ fedibdtreain aalklyd tatal esactor afﬂmhkstfeam amd therefore
conbi nation process using Catal ysts B or

the mg]ag yatierqf gry1GBHNY PEY FADHSTRL 18 DR lgwﬁﬁarglymf@e@ééyagwﬁang any
4 t
portloﬁiaiﬁhuy I%ta%tﬁr 1919%‘% str %’ép?ttlgbﬁiggfre? ;/ﬁaggldzgﬁazgé’tﬁlkst%ﬁggatmn
occurfedooned tht dueatB®nlhdthiee etk ecteé pirfoymed. EB and each of the
total selectivities to (EB + DEB + TEB + TeEB), (C4-Bz
[OOSlT CATEBretulkedshoB ih Fighinél4 fRiveragbittih ri@RBierdtsR@d/or Ynalyses at
the sane. [0075] At the sane DABT and RI'FF, a chan%
each teﬁt c@mmOg @ 4 shawothafregyelingimprgroagior pilient ippteased dige total

el AL SR B

total select|V|tyto(EB+DEB+TEB+TeEB). At
4.1-4.3 R'FF, tests 4 amg this at 217-2180C
DABT while tests 3 and s at 2440C DABT. In
dditjon, the total selectjvit
[008 FXRFEEIBLA BEPCEIARRC i f@ﬁ%éﬁr%mawé&waﬁ e o for
Exan%'ié’?,ee‘iwég i @ﬁtd%}'?bt BReastiged, Shd &Eﬁm%fc?yﬁn@%dttﬁ@nﬁ%tlo of
s for anpl e 2,

except that for the téests for
fresh Bruaaept &0 Beshhropyders wast2.4vas Cat al yst D, the et hyl ene
VWHSV was 0.89 hr 1, and the nolar ratio of fresh
[0083%/8 nZEherdsoltd arg showei hyT#he4 nas thk. 18w WHSES«mmrlitmlnB and hte
FF was 4.3 during tests 1 an sequent | vy,
compagakia pese strrams theddepetivatign sate 9%%@1&8& ﬁ@S%&ftthaé of [Gatalyst
I I v,
A At B IEIEE WHRN P iReech d¥§°‘“ﬁ§“ﬁ?€fé%eﬁm%a?§ystf* fmereased by
a factpeof Dwihid dufifdothpafiide tines bh strednotie deactfabberfe af €atalyst E
aver ages from neasurenents and/ or anal yses at each
decrepiedt condition. Table 2 shows that at nearly the sane
et hyl ene conversion recycling reactor effluent
increased the EB selectivity and the total selectivity
to (EB + DEB + TEB + TeEB), and decreased the total
selectivities to (C4-Bz + C4-EB + C4-DEB ) and (DPE +
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EDPE). In addition, recycling reactor effluent
decreased by at | east 66%the selectivities to
woewrassmat i cs and to conpounds heavi er than DREI/ERIN06/024305
EDPE. EXAMPLE 4 [0078] A volune of the catalyst to be
tested was | oaded into the cylindrical reactor
described in Exanple 1. Dry benzene was passed through
the reactor at 2600C and aﬁ“lﬁ E)enzene LHSV of 6.7 hr 1
for 24 hours. Subsequently, Be flow of fresh benzene
s—adjusted-apd the reactor inlet tenperature was
Catai red ta a t brperathire 500C hel ow Bhe desiréd DABT
Teplor the initial téstilng Zongit8ons. Aregh 6t hyl e6e hasy
Rdcydle Ofieshefeed ntB t4® rleadpor! e foldr ratg.p of 43 efh43
rafigRgene to fresh ethylene for these testls was|2. Then

OlBfiPirick:RthiiBh irf '€ FEAGT 05 oeT T THRNT | Wagsy TeCYCy € 50 TNas o
cofbbR éeﬁe&;t /eeJI of tHe fresh benzene, the fresh

T T30 TG MU SR TSI IR VT A G o T

(G ed to malnld3n l neldieli 284 pngid 1 23943;@844” 7
Etm@nﬁ:. WHSYabEat hi 096 Hed)-7osk @80t heOOAcnDHE 1082 | 0.92
Ethydencaoneatsiohe £a9%83/9t 9892 { ®9%Ne | S008sherdf.88 ndole| 69.63
mdllé reaction. At tings durihg a period (e.g., 100

Selwativis) ndl-9%4 est | condi tji ons, f{enperature profil¢s (bed
Egnperature vef sysyi[Shange t7f5foqu3f‘76“fbe Oago VWeisq 1 | 75.77
REOTHEE + THE + fidd & C@b‘éls>”‘9%°‘*‘9¢ 89 64 Y 9‘9;’6@“ '99.65

be the rate of "prqgressi pn of se t er at’ar

h tha lhad The-posi-ti-on r each

-—&é% rbf Prd iad-Het n%§6b/ 0fe en@oéf tHhao | 0.14
Ve _zone, \Ni(‘h wds a nmeasure of thelend of the
DBEpFRPEr e ribeOilf tlhe)-8%nhed.af uf e0Piofi D5 On0.82 | 0.01
tenperature profile, the end of the active zone was

the distance in the bed at the intersection of the

| i near extrapol ati on of thggdiémear part of the

tenperature rise and a horizontal line at the maxi mum
B,Stlenpel ature—After jtherate—of dcapl vattof—was—
—gtﬁc. rhred—at—enre—set—gf—test—econgiti-ofs,—therates—of

esh-ethvl ene and fredh bernzene here |2nr~rpad ed 3

RPWPJMéﬁeshqudgationWHW&er to atdelerhte t14hé rate of 0
Olpéiaconeeatration incomPkd THe re3dits hre shdwn i h Tadld 3.
feed, wté | ow WHSV condi tijons and at| conparabl e|ti nes on
Inddt ked@peratideee@leact i vati gn ragog of [Catalpsst E \Was 226
TafsraeRiMefdat of Catallyst g ATTpr Thggethylene YHSV
ElRRn: I ﬁﬁ)%omoIQE dea n’v?bif)n rpre ‘b € t=i ybl2§\9
AR E AR

yanta theepa—or—tne—agttve—z2o6he
s

HHuet—to—noeve—tovwardthe outlpt—of
EB 73.1 73.1 60.9
EB + DEB + TEB + TeEB 99.55 99.61 97.76
C4-Bz + C4-EB + C,-DEB 0.06 0.13 0.65
DPE + EDPE 0.05 0.02 0.08
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the catal yst bed as Catal yst A continued to

deactivate. During conparable tines on stream the
waele@ecnissat i on rate of Catal yst E al so decr easePlCEHNBS2006/024305
remai ned nuch | ess than that of Catal yst A 1ndeed, at
t he hi gher WHSV conditions the deactivation rate of
Cat al yst E decreased by so nuch that the end of the
active zone stopped noving toward the outlet of the
catal yst bed and instead ndeeld3t oward the inlet of the
catal yst bed. This is evidenced by the negative sl ope
Catalt . -0.0004) of the plrot of thejposiAion pf thg end

IBWW@E‘a@Bﬁéfﬁorﬁat alysSt—zone Versus|[time on S{ream
| w
F
\

Rechelsy ficsh foed 1'0?"3‘0 DTN U - N SN
mcﬂmm%é&igeﬂu%%p ht oualdut ahd 2.9

+ Jndet gepesatita i ased al kyl ate pr OdU“tI 0808 or | ongdés
pBABJH&Cof tine than woul d use of CataPlst Al EXABMPLE
SEMORBOWHSN, leXper i mental procedurf us@@7in {he 08sts

T DEacki¥a i e Xiv@scel/ RRitSide as Tor Exampiog 2, | eX0@pb3
H @o)diliofs Was_Used, T[he of ef {1 was propyiene,

B R R AT A - X
Ol5Ti coricctslon;i gomiaad el W dhogt aho_oddbont £ ats A L
¢ nlst fomrsrates, fC‘ppd was 2.7 w-% 1.0 wi®® anf 1. 374
wEthylene BEFSGitirvel y. The molar ratib of LAyl group&6per
pPegeiivatgmoslp, disameg @nititiald y t he sape iD02he £ ondl00ed
reactor feed streamand the total reactor effl uent
stream and therefore the nolar ratio of aryl groups
per propyl group is not sigghtigcantly affected by
recycl [ ng any port| on of the reactor effluent stream

ad hat nnl ~ant Al \l(\f n'\r\f I \l t1 AN
dﬁalﬁfr ed-over the durat '| onh_that tha focﬁc were IE
Law WEHSYeGondiims1] The results showd in Fi gure 4 are
aReayalgé &resh toad rasigsut'ehent s_and/ or_dnal Vis®s al eadtd
t @kfin comuntratom in Poigbined &edjwotats t hat| redyZ| i ng mosd
rRRS tedipepfifrb LNt i ncreased the totdl sehectiVityl4p
CHRBIe€ T PB) . di propyl benzene (DPB)|, —aRg 161
ESQLAPRSTARTC (TPE) - EXNPLE 6 008 e LT
e ntat oceatr use A—t e rest oA e
e Uactrghlopél e, gtaxlpc,q:/ p&t@éﬁ—@é&—a \()Cﬁ)éc
EQL‘WIHS;\HEOH ﬁBOI?tﬂ efin was pr nn(/I ene | and the I ar

(Reayele dfresh feedrabionwtévie t o fresh prdpyl 84 wab 2. 4.0
[ OB88 ordeatratmauh tembined &edywt-Yon Tahl e 4.7 At | he Udw

VIHRY tepgreehitire, s and at 141 142
Ethylene WHSV, hr'" 1.88 2.03
Deactivation rate, distance / unit time 0.0085 0.0005
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conparable times on stream the deactivation rate of
Catal yst E was 38% of that of Catalyst A After the

weedhwylesser WHSV was i ncreased, the deacti vati onPCHUS2006/024305

Catalyst A increased by a factor of 5 while during
conparable tinmes on streamthe deactivation rate of
Cat al yst E decreased. Table 1 Tabl e2Table 3

Tabl e4CLAIMS: 1. An al kyl ati on process for producing a

CLAIMShoal kyl ated aromatic, the process conprising: a)

passing an aromatic feedstock conprising a feed

2{12?? ;IAIhﬁgq}j@glog&!fnP%as%ﬁ d%rot(aﬁgm OanH{ohgélﬂﬂat%d Clarfdkic, the process

rea

Compﬁgﬁgl ated derivative of the feed aromatic haV| ng from

oneto six nore C2-C4 al kyl groups than the feed

ar omat i £ %a@ﬁn@#ﬁﬂoﬁfa’h@@ee@%& Yshprihb & eREatdha, aloleﬁmc
solid catal erein the solid catalyst conprises

m iéedsrmk@umpmsmgtadﬂzl-ﬁlndeﬁm@lndtae afiditippa) siiedra pempgsing an alkylated

k | east. Al (2 tet
R ook AR B LA o
bEAfPé ?eeﬁ)épcﬁﬁa?tﬁ:e% HY a1l atediPdatdl g bed O6ritaihingaf sohMﬂEhﬂaByEf wherein the

1-XExSiy0 z where Mis at | east one exchangeabl e
C &HOﬂldmatal'yst' cargprises a mitrepeeus erysriline @eqlma ha,v1@ a &qygred framework

var r

AR 0 i Bl 5 BB G PP e
qUahO a5 BaskdBRpésden 6dr @fpiricsli farmadlebfar y anmoni um

cati ons, protonated am nes, protonated diam nes,

protonated al kanoanm ngs WAQPE $1,0}, zed
aI kanol anmoni um cat i ons T s tRe mole ratio of Rto

ng?lrgé/cll and 1038 ééﬁ%héf%eﬁ’gl? %ﬁt% 9 % e mdle raid otf 'M to (Al +E)

average va and a val ue of
andovaries flohe0 wed. gJR &xcht daost @@eargaﬂoemmnnuﬁn Rametmﬁdaﬁom the
value of 1 to 2, is an el enent .sel ctedfrom1
g n[ﬂ;Hum cations,

gr BOBP EORRTIHELIOh guefﬁm@w AR, G3Hons,
| ngﬂowﬂa?eﬁdmﬂhég Pfdtohated diamines, protonated alkanoammes and quaternized

alkanolammonium cations, “r” is the mole ratio of R to (Al +E) and has a value of

(1%}

0.05 to 5.0, “n” is the weighted average valence of M and has a value of 1 to 2, “p is
the weighted average valence of R and has a value of 1 to 2, E is an element selected
from the group consisting of gallium, iron, boron, chromium, indium and mixtures
thereof, “x” is the mole fraction of E and has a value from 0 to 1.0, “y” is the mole
ratio of Si to (Al + E) and varies from 6.5 to 35 and “z” is the mole ratio of Oto (Al+

E) and has a value determined by the equation:
z=(men+rep+3+4ey)2

and is characterized in that it has the x-ray diffraction pattern having at least the d

spacings and intensities set forth in Table A:
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t hereof, "

X
fromO to 1.0, "
wapa7vessies from6.5 to 35 and "

y

z

Oto (Al + E) and has a val ue determ ned by the

equati on:

characterized in that
pattern having at

z=(mn+r p+3+4y)/2andis
it has the x-ray diffraction
| east the d spacings and intensities

" is the nmole fraction of E and has a val ue
is the nole ratio of Si to (Al + E)

" is the nol ePCHUBM06024305

set forth in Table A: Tabl eRald¥ Aal kyl ating the feed
aromat i ¢ wth—the—E€2—c4—of efi.mlirrt'ﬁe al-aH-at+o

catal yst bed in £1¥e preslence éf X he sql i cm@%t al yst at
al kyl ati onfcondititogs to a goatkytated

aromati c, /\hﬂ@%’@ﬁg nﬁnoZ?#i}F&tﬁe afomati ¢ hap one
nore C2-CA[al lgy%dg?gfgp Tjhan, ThHe fH1&RP ar ongpric: and )
wi t hdrawi ng an éffluént |stréam compri si ng the

monoal kyl af ed gagzanaghc flr omotdoe. abkyl at i Q. gat al yst
bed. 2. The process of claiml wherein the alky]ation
condi ti ons| ca9m2-s20.49 cdncenspatd 3 off the-@- H
olefin based aon the weight of the feed aromaticl the
C2-C4 ol ef | n,2183d-2Dh&4 al |kyl 4086 3d&F i vat i ve-of the feed
aromati c pf j 4 n Step
(a) of atnpst24717-32.35 (3. FRB-prdless owcmaim 1 or 2
wher ei n t he—gkytated—dervati-ve—of—the—feed—arpmtic
has two rm'e@zgczlég?@yl gr odps *Han {he™ By

aromati c. 4 —The process of Ttarmmi,—2;or—3further

characterized in that the additional

stream conpri ses

Ayl at 1Bn CakotEe e EabpPrand SRR CrURT myhe gaton

al icaRbt tedfih tRbrésbndd U 1R dolid @athlySitat
aromatic and the C2-C4 ol efin passed

catnpalkylgted argmaticeyhergin th mgnodlisdaied gomatic hagame more C,-C; alkyl
pr f l.ai ns
ch roag)fQt léa%l t? ggéé fl(r%anﬁaat\]tc’ ?Ihde

conprise, a

rati o

1, 2, 3,

or 4 further
al kyl ati on conditions

b Fp e

[
al kyl grcz)uprrg"fl%'r‘ajfa“ﬂﬁ%?n %fr

he C2-
f maRpa

atiéh MR RS form a

a

o the al kyl ati on

]g?lated aromatic

Cl §ofbthd alkdlatidn cétaly@bed. Wherein the feed aromatic is
selected fromthe group consisting of benzene,

na|c2)ht hal ene,

ant hr acene,

tetralin,

phenant hr ene,

and

The process of claim 1 wherein the alkylation conditions comprise a

concentration of the C,-C olefin based on the weight of the feed aromatic, the C,-C; olefin, and

the alkylated derivative of the feed aromatic passed to the alkylation catalyst bed in Step (a) of

at most 17 wt-%.

3.

aromatic has two more C,-C, alkyl groups than the feed aromatic.

4.,

The process of claim 1 or 2 wherein the alkylated derivative of the feed

The process of claim 1, 2, or 3 further characterized in that the additional stream

comprises an aliquot portion of the effluent stream and the alkylation conditions comprise a

weight ratio of the aliquot portion of the effluent stream to the feed aromatic and the C,-Cy

olefin passed to the alkylation catalyst bed in Step (a) of at least 0.1.
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al kyl ated derivatives thereof. 7. The process of any
of clains 1, 2, 3, 4, 5, or 6 wherein the feed
W@e@m@mbide7 conpri ses benzene, the feed ol efi n cPOPUSREE024305
et hyl ene, and the nonoal kyl ated aromati c conpri ses
et hyl benzene. 8. The process of any of clains 1, 2, 3,
4, 5, 6, or 7 wherein the mcroporous crystalline
zeolite is ion-exchanged and contains |ess than 0.1
wt 2% of THE REACRSSA @nxpi%daimsé, 2k ph4 frather ehargterizhéin that the

. . ' . .~ 8
B85 5 e Mo by oy o B a8 s oo

6. calcined and is characterized in that it has the x-ray
diffraction pattern having at |east the d spaci ngs and

[ 1] set forth in Table B: Table B 10. The
Ippgigzls Igg %mss(pff apy of glams 1, 3, 3, 4, orfp whereig thezfee@arogatigis selected

5 fronY¥he "gﬁiuB cBHs‘?stiﬂg(Hf B&%Héd %aﬁl{tﬂaclén%l, éﬂltﬂ@c &k ,OLJeflrltlﬁl, bﬁen%%e%e, and

alkylated derivatives thereof.

7. The process of any of claims 1, 2, 3, 4, 5, or 6 wherein the feed aromatic
comprises benzene, the feed olefin comprises ethylene, and the monoalkylated aromatic

comprises ethylbenzene.

10 8. The process of any of claims 1, 2, 3, 4, 5, 6, or 7 wherein the microporous
crystalline zeolite is ion-exchanged and contains less than 0.1 wt-% of alkali and alkaline

earth metals.

0. The process of any of claims 1, 2, 3, 4, 5, 6, 7, or 8 wherein the microporous
crystalline zeolite is calcined and is characterized in that it has the x-ray diffraction pattern

15 having at least the d spacings and intensities set forth in Table B:

10.

Table B

2-9 d(A) V%
4.05 - 4.60 21.80-19.19 W -m
7.00 —7.55 12.62-11.70 m - vs
8.55-9.15 10.33 - 9.66 W - VS

12.55-13.15 7.05-6.73 w
14.30-14.90 6.19-5.94 m - Vs
19.55-20.35 4.54 —-4.36 w-m
22.35-23.10 3.97-3.85 m - Vs
24.95-25.85 3.57-3.44 W -m
25.95-26.75 3.43-3.33 m-s

crystalline zeolite is UZM-8.
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