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WO 2006/101555 PCT/1S2005/046628 PROCESS FOR THE
CO-PRODUCTION OF CUMENE AND SECONDARY BUTYL BENZENE

WO 2HNERTEROUND OF THE INVENTION 5 Field of The IRGEATMTirs628
present invention relates to a process for the alkylation of organic
aromatic compounds. More particularly the invention relates to a process
for the co- production of cumene and secondary butyl benzene by

concuprROtEaKyIHRIT e ZeIERU T TRYIRSFan o iy e ngdMore
particularly the investion rgiaes BT YD presgss\vier the concurrent
co-production of cumene and secondary butyl benzene in a distillation

column reactor WheEKBB QN2 GEdThen HEHMDMefin are concurrently
_ separated from the products by fractional distillation, Related Art Cumene
FieldgidT bedoantipbutyl benzene (SBB) are currently produced by the 15

reaptiopakbeNTARS @K HRKESREEISRIEHS. fof - tRICHMBRR AT RUDHEDG.

by.acid catal S|SM§ some known processes the catalyst is hlghp/
Ao SO AR 8 T AT ek BHOR IRESRIg Teletes e prooPan Bkiemses
prodotiaturineymede tedsseguidenpediodit segener aljosoregrenalesidabting
benz3¥ ST D SHAMEURIEIYOEIE RREIMANANG DTSRRI PIDRKLCS, -

polysubstituted benzene require low benzene conversions 28 per pasg
ProCOREHPAGE ConfHETREGRIBrRf BRI AfiIGHAIGI® eassescandarPatdyitbenzene

in a4dffiliatibh a6l o Pedebriarlons #iEAIghiRRssAlkyIBIoR ol A ABaHCare
compounds usjng molecular sieve catalysts in fixed beds, however, both

conCH BN AT B P HE e A LR B st

RelateetAsgsitates frequently shutting down the unit and regeneration of the

C 7 3,254 both disclgse the use
o e e e e A AR
reaciopkii PRNERREAFED BIErTERREF thie dadiitalyastsPropiter sseatestylatsnby acid

catalfshd3 (HLBdiiss IRsen pravassdanthealyRtismpfhhearrngwithe G34e,

o o o e o e

perioght/EyFhetBried. theopagensiewanfide isxarrodsisyfofthe reaction and

thet&ﬁd@%‘fﬁtm&fc‘é‘ﬁg %@&&tgg?%ﬂ%'%%%iPeeB%\?an%r%Q%&Jti\(/glt%ﬂ)onns
of benzene comprising contacting the |

per pass with large volume recycle in conventional processes.

U.S. Patents 4,371,714 and 4,469,908 disclose straight pass alkylation of
aromatic compounds using molecular sieve catalysts in fixed beds, however, both
references disclose coking of the catalyst as a problem which necessitates frequently
shutting down the unit and regeneration of the catalyst. U.S. Patents 4,316,997 and
4,423,254 both disclose the use of acidic resins in fixed beds for the alkylation of
aromatic compounds. Coking is also a problem with these catalysts.

United States patent 5,243,115 discloses a process for the alkylation of
benzene with a C, to C, olefin in a distillation column reactor containing a fixed bed
acidic catalyst in the form of a distillation structure.

SUMMARY OF THE INVENTION
Briefly, the presentinvention is a process for the co-production of cumene and

secondary butyl benzene by the alkylation of benzene comprising contacting the
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WO 2006/101555 PCT/QS2005/046628 benzene with and a stream
containing propylene and butylene in the presence of an acidic catalyst.
WO 248 ¥4t tion may be carried out preferably in a catalyti@ GRSt 6i128
which the process for the concurrent production of cumene and secondary
butyl benzene comprises: 5 (a) concurrently: (i) reacting benzene with

benZBfRAVIBNShaRAshUbAS BEHHAFRIGRBATIONS A JIBIMPBIRAIHeRNJNERSUES N

. the presence of an aromatic alkylation catalyst to form a reaction mixture
acidlg SalalHing (MFAER DEIBORE CHIEA P EFGSRNG drreabrbecistlitune,
in whicimiere e setmritarydmatytbenzedacilih(if sepanaiagdhesvieastedtyl

b 2%% zene, I &acted propylene and unreacted butylene from the cumene
en an% sec r':lggry butyl benzene by fractional distillation: (b) recovering the

unreactdé)béﬁ&é%?ﬁﬂﬁféacted propylene and unreacted butylene as
overheags: raBetika (ALSRYRIADBHNERE AR SESRIAINALIYLRERBRES!

as bottoms. Suitable acidic catalysts include zeolites such as molecular
tempEAJHES (Eh TSRS HER A0 B O AR LIRS MRS elAbhytfm
a reaviiie siéverercoatiiningxechaage ddsimoatalystisqutedaneshife Agnamneac s

0 1d.fl catalytic contact as described in
bty g C@a%rf‘t%ﬁé %%%gﬁ%ﬁ@%%%%ﬂéhd 20 4,443,559 which are
incorporéited $RABIALIAGHER erirasie dranagnerpuBsERasicthepredene and
unreMe@tw@y;mtﬁm"@@@M&%ﬁ'@@migél&omw%ﬁ@%ﬁ@ﬁéﬁgy%&zaﬂgﬁ
distilR other process of concurrent reaction and fractional distillation in a
@6 n, i.e., a distillation column reactor, regardless of the designation
applied thgrecco8rBR|EHfe DESEREATHRN-Ofe THErERBW INGpbee and

unreE&%UBﬁ&%ﬁé&?%@@rﬂ%%f%ﬁﬁntaﬁon of a preferred embodiment of one
species 0f the present invention. DETAILED DESCRIPTION OF THE

INVENT{ONCERESHRS FURE A MGHpRmMasm B e esdgttome
digtillafine aoiinraBly@ackrleaRoiREalovnthe diRtilatien SRAdioMnole

siev e%zéene?ri dTh%ko)E?anig%gﬁomatic. co ouend fee | m@?/t%e add[ed iat any p.oir_lérin

reactor, Ho ' LRSIEBIY i REC AR SR 6P th & B St a
exchergetimsinomatahstfprepaisd, imeordemer ackist@allow fluid flow through the
bed for catalytic contact as described in U.S. Patent Nos. 4,215,011; 4,302,356 and
4,443,559 which are incorporated herein in their entirety.

For the purposes of the present invention, the term "catalytic distillation"
includes reactive distillation and any other process of concurrent reaction and
fractional distillation in a column, i.e., a distillation column reactor, regardiess of the
designation applied thereto.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a schematic representation of a preferred embodiment of one
species of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The olefin, i.e, the propylene and butylene, are fed to the distillation column
reactor at a point below the distillation reaction zone. The organic aromatic
compound feed may be added at any point in the reactor, however, preferably it is

added at the top of the distillation reaction zone as reflux. Also, in order to achieve
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2 WO 2006/101555 PCT/US2005/046628 high selectivity toward
monosubstitution (which is a preferred aspect of the present invention),
WO 2eF81%, large excess of the organic aromatic compouffel{BSgesdisits in
the reactor in the range of 2 to 100 moles of organic aromatic compounds
per mole of olefin, that is, the net molar feed ratio of aromatic organic
high SerBeRkpdRlain mmsubsRRRA iviich RILAHIR RS a¥plRTUsPEratet:
.____Sp as o maintain a substantial molar excess of organic aromatic =~
inverBiga SHHIA oA R RS LB A HBAE SEATHG RO PR G Bdenatslidn
the rélaatamolérdhengretézed tperatieg obodjtinhssebneadalytiogistiltasios:fontbe
ylati inetic rate for C4 alkylation is of th me
i AR e o e e Y

be clemghiey Telstalheipthiiariysiericivi Feietesn cro@ikpritiat thegastrntial a
molaMeldiednels BrgtiecCaandifed Aidatinasidt indmliaveththabiRess zone.

roperties are the result of the catalytic distillation mode of operation and

Surpﬁ 3%5%’ Tﬁerﬁ%sé c%r&\‘?\l BF@&G&%S&G‘F%W@@SW&'%M&%@I

catalpindistidatiiefatkiatiky ptmuct ietretdgiteskbeiin gamater®) akgiasion is
ted. 1] f all ottoms. Th

o nE R UoniBIRU B NSSTOS S RISIRS, T

sligh{iy,iggtanaythére)the seiraddbove theowenerlibjedp i dingams enlargwlar

basi£reess Of Hiri arganigiAemalicieeRoLath 4t JoRinoperion Rk e rlsfin
IS re aration and recovery problems. The

ted: th duci h
of g S A R R E e aA o FAr i sae Senourront
prodmtiwimésmssoeiamdwIk_anityhb&hmn_bgqause th.e reaction i;
00%%@:&@%{3{5909%&%% @ée%ubi@f g{@h&?@ﬁ%@ dustisi the
removedTrom the reaction zone as quicKly as it IS formed. The removal of

lowegpodiRg/atitie SR Wk 28 Py bSiriatIatie copiitiompbtnes
are talkydationdorighiss el aamiRieatonAaifd afierSesenbibecaysn,

th ic aromatj und is boiling, the te ture 25 of th
o R B B AT e P oA P 5

majop ms‘égrs:_f’rhe dlefun & mtewmetimpwegm m&rbﬂxiinm; d}tﬁdﬂx@ery
problBYHEaSHIN JRRRRIAHF G AR tSHRAGHORRAR 2R 'Uﬁ@%@&%ﬁ%&ﬂé'% the
__force because the reaction products have been removed and carinot
PrinciRiptriBeReYs g de Vil distiiation (LEretnArgRISePHRCTBRINBD Ksagvexiig
concargiedy Winiaftnante| tawenithe reietioh aaieniaRchlsHERANHRS reaction

zoneBL8ER ¢ e ERIRLEY LR P8 SIS S imizes
polysubstitution, decomposition of the alkylation product and/or oligomerization of the
olefin. Second, because the organic aromatic compound is boiling, the temperature
of the reaction is controlled by the boiling point of that component at the system
pressure. The heat of the reaction simply creates more boil up, but no increase in
temperature. Third, the reaction has an increased driving force because the reaction
products have been removed and cannot contribute fo a reverse reaction (Le
Chatelier's Principle). '

As aresult, a great deal of control over the rate of reaction and distribution of
products can be achieved by regulating the system pressure. Also, adjusting the
through-put (residence time and liquid hourly space velocity ) gives further control of
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through-put (residence time and liquid hourly space velocity) gives further
control of 3 WO 2006/101555 PCT/QS2005/046628 product distribution
WO 286 Hé8ree of olefin conversion. The temperature in thBGEAS00586628
determined by the boiling point of the liquid mixture present at any given
pressure. The temperature in the lower portions of the column will reflect

prod {REeRnBLitdHCsha &G RGN T Shab RASh Of e COUMBRIGH ! rggrc]:tor

. higher than the overhead; that is, at 5 constant pressure a change in the
is deipiminga R sARLNG R hint ARG RIRF AR @R ENE P rIgS EtIre.
The teomprtitienrithtnwelyrortiohe citangeltherteimpeiatifRsen PrRsRIN 8fitie

. t lin th fi is th led b
et R I LB e A b SV e Wb
consipgiPseElranGAceSETdhe feometrbihel dpprysiatedritiatinseattivge in

the réigiiliatiomasdnampbidiillktion dbrrads befAdigdmhasadintainaine
reflux)sind ava orﬁﬁJhase. Thus, the reactants are partially in liquid phase

PressiiidR diNee for LRBPEAGUE SO RN R IRAFIeRRoNSdS IBY fororiritrs by

the prehsreghtirecasng thapiectivationcsepatties produsis@adisingasted
]glnd a vapor

terl providin enefits of. a liguid.phase system.
ons e L A B R A P
distillagangorents bxfon it ikabasn Gyisten eined aatheirasontassit e, the

reactaAtalyed patighIweUidlin s GRAMYEENGRINS SariBLLR of thefeagtion
¢ S%SBTm gr:omé)o ents. The reT_Ient alkﬁlatlon reaction can be carried out at
of mQEHIRR G AGHEP- MARCREheAE BRBCLIT dEclBnANeS AnaFRGsIerks!
and Urireaeterpenatariisilbvavidinke ten diagetits thea drttiantsans graebctand a
0 . will be as in an
o i T o 1 T AL P R s
of thedpasdinn s aBhePHEealyifcamass wib thelrrigiwhnbichevaddipositens

conv@istbAteehal 4a D ok BHERRICHYR BRsiiGW b ARAHLURRS of pressure.
Mﬁﬁgover, thf g{ﬁﬁg}hermic heat of reaction does not change the
n

tempePAtarE" AUBMTHRHBE fidPeRPcSRRIEd Mbteb SHBN AR FEPahe
atmogpingrér attessuvetharoth® 26 toldtnatmitbptiered ovkheapsiperatioasin mind
depefihgeserRly eI e rangR 9l 806 I 200G . PiELerall 70 10 500G, for
P the %ole sieve and 7/0C tQQZOOC for t egcgaﬁ%% éﬁ%ﬁ%ﬁ & rraetgf'r?, aa?ﬁagm%?e
colurpiatdl At aAiRditiap s @O e thabisbest iomsstrssondl Heothe
bottoAtraasphryasiRishRURO 8 sHEViheRE ARAURMAOEAHS GilRlg - BBIlR &P the
atrqos hetr s for the r?ﬁln catalyst. é’,o A greferred method of oPeratlon of
compps 'r%’ggcﬁv@%ii &mg{il e gqﬁimﬁ_un er the particular conditions of pressure.
Moreover, the exothermic heat of reaction does not change the temperature in the
column, but merely causes more boil up. However, the temperatures within the
column with the above considerations in mind will generally be in the range of 50°C
to 500°C, preferably 70°C to 500°C for the mole sieve and 70°C to 200°C for the
cation exchange resin, and more preferably in the range of about 80°C to 300°C at
pressures of 0.5 to 20 atmospheres for the mole sieve, and about 80°C to 150°C at
.25 to 15 atmospheres for the resin catalyst.
A preferred method of operation of the reactive distillation is a liquid-
continuous distillation column as described in U.S. Patent Application Serial No.

10/357,123, filed February 3, 2003, published January 1, 2004, as US-2004-
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continuous distillation column as described in U.S. Patent Application
Serial No. 10/357,123, filed February 3, 2003, published January 1, 2004,
WO 286855004~ 4 WO 2006/101555 PCT/11S2005/04662BCOUSDHT 44415
which is incorporated herein its entirety. It has been found that vapor
velocities greater than 50% of jet flood to less than 100% of jet flood will

tionation i C ref if th
e Frra e ol At vapor
velogiigfprrakd B ive AidsffRRdiaciary thase tbRte SEistitede miberomate
fractmatiaqoumgmﬁﬁdm(_ ibg_ll.w@fﬁtaummf mgdabﬁlﬂﬁéwaneé ﬁ%laﬁé&%bﬁb above
1] orain Istillation tower mode). e same tower can be .
abo e b S T L s P oAb e St e
becomgraiiigrifer giidilevidl abuireths packitigrolindiole it¢lsnalindaethend
vapo%%ﬁﬁ&rsaoﬁﬁ%l!%ép(bﬁﬁmﬁiéﬂméh%%Bﬁ%ﬁéﬁ%)‘.s either in a liquid 10

cantinuous mode or a vapor continuous one. T ood point” (100% of
jef flssaMRIDWRneanReRReRip Ailereasakubioglies s avaisitatian
towereftuysigaynainesiing tﬁébhiq;m@h@ih@r &e%w@wdgadﬁmg&ém%wwhqusﬁé@y%
ve this point, .the reboiler will run dry and no steady state operation
the (EBOE E B R SORo imody b R o e 8 et s e
contigyens matgeosredprratodhs cokimimpatkio @bt Ctbey.intgealtsod)

s dofiASiLEndRIR SR FIARR Al S il Bok- oAUy LR s
erformance improvements disclosed here that result from operating at a
to thfﬁf&ﬁ%é@%&%@%@ﬂée@ala@@ oBRsTIRs KRl AR Qe iisoPaiit thesiilieiler
will rmldhiylla?]dm&ﬂ@w' ft&ﬂdﬁ@twﬂaﬁhﬁf presfctl gdwébgwéﬁlmme&hwﬁﬂ@hﬁ\%ﬁ_ b may be
t ase js not required.to carry qut the liquid fille )
e B B B0, ST U R et ek Evmens
or other inteinalp Hinstuding preysistikermirezthmigrehwubbiswvilngst bighjficantly
alter BRAYREBENSACEIRRREVINEHS Td'i@@lﬁ@ﬁcﬂérr%sthgﬁyé:‘smmm& 3!@4&@?&2\‘[ ar

other distillation structures as known in the art, including the cata

high YARATHEH LRRES R 5t e §fidetdesdribed in U.S. Patent Nos. 5,266,546,

5, #3da89Mo5007 5235k 43hiBRG e ebBTIR0 81481 R teeROWHING iayisk

continuo istillation, the liquid may be merely. materials .to be se ted
thro < L R o) S e s PO dle
colurgp gt ating wHANBIEPS Rightliassilingmastiaphidationstéhle ovib lexeraotid
phas@NeinNOH-RMPANSRIS (IR theMapoTifythe,chlunan AR £xi

ﬁe@
fib boitoms. The liquid and vapor in the column may be réactive and the or
ibroysg }E‘?ﬁ)ﬁtﬂﬁ%‘ﬂ% ,alig@y]eéga%lgy%@ve etc.), or other distillation structures as

known in the art, including the catalytic distillation structures of the type described
in U.S. Patent Nos. 5,266,546, 5,431,890, 5,073,236, 5,431,890 and 5,730,843,

In conducting liquid continuous distillation, the liquid may be merely materials
to be separated by fractional disﬁllation, or there may be added at the upper end of
the column a liquid which is higher boiling, and which is intended to extract one or
more components from the vapor in the column and exits as a bottoms. The liquid
and vapor in the column may be reactive and the reaction product and feed may be
separated more efficiently by the present distillation than by the mere stripping action
of the gas at less than 50% of jet flood.

The olefins herein are contained in a stream which consists substantially of
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30 separated more efficiently bythe present distillation than bythe mere
stripping action of the gas at less than 50% of jet flood. The olefins herein
WO 249/ ¥dt¥ained in a stream which consists substantially G BUAD5/046628
2006/101555 PCT/US2005/046628 isobutylene and propylene or
separate streams of each olefin. In the reactions according to the present
isobHeRLOMmdNS QRS Lyyahielite BRtesaL 1A O 4R e HODAIIG
compound. In such instances any unreacted olefin will appear in the
accogiathEh e rERGat AME) v el dpvatiouRy brifiscreateiaiZeae. the
orgahlowevestd operating the $&ﬂ¢ﬁﬁﬂﬂﬂéﬁ§$§?&ﬁ%@§éﬁ?@ﬁhiw%&ar ig
mount of olefin.in the reaction zong, as describe ill normally keep the
the S L B ey e A R e b et gever.
operatipmie ravisuuniinfaniiceadbds bestzémiombicnateoatioodfoleéineriado

reaciplbifL NG HRACHIAZMMEIDANAG ke e aaasini L9t d0s byRIRIEAP N,

10 2 to 50 : 1 and more desirably about 2 to 10 : 1. The greater the excess
or engreheelimingtsthatic compound the more the selectivity to the |
mohesuhstittied petidutiipimpl avels Ahedatianisised te aanplations

[ t I and concurrent fractionation.gnd removal of t
b e e s e B R o
2 to Yfoduens! toesabiadlioabruied/trdd ichctiba (reaGindheliexsess Girngipit).
arontdfWe¥RIpYERY |ﬂf&@ﬂ8@a{rh%x§8%%%§i(?‘ Ry IRBIGRYRAHSR P MBS ot is

, require a ver h|g{1 reflux ratio, and a low unit productivity. Hence, the

Im P A K OB O (o P RRIE St IBER e TR GLE S ERBRATFRRY

fractifonatiasciandnelivatiof e atatitiotsprsdvelfasthe deapptam @gﬂﬁﬁﬁ entent
[ r cli ove), In this particular embodi t

doss e 3 B i8Ik el

Principle te dde¢PVTh 881 2818 A0eiiRgeestr greremnidraremidic toofopounds

requibE GONSKINGV REH DL RZR ARG WWERE pFESRERHNE AR RO OE JhESE atio

reactions the olefin is the most volatile component and it is desirable to

|
of organ |G afPRAIS HARMATE R BIR(BHIE RetetRrannesdoneaG AR diBaHoRG |
reactzeddites el edrteg alecaptabisinéetndanenpingtsesadsh2risqasidesedrs!

ssogaandsalisn Uk v sen Sh il an ele.
isobiyRRGeRNth RIGRYIBNGcalRriTRRgEs i a ke nzerptablesine g dsateysent
inverfithstabatysdbnd AMplaaylassHonRs are RAFRESCHSIBERRely. In both of
thesg}g%%_tgoi%etﬂg%Pe?fnai?mien%_ggtl?/%ﬁgalg fcghnﬁ"poneﬂ’t and it is desirable to react
it rather than have some carried off overhead.

Naturally occurring zeolites have irregular pore size and are not generally
considered as equivalent to syhthetic zeolites. Many natural zeolites such as
ferrierite feature a one-dimensional pore structure. Inthe presentinvention, however,
naturally occurring zeolites are acceptable so long as they are substantially pure.
Molecular sieves are porous crystalline, three-dimensional alumina-silicates of the
zeolite mineral group. The term molecular sieve can be applied to both naturally
occurring zeolites and synthetic zeolites. The balance of the present discussion shall
be directed to the synthetic zeolites with the understanding that natural zeolites are

considered equivalent thereto as indicated above, i.e., in so far as the natural
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zeolite mineral group. The term molecular sieve can be applied to both
naturally 30 occurring zeolites and synthetic zeolites. The balance of the
WO Bpederibliscussion shall be directed to the synthetic zerlitaswithotnezs
understanding that natural zeolites are considered equivalent thereto as
indicated above, i.e., in so far as the natural 6 WO 2006/101555

zeoiBCHUFRORRARAREallns Hadas unelipnalguivalents Lo the

synthetic zeolites. Usually synthetic zedlites are prepared in the sodium .
fokAY et S¥niRHcazedinsna CaBtRP AT edoietbrosasiynt dosacihahiiinvith a

sodiviefrediRT On @BSDHRRING itseabRrIBNHAME RaTafSHOARBURISHEYRSits
Y, L, erionite, omega, beta, %\n 5.mordenite. The A type
g s&?@aﬁf’d

h areg X, ,

Chargss oL R AR PSIANER UG Woe  BY the tePHP Hifecdis95
mordgrateffébiive tppessititefdiarmtedtialyamhipdhesiree Pothesiea giomsiear).
; : ! ' imat d differ as.to
S A e S U i e B 2
TYPesioanq § gy lgrger.pore siza (ApRrpui e 0P 1y gad difier eretotherrauss
of ratisiediayesBidigher ratios of SiO2 to Ai203 The mole sieve catalysts

_np_)jg}_/gg“i_n tEé r invention are the acid form mole sieves or exhibit
Typegg?dic charac gé)?lgs%gléﬁd form of the mole sieves is commercially

Typeafraitabtebut/difg ia§.DSiPepared by treating the mole sieves with 15
Type%c%@tﬁé%ﬁgﬂi&é@ iREdYAL09 M ARpibermsaihed s %023166 the acid

formis to treat the mole sieve with décomposable cations (geherally

armifRRImSiENe CriakstiasRey i i the eresshiivsBiensie tedcid form
mo\etb'emfd : ter mmsmtat?@iirmigré]{%ﬁms?emma@@efgﬂm @t{ﬁahlﬁarérsﬁem is

acid.farm. Gener the Na form mole sieve is treated with ammonium
com N B B R BB Py e VA D ST
acid feeenelitogs taripe fydiegeh abnut 8800 atheertmpesthearthmania fdmeis to
treat FBBIOMBIO LN 10 L B AdsHiRore Rl farsies ammwmon@ to

multivalent ions as described below and these catalysts are genera

replage, Naawiild B HeemRessRIgdORS ANt AbeiraTtaL oy BRat thamale e e
decofopois: Melessionaesavididhdavei h@dﬁ.h@c'iénéﬂéﬂ!,: Eﬁ@tﬁﬂa:%’dﬁlﬁ%@ @él‘&e is

| lal treatment with NH.4 and partial 25 muyltjivalent meta
reat g B T RS RIS R b iratasies e
sieveaigditRaiad taotetenspersivrichl abaatidh0sCctrdiemaustib b romsiedal Neary,
remolPSE NS GHENMRI G eI RE SC i GhRFRERER e RHRIBR HEYHS as

Theory, for example,
described below and these catalysts are generally more active, but less stable to

heat than the multivalent cation exchange forms. Mole sieves, which have had their
alkali metal reduced to low levels by partial treatment with NH*, and partial
multivalent metal cation exchange, possess increased activity and increased stability.
In addition to mole sieves which are acidic according to the Bronsted Theory, those
mole sieves which exhibit acidic characteristics under the Lewis Theory, for example,
calcium exchanged mole sieves are suitable for the present reaction. By exchanging
the univalent cations (e.g.) Na*) with multivalent cation, strong ionic activity is
imparted. The ratio of SiO,: Al,O,, valence and radius of the cation and the extent
of exchange all affect the catalyst activity. In general activity increases with (1)

increased SiO, AlQ; ratio, (2) decreased cation radius and an increase in cation
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calcium exchanged mole sieves are suitable forthe present reaction. By
exchanging the univalent cations (e.g.) Na') with multivalent cation, strong

WO 2{8f0Bétivity is 30 imparted. The ratio of S'02: A1203, VKA Ha@8ius
of the cation and the extent of exchange all affect the catalyst activity. In
general activity increases with (1) increased S'02 Al203 ratio, (2)

va;er@%c;fﬁ?é@#é‘&tm%ﬁgmﬁmv%m%ﬁmg} a9yt YE318AORLI 8255

PCT/US2005/046628 valence. The effect of replacing univalent’ions (e.g.

muchgrepliRtiNGodrpeeng fesbivalenfiensordhierinam PEpraaieg A B alent
iomaavithricaisonyp ef graatse wieastalig vatausdypesiohmelesigyasare

__having reduced alkali metal content are characterjzed as the, acid for

char B R B D S ar e S S R Slesrh

in therveaaohinv&wall appear that the pore size within the crystal lattice may
affeGidhe SsiReivibe ARCHSHDGIR MBINSRL G pQIpaHIaYy sisyesaiaiic

activity, zeolite catalysis occurs primarily inside the uniform crystal
seleciyiifie M ENERRLEN RS dBRAEY 8§5|9§Gé!&i§/ﬂﬁdép‘a§6@ft§n%ﬁ*évﬁ¥rn¥ﬁémﬁf
catalpdisnincumsateimarity theidey stel anid thusid0 e shkich emiraleemposiionof
t I reov e alytic,sites are fixed .within the rigid
cata R S P L R R R Sy
on thehehemieal co vty sidhestitalble Mestmisintiaae Géalytesiies aye fixed

withiRretergr catabiatdosthgPEeRant RVESS 1 BRlaZePllR is /4 KRR red b
. _syn%%etlc c?rx\ﬁtallmﬁglummo-smcate originally described in U.S. patent 15
dlteng% ’ a0f

689 TP O PBP R ST B FRIBRYRR: for details of this
zeibiite Zitoljieoppepticiemnd @rehaaiionh énppastot o disia Beliterilite is 2

£ : rorictic ¥ cay diffrac o hich s sot out |
ol TR R St S SR TR RN 1, R
3,308:0R \whistyifficaiaby (o@oARdStvoipkeraneRats K alp ba hisubtelitst, its

prop&RRBSIHGAINIEAYNIGH SRERUIRI SRR riSIRPIOAURaadN by Al aRiedRRlow.

T %LE | d Values of Reflection in Beta Zeolite 11.,4+0.2° 7.4+0.2 25 6.7 +
X-ra;b_ Eﬁgggrrb_gattern which is set out in Table 4 of the above referenced

U.S.patent 3,308,069 This pattern, in terms of significant d values (Angstroms,
radiation:K alpha doublet of copper, Geiger counter spectrometer), is reproduced in
Table | below.

!

TABLE |
d Values of Reflection in Beta Zeolite

11.4+02
74 +0.2
6.7 +0.2
4.25 + 0.1
3.97 + 0.1
3.0+0.1
2.3 +0.1

In U.S. patent 3,308,069 the beta zeolite is described in its as-synthesized forms as
follows:

[XNa(1.0 + 0.1 - X)TEAJAIO, ' Y SiO, - W H,O
wherein X is less than 1, preferably less than 0.75, TEA represents
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3.97+0.1 3.0+0.1 2.3+0.1 30 In U.S. patent 3,308,069 the beta zeolite is
described in its as-synthesized forms as follows: [XNa(1.0 + 0.1 -

WO 2906fIfrI8FA 102 Y SiO2 W H20 wherein X is less than 1, BfEi@rB/eethan
0.75, TEA represents 8 WO 2006/101555 PCT/1JS2005/046628
tetraethylammonium ion Y is greater than 5 and less than 100, and W is

tetraé%ﬁﬂ%rﬁ%uﬁw epend é%@r%%ﬁ@%&%b@ft%w@éaﬁﬂ& and %Hﬁbout

metal cation present atent also teaches that the sodiu

4, deP@BféﬂEQcPB;}h&rﬁﬂHéF'H{b?é %W’Q@H@W&Pde%ﬁ%g@?@@ﬁﬂaﬁﬁe%%t The

paterBulsaguent ptlicateogisuchas feuanessdmatens tABPHRAEOBE NAgy ion
3(%4 159 846 159,847 and 164,939 have broadened the definition of

95
eXCh%%?a zeolt th’o include materials prepared using templating agents other
thaubessthitablicdiitossusydrexide perhiRateritde bitnstignS Wk addniied

159, g@@ow%ﬂaﬁw 49938159 ZRAINET s TR BirRPeA-BRIe RS
pplication Nos. 55,046 ("Nu 2") and 64,328 10 and British Patent

'”C‘“%dﬁﬁé%%'ﬁ NS%%%H%@“?’BB%%HE@ @?ﬁ%fﬁflﬁ%@r@faﬁ@%fwomum
hydraditieaction matteins memgrmifan tetdieit abbetagreatie mad amoinclusiedihe

ithi of the t ta ze Ilte S The f
oo R e R N SR LR,
and ByitishiRestidtesl lﬁatmﬁd\mé&mma(ﬁamra B e pitU@ti0es @rid X4y

dlffraéﬂg?— PaRFIRAVBH RAshereiarUpess Jaakd . areferabikiassanRd fina Y

reater than 5 and less than 100, W is up to about 4, M is a metal ion,
SCOpPH ?%tfh%t\‘?%n@@@fzf\ﬂo'gﬁ &5 &S‘éqw%‘i%aen ion, an ammonium ion or an
offaniowasion betaaratkteetbhreef mbis pseferabliiegeagitihesriandre

crysté?bove@% % c%?ésTrbé{ﬁr;[ ?%5“%(1) a}lymm m atomic ratio in 20 the

a Is greater tha e than 100: 1, and preferably

gledne tHA® 5: £ AndlsssAlan AbBIG50M HWDis typically a sodium ion
wherérﬁrn thecaygingl 1Sb%hﬁﬁﬁﬁ%mﬁxrﬁdﬁ?@@(%@%@Hﬂ&gg%ﬂ@%@r{han

exchange techniques. Suitable metal ions include those from Groups IA
100, YK ‘ﬁ%%a% PR reine s 4 FARGRIANARRaM ESRR RIS dpaiesen
ion, dorsninenderidos of hthioryamotesttinmocaletisiure thereof. Y is preferably

greater than 5 and less than about 50. Thus the silicon to aluminum atomic ratio in
the above formula is greater than 5:1 and less than 100:1, and preferably greater
than 5:1 and less than about 50:1. M is typically a sodium ion from the original
synthesis but may also be a metal ion added by ion exchange techniques. Suitable
metal ions include those from Groups IA, lIA, ll1A of the Periodic Table or a transition
metal. Examples of such ions inciude ions of lithium, potassium, caicium,
magnesium, barium, lanthanum, cerium, nickel, palladium, and the like. It is also
contemplated that other elements, such as gallium, boron and iron, can be
substituted for aluminum in the above formula. Similarly, elements such as
germanium and phosphorous can be variably substituted for silicon.

Suitable organic cations are those cations which are derived in aqueous
solution from tetraethylammonium bromide or hydroxide, dibenzyl-1,4-
diazabicyclo[2.2.2]octane chloride, dimethyldibenzyl ammonium chloride, 1,4-(1-
azonium bicyclo[2.2.2]octane)butane dibromide or dihydroxide, and the like. These
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25 magnesium, barium, lanthanum, cerium, nickel, palladium, and the like.
Itis also contemplated that other elements, such as gallium, boron and
WO 21 08E83 be substituted for aluminum in the above formralaw Simlasdy;s
elements such as germanium and phosphorous can he variably
substituted for silicon. Suitable organic cations are those cations wh_ich
orgaie SRIRIJRagHRAYS B SPIURNSFe We%#%%@% o igrgmlgpeeg%
hydroxide, dibenzyl-1,4- diazabicyclo[2.2.2]octarie cheforl'a”g,
PatejihieRhlfabRn N anrbAGhAeRI6ARE4T 4a0d HonRahNo. 4,508,837, The
prefb&ngat@@aﬁié]@ﬁ@ﬁ@bh@ﬂ@@éﬂéﬁ/@ﬂfggﬁ@iﬂy@l{gxide,t_and the :il:]i. 'Lhiense
9 6/101555 PCT/U52005 organic cations are known in
the SO S S AT & B blec e S pap e R BgRcns
hydiResn 199 BUB angarBa@yy thmdaols; RatdioetS08:887 Himdeelritedby

amreSBRAiGRaliands s el bulammaniuhion,SieL gl falabds, ety
the beta z?ollte should be predominantly in its ydrogen'ion form.

enoﬁgn@‘éﬂﬁ tREIZEBME Y ForirtiaadRos kyRIrogersaéstivetion alomennan be

suffieiechartdepiafomedithyt catizinediomatidheazag)deds aynthesizednwitRimigh

- ' | [ i di ion, calcination alone
oo e D R Rl R R e brnarip o ton
leastie Ceriohasratioaeite auprarbiyien/dydyaitigas ane/endaseraasissionforbis
esparilly srfesiesh hakah 0 lsast A% l%%g&gﬁcé]a%&?ﬁa%%ﬁ{”n‘f led,

hr%/drogYﬁn ijons and/or rare earth ions. S cation exchange
t

b itab cha
9"°”Pe¥si 0th tH&?sYe\%i&‘?@dﬂﬁairP).é,MMm%raaf!@fﬁogpgoaabvm@ﬁtmayqie
aronuijiainied| hyopgiponeriz aiswer CopeyRPEEIHOERS rasRIDAICaMbtic vinyl

i

.sulfopation. E I f tic vinyl
S e e G R AN

vinyliagh i, Vi \atiyil haprenalenethyisyyrethy) Geyizeteobeettsnstyienty|
xylendNyA CHIgE0RATEER 38 RBEhYHY InXYI88&sBd 4@%@%@%@%@%@%%@@ he

us’ed for[%re aring these palymers; for exam eriza one or
exarn
[

h ' : .
SRR Gt B HBP B AHFRYMMaY mBp oy ipRIAgUIR, or
by crpebjivikiybceithymindsylfosapanple, ﬁmitlé!xdivimﬂ, hﬂ%@ﬂiﬂyﬂi@ﬁ%’énﬁ" Hﬁéﬂgyl
i d . The mers may be prepared in the
oY SMMELRE o LoHRI or NERTM By SR asaRERs m e
PresepferRe ARERARS iAltkalyRN IR QY Bensseil geageriomahiaoows gahimerization

initiafResaxisiebe RIS SirRIGahReos WIRIGAGH QLD B@&R@%ﬁ[‘%‘?&ced
intﬂqtheﬁ? vinyl aromatic polymers by various known n?et ods, for
exampie By EHEHGR %Béﬁﬁ'é@%?ﬁ%ﬁ%%%éﬂw aromatic polymers

by various known methods; for example, by sulfating the polymers with concentrated
sulfuric and chlorosulfonic acid, or by copolymerizing aromatic compounds which
contain sulfonic acid groups (see e.g., US Pat. No. 2,366,007). Further sulfonic acid
groups may be introduced into the polymer which already contains sulfonic acid
groups; for example, by treatment with fuming sulfuric acid, i.e., sulfuric acid which
contains sulfur trioxide. The treatment with fuming sulfuric acid is preferably carried
outat 0 to 150° C. and the sulfuric acid should contain sufficient sulfur trioxide so
that it still contains 10 to 50% free sulfur trioxide after the reaction. The resulting
products preferably contain an average of 1.3 to 1.8 sulfonic acid groups per

aromatic nucleus. Particularly, suitable polymers which contain sulfonic acid groups
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sulfuric and chlorosulfonic acid, or by copolymerizing aromatic compounds
which 25 contain sulfonic acid groups (see e.g., US Pat. No. 2,366,007).
WO ¢ iiE¥Sulfonic acid groups may be introduced into thePpBlymersivvicts
already contains sulfonic acid groups; for example, by treatment with
fuming sulfuric acid, i.e., sulfuric acid which contains sulfur trioxide. The

t@dgﬂ]% ith fuinj Ifuric acid i arried out at0to 150 C
e and the sﬁpﬁg agcpiad}?s?r?guIﬁgﬁ?ﬁxﬁsﬁﬁ%%?%%umﬁox?re"é%“gogﬁaw Py
compEi poHBRECHRTY stvin i co BRRUn tfolahighhthrolpdotibre Ries e csultim
is profadibets preferablespiaisy e avp@Raad! 3 ol SsHiipRiearithaoMRS
S eg%ralg%r%gcz%ﬁ_leéﬁ. Particularly, suitahle polymers which contain
PESUBNIC aciargrotips TPV A GBS BeRgLLuRRIdnsepEn Y size
of al@ygdly#hdes lofanoaitiic ghavatizigs campoudiadsiwitp ascrbedicoelyvingy be
empWB@.OVﬁ'QﬁnB%Q%W?t@%rgwgéyﬁ@?@m aréa,‘%[]{“‘;@ﬁ%eaﬁ’s%'%!s” grrz high

benzene content is preferably 1 to 20% by weight of the copolymer
Presgip e tiAmsILITe RIS Persir Bsedinsaiishou@panysiusiipnieagiatethe
catalsﬁ{ nﬂﬁagmef@@ibfﬁﬁﬂ ﬂg\-@ gran@é@rc%it’ﬁy)ét@fr?%%&)c%ﬁﬁ@ér @li?lface area
u articles from 0.15 mm up.fo about 2 mm may be employed.
M G R e A e e
hydr, Qﬁéﬁ@,@ﬂéftﬁféipmthmmahéGQw@g!dejybtgher vapor velocities to
acfiplgdh o AlalSmE SRAEIE RUAIFOUR AIIERP RRIALIGIS ARNEanae
. much larger surface area exposed and limited swelling whic alror tRegg
resingalReinyErg inrPAcHNn dtistiadion arbemm andmadRi eheriemkted

in theHfergetilacaatglistis ﬁnaﬁmirsngtfméforr&ssd@%lwﬁ&@f km‘%ﬂg&%}%\ﬁé:ﬂﬂ&
jon.exchange, resins are unsuita or packing.in a distillation

be 2 B B A R R b okt T e

suitakiystipeordh aadaspheetisviithiinthstremtune rioustt e ablatalftio cistiaton

| ' kg, T bl
structa Ve A AMRSS KapsieNyesibgg. s Rl ﬁ\%ﬁ%’%%%%ﬁ# i%mgd

i
. supported ard spaced within the column to act as ation
na %’f?g%'i‘u‘P’éﬁedE‘%‘?Qc?H%BJfﬁrM@Pb&thﬂfﬁbéf,MEM?W&Bérﬂf@f@a%y@ﬁéer
catalytiotdistiietiom s tnorerwireeRerr Hirs s sahied disberlyiiNoPREERE:

e At e T R B

by regi@m:#30,843 which are incorporated 20 by reference. Referring now to

(e ERHE R IRMAASIBUFeE 3 Racess Fa AU BB TERIBNS, the
inveﬁc’tpo%v%g 's-Il;oan?. eTIlrwlg ’orl)é?ireg , eprggp?/?ene lggdeggfy?gge,earg Ifilad (\)/\il; flir(])sv line 101
into a distillation column reactor 10 into or below the reaction distillation zone which
contains a bed 12 of suitable alkylation catalyst. Benzene is fed into the reactor via
the refluxinline 109. Unreacted benzene and any small amounts of unreacted olefin
are taken as overheads via flow line 102 and passed through finishing reactor 20
containing a bed 22 of alkylation catalyst and thence to a lights stripper column 30
which removes and separates any light material as overheads via flow line 105.
Benzene and alkylate from the finishing reactor are taken as bottoms via flow line
104 and returned to the distillation column reactor 10 as reflux via flow line 109.
Make up benzene is added via flow line 107.

The alkylate product and some unreacted benzene and olefins are taken as
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into a distillation column reactor 10 into or below the reaction distillation
zone which contains a bed 12 of suitable alkylation catalyst. Benzene is

WO 26/ P the reactor via 25 the reflux in line 109. Unreacred/bstmenasand

any small amounts of unreacted olefin are taken as overheads via flow
line 102 and passed through finishing reactor 20 containing a bed 22 of

bott@KY RpNCatARLARE LBRAGS @a@t!ﬂgl? RS IH'?S nd fe V&t}o“ng tpgeof

removes and separates any light material as over

2 beggeR AERRRY AfkyhreetopP ez arfsHiIAY Peret tple fakanesiTstecmstvind

takéﬂnbh@&ﬁel@étﬁﬂddﬁwmﬁlﬁ@e@ﬁdﬂwlﬂB%ﬁﬂ'rHB‘W@a%oéf%&?‘ﬁléemB(

| 09 |V| K b dded flow line 107. T
Vess %qatvéngr}o GCE &Ra asc%rarll1f ené gﬁ 'B%r?? V@W&%@%’%% Qﬁé‘ﬁ‘&éhe

rectifigajign seiEN @E3EPETHIISHDOSIM BB2&ribpitonssdtiom the distillation
colriRrhFEaGEes rASL

stri Q? 40 Whesr]gt%éj ggr\?ggﬂ% %%ﬁz%ﬂgéagg%}%gf?ﬁcsﬁtgr&é%ﬁ%%e\g [grfﬁ 2191%
and {EBINE R WHEXRHNADA BRI TPABAX B0 U id-ABe D dvsbitdos
to a dmm@m/wss&ia@%mtbé%m@&ﬁﬁ@ﬂﬁ%b’@ﬁfﬁtﬁ@ nﬁn?%igem %ﬁ@g@%

ctification section and the vesse eing the

over}égr?ég% s@g}trogn qﬁr?i l’Ip(?rlg" etis aienﬂ ﬁ?&ﬁ%&'ﬁﬁ?‘é%d% gnzene
coluppttehs ataiam Mieleaikgatedd inpentesratdsvitmawd asid sdetstréiamy|

ben24Adleving dd tia TIBG RRRAVEE ISTFRA:iLAG BUMENR/ RELINGANY by ggerheads

en? column 50 where the final product is taken as overheads via
via Ty e

14 8neHieBYRD RS frRmPiRd @srhetierse vénBiaw bet!Benzene 10
commmmampw%wlmtedt benzeneigRedsvierradrnddrd 1010w

: ialkyl e 0 via flow The dialkyl benzene is
Ine O AR R ht D ikt 2 Pehoneldation
catalystterpanyier @i beregrete mmwl"bmwmnzélmw IMine> &Ry és Cloonbthed

i ni §l f r latiop r tor 70
e o g

Str'pB'é‘ﬁ 0 WAHGMRNEREE ISirenedryia @it fdsn the transalkylation
reactor 70 is removed via fIO\AEl)(mvllEafEand fed to the benzene stripping

e o P DS BT 8
zeolifehialvstalyist r%mm@m@mmsmmmmmpmeﬁn
poini8jefamBeiEachPRYNIRE eAGhiesy ThsR)RkR @%ﬁﬂ'&?@flﬁn‘&%ere set
up so H}Xé entﬁezlflggalgv g(gecosgxther feed point. Fresh benzene was fed to the reactor
as the entire reflux stream. The column was operated in a liquid continuous
distillation. The reactor was operated first with propylene feed only to both beds and
then through one bed only. Then butylene was fed to one bed only. Propylene was
then added to both beds and finally both olefins were fed through both beds. The
bottoms products from the combined feeds were collected and distilled in an

Oldershaw column and the heavy cuts (io simulate benzene stripping) were analyzed

- by gas chromatography. Temperatures in the bed ranged from about 265 to 340 °F.

The overhead pressure was maintained at 75 psig. The analysis of the heavy
Oldershaw cuts are shown below in TABLE 1.
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up so that either could go to either feed point. Fresh benzene was fed to
the reactor as the entire reflux stream. The column was operated in a
WO 2iepiidiéEntinuous distillation. The reactorwas operated Firstusitvrepytene
feed only to both beds and 25 then through one bed only. Then butylene
was fed to one bed only. Propylene was then added to both beds and
finally both olefins were fed thrayg) ath beds. The bottoms products
from the combined feeds were collected and distilled in an Oldershaw
column and the heayy cuts (to simulate benzene stripping) were analyzed

by gas chromatblth ﬂg%/;.sf'g?ﬁl?eratures in the be§Fang & Saapeut 265
OF. 30 as mainta j

Comgr?é%/%[ls of the Floegvy E‘ﬁdei rssﬁgwE Ecu‘fg[gre showR®Below iﬁ“ﬁ‘i%LE puid
benY¥20 0 6/1 01,5 55 PGHETS2005/046628 T | First half sample
i-prop§ERednalt Sarpple eamroRgnttotakckt 10 cu %bgut 8%15% cutl 1(:%;9
n-propVIZesedfe23 05 1.80 .78 §8.96 1,36 96.8 Ol-propyg)' pzene 15.15
nbuhdd-88s/1 53.78 5.27%4749 .95 n-propyl benzene 0 0f)g-0.02 0 g 0,02
s-butylnbuigtienzent. 800.@7 062 6.940.03101e-butylpenzene; {.3§ 61.06,%44
1,3diP1@ezen1.26(018 1BdiPr.Benzene®.34 3.18.09 0.033300
1,2diPp&iena88AZen8.0:.01 00100 0 0 0.05 M 1,4diButylBenzep®§.09 0.89 0 0

1,4diByty(Benzene 48iPY. BeAfhe 0085 3.2700 0 0.00@42 0 0.13 0
1 AdPsfetemRnzefe9.1831274 0 6 0.03 0030 0 1,8pHpyloubylisz 0.18 .67 0

Rl Labfopylbéfyinz024 2.30 0 0 0.06Q69 0 illknowns® 0 0
\ 4g68821|%”u 8 0.94 Hiknolups! 0.82 0.01 9.02 0.18-698 0.42.3836 Hefvies
’ r@@% W% 0 0 B8 0 ine’No. %%% 0.50 (P4350.83 RANA NA 013

unk . 0.48 0 0.94
unknowns1 v 0.02 0.01 0.02 0.13 0.08 0.41 0.36
Heavies 0.73 1.44 0 0 0 0.16 0]
Bromine No. 051 050 042 0.83 NA NA NA
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