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PROCESS FOR THE CO PRODUCTI ON OF CUMENE AND SECONDARY
BUTYL BENZENE BACKGROUND OF THE | NVENTI ON Fi el d of The
WO pwenviseh The present invention relates to a PCDUSHS5/046628
for the alkylation of organic aromati c conpounds. More

particularly the invention relates to a process for
t he coproducti on of cunene and secondary butyl benzene
by concurrently al kyl ati ng benzene with propyl ene and

but yl emRROEESS POR TEEH 60-PROBUCTVONIOFITCURIENESND a

process for the cORCONBARYBUPYRBENZENP! cunene and
secondary butyl benzene inadistillation colum

reactor where tg fin are
concurrently separ {egwﬁw%gﬁodﬁgwﬁ fractional
|st| I:ngon Rel ated Art Cunene and secondary butyl
Qr@te Iére currently produced by the reaction

of bﬁf@%ﬁ@sé‘ﬂ%ﬁl@ﬁtld@?@l@féé Y& aOFﬁfdéee forethe BIKORYIbRNGF organic
or butylene by acid catalysis n some known piocesses

aromatic sbmipastndss Mﬁrgmaytlwri)dbev@/qﬁ@nﬁalates fosA praoess for the co-

prififlanot Gnaethand Feticel? B e Bl ¥ hrilganty akytating

befizB8ne WItH propyRineshigy Batyldite Bhopé Pertidutaly tHf inkBAtion relates to a
reaction and the tendency to produce polysubstituted

preeesscios the gonewrereapivgsisior 6h ¢emensrandreecqngasy twtyhbenzene

. O
i AR BRRHTER5Y To P A BIA Uk EESEEF 31 S oletn ar
copeafeatkpbpaiated ﬁbnammbdoctsdfmﬂamwaismarm ecul ar

sieve catalysts in fixed beds, however, both

RelateskAces di scl ose COkI ng of the cat al yst as a

Pr ot GHLWAIHY QKSRas Pb«%r‘i%‘l‘ée@ég %%Jrﬁ?%yqﬂ&‘@uced by the

the unit and regener ata yst
reBeticanos bdn3dn® aﬁﬂ?tharrdsydeet% G1&n biag. hpcbm&berces er bhtylemeeby acid

celin e Bt rebrag e A9yl bk oakrSaeland has a
refg{ﬁ@él? s@%ﬁ'@lﬁféségc M@It ed, I%abﬁscl tﬁf‘to@aﬁﬁ'ﬁné and others require

I scl'oses a prodcess for thé al kyl'ati‘on of benzene W t
pegioGR tegeG2ativing Bign, molegutirsiévdsall herexotharmicityeafdhereaction and

tng fediriepitd el Pave i GtbeoRgeRedSaie oy)iarstaR conversions
pPpaBEIwith fafge RiRSRBrebyNEH b@tﬁ\/érﬁloﬁapﬁl‘&@%eé orthe
co-production of cunmene and secondary butyl benzene by

t he BS\Ratentsrd S 10z ane 4c4ﬁﬁ)90§|d1@d@wls§a@hh@ass alkylation of
artBB}eq?ﬁn nﬁe?%m(#h %p&g@ﬂ%@ul%? sgx é|{)ét@9n ‘Fxgg%le% hg wever, 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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acidic catalyst. The reaction may be carried out

preferably in a catalytic distillation in which the
w@e@oasss3 or t he concurrent production of cuneP€T/aRI05/046628

secondary butyl benzene conprises: (a) concurrently:

(i) reacting benzene with propyl ene and butyl ene under

conditions of tenperature and pressure in the presence
bepfeaawith aimeta stredrcydoataivinggadpylgsée and bLbdemain thagresence of an

acﬁi%tﬁ;{ o[}bglrrglgg . cérgpr{ﬁ?t o g%éiggcqn Zﬂi@ﬁn e%fegq%? ﬁ%%w distillation
in QkioH th%?ﬂ%@@@é fdrithé coRBafraht mdhgﬁ%maf a#RERE a?l%”st%%gﬁdary butyl

unreact propyl ene and unreacte utyl ene from
becrereeompitissecondary butyl benzene by fracti onal

di stillation; g?b')é rﬁc_overi ng the unreacted benzene,

unr eact ed@bCOPGYERBMNSNnd unr eact ed butyl ene as

over headgj) @%@tnﬁgbehgé@e/amhrwoﬁ;gaﬁ@@na%tﬁ@ﬁ@w\@évcondmons of
butyl benzene as bottons. Suitable acidic catalysts

teinperature ard prasssirs incthegwesencsecof air arineatiosalkatien catalyst to form
Si eues .a@d catjon exchan(ge resins. Mre %Bed filcal lM ted
2 EREIGR LT} GBI IR YRR R d RERGEN T UITRACKHATORYISNS, tnreacte
bubjleRar &finéMe andweeehdas mgyltserdldnew fluid flow through
the bed for catalytic contact as described in U S

Pat ent Nd#) aeparagngithe: uareagieds benzere.4unreacisb prppane and

oSBT 188 e, B bRty P8Eed A by factiona
distillatibh] ati on" includes reactive distillation and any
ot her process of concurrent reaction and fractional

di stil | atlbbreseveringthgninreagted hepgens, | yarepsted: prepyiene and

I I desi gnati on appli ed
“’{rﬁg‘?‘éggu“@%l%g@% %ﬁdo: THE. DRAW NG The FI GURE
[ frb adsche(n)ane'fcoveﬂnpg eaa‘fm@ta?r?jws?]ﬁormW bligt bedzene as bottoms.
enbaodi. t of .one ci.es t resent invention.,
PETAUEBIESES Brlaxplernaiie | 7QRIGH eXeTRS BOEGUAT Sieyes (mole
si%\{ég.t) Hr&?ipbfét?dheegﬁﬁanﬁj% YAERE: bR §§é’ciﬁ&1l@2ﬁ%e mole sieve or cation

atron c eactor at a pol nt ow t he
exg¢hahgé redin oatalysh it preparechin. a Maaner saas to atewmditidflow through the

oeE R S A s PR S HeuBhe L2 B ;403,250 and
4,458 58Dtk afd MeofSRatd PR MeirdHtiredy. Al so, in
order to achi evehigh selectivity toward
nmondsarbtbei purposes (oitthehpriesent imvention etheatgrectcaialytia distillation”
influGas r}Eaactive distillation and any other process of concurrent reaction and
fractional distillation in a column, i.e., a distillation column reactor, regardless 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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invention), there is a |arge excess of the organic
aromati c conpound to the olefin in the reactor in the
WO awgaosts 2 to 100 nol es of organic aronmati c cRPOPUSINIS046628
per nole of olefin, that is, the net nolar feed ratio
of aromatic organic conmpound ol efin nmay be close to 1:
1, although the systemis operated so as to naintain
high selbstivityt toaardrrionoselstitation (which éa prefeorsat aspect of the present
npound tq olefin in the, reacti on zone, Sur

Ly, = . .
inyantRaD ens PARTGe PIFRES OR HiS oIRE G RONERcP BRI [ae olefin in
th% Fe%qt&‘ iAHfRe Pan Bf"‘i ¥ 160 ﬁr\o‘?ﬁé bt SigaPit & rrgétﬂ:ecompounds per mole

ation o enzene inetic rate
of alelfyi thatds, the net nndﬂar mq!eradmdﬁraromahagmgamdeoamdumd dl8fin may

befe¥elo gl aliudh RS STonFrel $hab B maiNgh.a substantal

mélér tefi(%e%ér@f @)Pg%a%léméréfné%sbénfp%ﬁnﬂhﬁ) @Re@dn Ghe reaction zone.
[ ations. I's believed that these properties are

SLtrhlesmgb/ulltt has beks foandl that andesthe Ipsefesednoperating conditions of

o e Sroghv;eo%%gwga‘é{f@%ﬁ%éﬁﬁﬁs%eﬁ gl St Ration is
of i@dHAle bridritF hagrie Boithd Ty dTRYISdR! thand, tarkylatnon being only
arated in the Tower portion of the col urmh_usdual |

S“Q@Rbfﬁstt@n@d thed te galeactviby Bifdhedn@m@ﬂﬁwateslsdh@ gaee on a molar

oo BR335SR B U PRARL A o rou

of ke essalffic idiutillatign meda o vperaticroand @Iﬂ)wst tree présent concurrent
portion of the olefin is reacted; thereby reducing the

predugation: ofsvinagne Aed seepRdaydnitdhenzene. operatl on of
r eagiav egl'a’c:'éd {oRP thb?ﬁgl’é&sﬁﬁllﬁ'@;ﬁ%\’fér q§ Qbphiffied in the

princip ass C|ate

lowecpartiontdithe ealtimroosuallyossbiottomg. d'(bmccbrgaam:témnmﬂch:ompounds
distillation, the ipnitial reactio oduct is renpved

arg 1B 39°0nehBesh boUg %@ﬂaen%msy{]% Yding ineris) gy NoTetk above,
hog\% f}b/SQEmrtatﬂﬁ Hithvh %Hg%%)&regglb?ttl?@bﬁﬁe f%?(?matlc compound, the

tltutl dec osition o
majooduﬂbnmfdh@nlenﬁlhl|goeanted,athbmbydfedubmgdhefsepar£mmrtd recovery

ProlgRA ol DECOBTAR o'cieehln Bl se) Borbyndgtanding of the
prlﬁeidlésﬂ%s@@élafeoofmﬂwhéfstlﬂéﬂmpneF]Fst abebigse X% §8hction is occurring

pressure. The heat of the reaction sinply creates nore
coboitrenfty withidistibatior; thamdidl readioparaductds reFhovet] fromeghe reaction

reaction, has n i.ncreas dr|V|n ce, becaus
zoh§ 38 hOK R s LOASE > Thetemiva of s SISBRRY: SrotlS: minimizes
og%ﬂbrstlt@%ﬁ débmﬁc%‘{‘tﬁirﬁﬂ tHeARYIbHEn ﬁ)ﬂe@u@l éﬂcﬁbhﬁfgo?nenzatlon ofthe
rinci &DbeAs a result, a great deal of control over

olefine S%cm eauss thewraaric eremetie gempeunt ipbailing tthe temperature

of fip TSP tR oM e pECE FefEsithinefl i e system

préS3Urby THeAeeat\SF s rdactibndivesy dreatdiemot® Bbil @b, but no increase in
of product_di stribution and degree of olefin

tempavaiveg. orhirdr Hie feagstien hasiaa ingieasrd diddag farce because the reaction
products have been removed and cannot contribute to a reverse reaction (Le

Chatelier's Principle).
As a result, 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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is determned by the boiling point of the |iquid
m xture present at any given pressure. The tenperature
WO poobhelssdower portions of the colum wi Il reflBCT/UB1005/046628
constitution of the material in that part of the
col um, which will be higher than the overhead; that
is, at constant pressure a change in the tenperature
prafuct distritydiosranddbgrae e‘éolafm ltangersion.t hd he temperature in the reactor

s Qelah Bippbana o b s Boyid nikEng Bresent atniaiipd pressure.
The®d ?@Path%hﬁﬁe“cﬁﬁ&%&ﬁoﬁs@éﬁhé %oﬁﬂhﬁi’ﬁ;wﬂ%ﬂé&'th@%ﬁgtlthﬂ@n of the

pressure; I ncreasi ng the pressure, enperature
materlalhetm@aafhmﬁ theicotumemsdtch mﬂl:lb&hmevﬁlamthelavemhead that is, at
al so, be a rec atedtﬁ@i |nre dIStt l.at, i 0{1 ash .
COPﬂaHBE}r%S ‘? RIc Pgﬁ 7 t&”?pser %lmﬂﬂ%l'g@ es a change In
thd redcRam@Adrotatt & Pégiﬂoﬁ i Qlﬁ’é’rcoﬁh‘ﬁﬁe ToTBH§ngé e temperature the
reactants are par in liquid phase which all ows
preaaur@lsm@gwnsT@rnmr@éwemntr@hmdhe mcémlmeﬂeithus controlled by

e ERSPURELy INGAETRO e PUE HeBlnlsk e B 5Stem frgnorease

antiRgcdeedd.t $t n aldd BYi4pp @@é’&acﬁﬁ@tqmrééatﬁi/@dmw&tion as in any
phase systen) while avoiding the detrinment of havin

dlséallatm thetie isbpipenliauie phase ﬂ@ter@%id@fl@@ afgka wapor phaseg Thus, the
reefcqgﬁftsr%fﬁ ed%ﬁé%l Iﬁqﬁgj?d:{) ‘é’h éﬁu.' %sﬂoﬁf%t rg}%% ﬁgn%’ U!)ﬁicentration

of nededulen faryehetiog onpereast the cmuneasﬁabtummwnaéepmates product
reaction can be carried out at sub-through super

andiyrieasied; mafprials, providing the gengfiis ofsp |'519|¢0§Bﬁ§9 system (and a
vag Ppﬁ%@@yﬁ&l‘fﬁﬁl\(m“é dvol@hy tﬁﬁ Refithast %é\}qﬁ%%ﬁ%giﬁéémponents

roduct er nor e; e tenmperature
of the mamtlmnlslystmn @sntinuallyyin diostadt math thie catlystwhichevould limit the
[ nper at ur e nthe bottom and t he

hi ghest t

comaaro RS ST a 115 BRRGR VSiBY HEBBRPMIoNY  poi nt
of frg ?fégé%'atll{aﬂ’élg)rﬂeéc@@h & Be errfe'EIeoﬁpbf‘%UbLtﬂﬁﬁfgh super
the particul ar condi

tions of pressure. MNoreover
atm&sprhm’rcrrpnesisuae @g I @20t tood0 dihesspImreshaﬁge temmperature will vary

depEnBingRt (e retatits 2a e R oy o SR ITRe g long the

cofuln APKE S=oRsAflestill sbn d:dlumm%%idbh&ﬂ@ﬁ%él‘a‘iurl%%illrbe in the
the range of 500C to 500 OCL preferably 700

bottom and he! &mpenaéur@nalomdheocczloom g haw@me;dmllmg pomt of the
Sin the ra

coffiaTiog5 et e thny AR R Sl B o poPlic\ iy RS of pressure.
MctE6DEh s @ﬁotﬂw@rmtcmeéttdfeeécbtwﬁdo@ﬁoﬁ@mﬁge&ﬂ@%h@em% in the

at .25 to 15 at nospheres for the resin catal yst
colyinest, ebutemensly eeyses repier beil bp. dﬁOWﬁ‘éefn éla@ttem@eratures within the

coftyth e 3ol Bt SRR L WAL foridraly Bb P theSBhdEr s0°c
to 500387 pistaratily VedCFEGEOOaCWOBthe?ﬂ@Be stewblarsiheoP G &ngen SC for the
1, 2004, as US-2004-0000474-A1 , ichis |ncor ar at ed

cafien exghangs &sin.raadymore preiarablydi ’flﬁ%mgq PlAba e 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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velocities greater than 50% of jet flood to | ess than
100% of jet flood will pronote fractionation in bubble

wae oloamsss Pref erably, if the vapor vel ocities BECBEUS2005/046628
pushed above about 70% of jet flood then the
distillation performance of a given colum packi ng
becones simlar for both |liquid continuous operation

000b4plag | amliche ingstppraaad herdin its @ptitetpudtisa®beeafoid that vapor
(ordinary distillation tower node

[ I f . The sane tower can
velgsitigsearapiead than 987 8§ jet f@%ﬁpée%zhﬁﬂﬂ@p%@f igt flood will promote
s o] i e . o
frafliGhatrfh HEBp | P rleRbif dfthb Fapbieibiifier bRyhished above
abb&bEO%eof jfebflpanqu thet thd aj:s_tiltaﬂ_oglqbeﬁm)nametdrfaa glvba column packing
packing i.s either jn, i quid continuo e qr a
bebamse SoHler RicRinJisiid eRethqlsyeP gt AR Dy BBlsvE M emode) and
vahbReghtinueud DehStbrf fordiitarp Bistlatieloivet aRdde)y el OC! LT es
are so great that reflux cannot return to t'he reboiler
f asThersanyhtovwercanreso peratlaither as evribbledbalumntdrias a distillation
oint, the repoi.ler wi.ll. run dry and no stead t at.e .
toibhb Y caRtpingan ianiddavel dbbu e dcfg Hbdeduusually in
thalebbbfert ff & istilltiedl BAURIN)¥Etha fRIPRCRING” &f bitler in a liquid
rati os. The col um packing or other internals

copiimgdusdmoglet oresy ¥apoer errtinuexs Iemeg ekhe flagideggintii (1 00%oef jet flood)

s GoBid eI et whare vabol Fiodlit Besa b 16e AR gannot retum
to WRPAIboilaf Rast¥RbagH ¢l nigin®ilreboilcelevkl. ORBové Ehis point] the reboiler
out the liquid continuous reactive distillation there

willhiun dosard ng steadynsiede pparation can be maintained ofiflovwpmapamay be

' ) f L CGHJj LI I .
usifl 16 B i S ob i lieD H phb of K tefibh e CULHRR packing
or s inedrhaisYirdeding Wayk drehet sxchdngdrasend|Ssywllienot significantly

distillation structures, such as rings, ball )
altgefhe peréyrmancednyosements digslopgp bes Hiatrasws from agerating at a

hiogﬁ\l?%oer’rafé S)‘(p?ﬁ@ééd %s 09, (?ftd efiodj stillation structures

nown 1 n e art, 1nc Ing the catalytic
di stim chayingrouttthe diguidesontinubhe réggivedtistillativadhere Willisually be
Pat ent Nos. 5,266,546, 5, 6431 ,890, 5,073,236, 5,431
threggehases. s[’tb@@ﬁ}sﬁ@ solie BlaRf. 5 g eAHEH do S8R Qi Niauid filed
coflin®h H|sltiﬁét'icg§a% &0 809 ldif?e(},'fﬁ%db r'?ﬁ.%%teérypl%ﬁﬁﬁé ﬂ%e?re‘vﬂlg)gé a solid

separ at ed ractional "distillation, or there may
phaddedSimple hdistillgbien sindtofest Isech dunngs, bakjupalyleiesh saddles or

fiogp e Roirihentiavs BkblansTasl) B pherabpiiffionmiuctures as
knﬁgﬁyti@ tRS aft, RRAGARE gh% %gtawt%igtma@n@wuﬂea dfftﬁg g@dn%%scribed\

e reactive an reacti on product and fe y
in beS skptanhiNes. MA66,246,i TA3hBPY, b 781365431890 and 5,730,843.

distillation than by.the re.stripping.actign of the .
gas T pofiRangfRG oL SRSl B B i Riarbnaterials

to BeSsepandtal ByfradlionabdicamEToN bE thet Meaypbé agldBataafid abper end of
of i sobutyl ene and propyl ene or separate streans of

the gelumy sfliqnid whichts highertbading, 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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according to the present invention, the olefinis a
| ower boiling material than the organic aromatic
w@oeipausss | n such i nstances any unreact ed ol ePCTIUBR00$/046628
appear in the overheads product and may be recycl ed
wi th any unreacted benzene. However, operating the
reaction with far |l ess than a stoichionetric anount of
isobugflene iamdt ppyishet ooseparate sheades of ebel olafin.! In the reactions
normal |y keep the olefin Ievekl n the overheads | ow

aceRiding: I3 the Preseatt daventing, HigQlaTa igrd iRwercbel ﬂ@m@rlahthan the
org{léﬂ ? aFGPStit o fBein dléh mélt%de%éérﬂl Qﬁre%@%eal‘éflﬁ%l appear in

Inthe reaction zone na
the ovérﬁ@ads nrodmtﬂfaadabay/bé reeaycﬁm WItliaayldnnmcﬂadotmzreabl y-lowever

opraiia e Goinith F Rar dheh@ SOIATENTS,AGURET olefin in the

| re%% 55 ‘é‘e%%t%@%@hohﬁal’lj‘@ééﬁ’% ?Iéhrlﬂév%ﬁ inotﬂgio‘i/erheads low

conpl etion, since the sinultaneous an
oreotltahy ebminsftedct i onati on and renoval of the al kyI ati on

%t fromtheagjstillatiqonﬁﬁ;'o um reactor d tl tio of

aII S HOAPICAH QBT ERTRAMT] BUE ¢4 17 ‘?r&%‘rese mole ratio o

beh@éﬁé tPBlefihon feAeaktieh z6nEMdyBdingthe ralRYEYED to Y@G))/‘I preferably
| ar ge nol ar excesses of organic aromatic co ounds

2 tpéim 1 and meieydesighly aboutl 1al@ o). dhe greptar theexcess of organic

g ciosiostich TG Forec il SRR KW rfondiitiffp product s

impAs/iRdc AIkylaRsn iforebd e asimpidtRrnasineglthe sisndlédeous and concurrent
acceptable olefin content in the overheads (as,

fragbienatiiandiseneial of the@iyéatiparmrrdustdrons sodistiationyaelunn reactor
dob§ Mt Sty e pfdégfﬁ gﬁ \%Bpwm?é {GRGE ’revec‘rggqjﬁél:ﬁcgﬁ { ﬁé;%hatehers

propylene are benzene” accor
Pripicisent Homewest, |\Mlyt|argfeownﬂaare@m@aes/ olﬁlmtrgdznlbemmmecamnpounds

reéﬁji qu Q s'eng el% %{@Zfaté@ |ag3, qbgv@wﬁ% gthch i elglirtﬁg aﬁ%hé’é' Sthe rg;orrect ratio
of gﬁfelrﬁ@gl tgc 6@@5%({ o; kg mdsPpa d'%?éﬁfmﬁé’&'ﬁ]r(‘e%rch'c%%bmatlon of

over hea ura occurring zeo
reactaptpuhawetiarsethel azcmeatmblaroéefnntorgenbmﬁhleyomheadse(aﬂdescrlbed

asew alent, t nthtlczolltes nat ur al
abgys) i MbispaRicyr ekpbedin vl BT B HBRG ) mportance,
isdMft eﬁ ré(Hbt 155'63? ylérik e @é@%%“%wth%@r’i‘iérfénac@@r‘ﬂﬁ*@erta tge present

nat ring zeolites are acceptable’ so lo
mmtmhdp farre sagbstant buatlyl pepz&na an loaenere, respeaivelt eln both of
or ous,.cr three:

thege fRavions ﬁ?teca'@be Bing WQSE%QJEF'F&OH'F?%}%F agAdtis depfable to react

it rhﬁféﬁtﬁﬁhﬁ@vé%bnﬁé exeic8 ¥ SRerABRYI €d to both naturally
occurring zeolites and synthetic zeolites. The bal ance

of tNedupllyaneuring geslies mayrdmegglar giore sizedand araenot generally

ic zeolites Wt t.hat, nat.ur al
coB b 5P aRET 48 il SRERE HERRARH AR Sucn as
ferribHicFahRfe abA¥RIimensional poreetiliatur@sintth€ present invention, however,

natural zeolites are the functional equivalents to t he
nagyratiy ecterringsigditas 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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Usual |y synthetic zeolites are prepared in the sodium

form that is, with a sodiumcation in close proximty
W o00eactssal um num t et rahedron and bal anci ng i t BCT/O82098046628

Sonme types of nolecular sieves are, A X Y, L,

erionite, onega, beta, and nordenite. The A type

zeolites have relatively small pore size. By the term

zedIRES akd B functiBaalteduNalehtbac they sypibietic Teoktesdi anret er)
rather than the free pore size (dianeter)

Typ and
" hiisualhnegeinepereobiesceapisPaid it 815 Sedium Taa that I, with a

sof 50 5LBHE BP0 oA i M ATRINB Retpioncin i

chdrgee Somédypémofohbmcutarrsmelsiase;aﬁ KaVel s¢iidritehogtege, beta, and
ratios of SiO2 to Al e Sieve catal

mosgenity ethe A ty%z‘im@%%h@vq %W@%Wﬁ 85ieraz s Butheder pore size
is rﬁ@éfgrt @or et 11l9é %?‘é‘bl?ét(d@ﬁiéiéﬁ r&iP@F ?r?ér?fHeSfHéFﬁoreTQfe (diameter).

acl e 'sieves’is commercia
Tymsa)(laniall\éhabeiargbspormeqrzdo(san@w@pmaéelyti@ A)rmad diffgr akéo the range

e h acid to exchange Na for hydrogen.
Ofﬁrgri ?fe#‘ é@f%éﬂlfsz%s produce the acid formis to treat
TypOK-TRLe _siewp o /plp- g@cg@osabl e cations (generally
ammoni um i ons)? to repl ace Na wi th the deconposabl e

Typerys-—-and--t- heb%zé)glﬁé}-GtQJS@at the nole SI eve to

d th t . |

TypRL R e fihes S B RV Bl O EnBE et A,
hydrrﬁélrﬁélergué\reaéaaly@tsreeﬁm?ea hﬁth@apréﬁénﬁlﬁ@érﬂﬁfri@r@ th@ ac.d form
nole sieve is heatéd to a errperature of about 50

male sieyesver exhibihaaigic eharppteriséiagy diheogcigiform cﬂiéhwnﬂqﬂe sieves is

ool e RS LB e St O Ay HBISbvos it

acidaBeh@hbiigaM£fcrdydvegerh UAnbibes nsdthbd ¢o bﬁodmﬁ thtehaij’ti form is to
the nul'tival ent cation exchange forns. Ml e sieves,

treghithen MiRIgesiRYR WIHbldecamesablﬁe@%ﬂor}Setﬁﬁf@ﬂa% apgyenium ions) to
redlg{!% Vaﬁ)fth%%t#éa#onﬁcﬁcfs%tg B nsAd thbtEafteARE hBAT HHePhnol ole sieve to

exchange, possess I Ncreas
deesinpuie tharation deaasg thes aeailifbimy Generaltidihiei Na foon mudle sieve is

tre%eiig\?/fﬁ \gh{rlﬂgg@l%rﬁghg&r{g(pj(@\%égﬁaﬁ%{tghggmﬁgfw@ Bron eef'gafterthe mole

SIe%alrsaﬁé&EU?ﬁ QsterE)%?%ttheoF%Wbﬁt BBBOEC Y0 lfe‘PﬁO\?é(?r@ ?nmonla The

cal ci um exchanged nol e sieves are suitable for
remoesiaitNa’dacs with NHBy issroteceasily gatries ol thah aith mahtlvaleslt ions as

alent cati o stron |on
deégrtlt?e# pgﬁqv%ap%lgﬁeeaat ts arg ggn%qa inggre agtiy bu‘f less stable to
he‘ét?ﬂh%ﬂ%e%\]ﬂ |vél?hﬂt§ati%ﬁ éx@ﬁaﬁ@é fithsaolehgerest Wh‘icrﬂﬁave had their
exchange a affect the catalyst activity. In general
alkatit meitaly rédunedate dowi lekels 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, forexample,
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, Al,0, ratio, (2) decreased cation radius and an increase in cation
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increased SiO2 AlI2Q8 ratio, (2) decreased cation
radius and an increase in cationval ence. The effect of

WO e@baeissy uni val ent ions (e.g. Na+ ) with bi veCEDOBE2005/046628
(e.g. Ca++) is much greater than replacing the
bi val ent ions with cations of greater val ence. The
various types of nole sieves having reduced al kal i

valgeical The effeot ofaeplathdy asivakehzptisde.d. Na*gavith bioakent (e.g. Ca*™) is
nol ecul ar sieves and are all contenpl ated as useful In

myafegigatardhaniraRiastnadhe hivalapiipas %ﬁbe(‘a?rt'ol”ﬁaﬂ areatepyalence.
si z t r V. t
el ggg \?/J}ldrhs ﬁ@)e‘é ag%alet ol@i/)«%é ﬁ?v@gr@e@yfzggm qllie%lﬁmgrtal content are
ChSt&EV@’IZB@t@é Wil acid oy rrto]ecwmzhe\tes ared atey/all somemplated as useful
@@hmarl l% i nsj.de the uniformecrystal cavities,
in FsnRIE§EBHINVONERY| i tic catal yst activity depends on the

UTREfioBf BbUEHER MO ERrd Bk FiSAREArySR 14S KRy affect the

conmpositi the cryst reover
setekﬂaslty c &cabyding tei cbmsﬂmcnfyfofnedlemutamsneVdae:atalgmcd actlwty, zeolite
tructure of .t ess..to site ca

\ { , t hat
cafaysif per s yharharide thaeTtorban el Baviine GinpbabEnty zeoltic

ca@l‘yét%hﬁtf&@béﬁ@ssoh A% HdMbBRbRakAAhLifrEatotnPatherdrital and thus
catalyst for th resent process. Beta zeolite is" a

onkhewhesycal nemp@sdwmfathe crystall Maraover, theset Qatalytlc sites are fixed

[ ] b
it ) Pl sk &5 g "orebEl PE kB stags dp U4 RP tered by
altéRRY theestruétbrd bPARY ér:y@fal .aBditableraofitdsdnclube
particular, beta zeolite is identified by its

chaBeta @eplitei is pefesecieatalyst fardhe puesentorasesh Betageolite is a

ol 88, Sl Bl MRS S bRy U potom

3,308,089 WHola$s hereby ihadipdrated: by rdfelemcddabldetailsfof this zeollte its
cop er, Geiger counter spectronreter%@§ s reproduced

ias ang preparatiam, in particual heta zgoli u%eﬂtlf@ﬁ hyﬁtsgéﬁéacteﬂstlc

PGk B i § o, 1,6l o

U.Bgiadented)308¢06% Thisquatteed, inntartns aBmgwﬁit:baBUZ\miuéS)l(mBgstroms,
fol) ;

rac?latior?:K e?l\aﬁa doublet of copper, Geiger counter spectrometer), is reproduced in

Table | below.

I

TABLE |
d Values of Refleption in Beta Zeolite

114 +0.2
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)TEA]JAIO, ' Y SiO, - W H,O

wherein X is less than 1, preferably less than 0.75, TEA represents
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[XNa(1 .0 0.1 - XYTEAJAIQ2 Y SiO2 WH20O wherein X is
|l ess than 1, preferably | ess than 0.75, TEA
WO eoassRt st et raet hyl ammoni umion, Y is great ePCT/O82005046628
and | ess than 100, and Wis up to about 4 , depending
on the condition of dehydration and on the netal
cation present, The patent al so teaches that the
tetRAhWEMIHONIRG ibAPY ARG abar than bl 1683 thiani 100, 4ddW is @ to about
exchange techni ques. Subseaue_nt publications such

4, E@m@y&gg OPéhéﬁPﬁﬂEiQﬂiQfﬂeihd EatiQpAncHen é‘tmme_iw,a;éi@e;p?gsent, The
o T i S g aaEsc ey SoEIL ThEB: e g on
extieameatechgicagent s ot her than tetraet hyl ammoni um

hydr oxi de and materials having Si/AlL atonmic ratios
gr e SUSBCHWRN PLOYCatiRssUGhARS %lg'@pe@ré?a&eé%ﬂpa@ah@nﬁ Nos. 95,304;

1290 591 5 QSRR 7 o B i
inc{udzomaltertads Brepaned asmgrteniplatig agehtXethey tihr fetraethydammonium
P Baovrairs RevogoSiAbRlae BibmdeBler dhzBofadeiso, the
zeﬁgtgg%gc i c?i!anurBEégﬁ ‘Pfd@nt%efgi%ﬁoﬁ RRJsi 55,040 @NF%'?and 64,328

useful 1 n the present ention are crystallinhe
and [Buitish Gt ntdspptisatiavNog2 084, 700" Boradite BYhavkstrucXzes hd X-ray

) 1..0 0.1 - Al Y Si W H2Q, wh i X i | )
difrpgiors PaPERoeh S0 PALAT Betaraapts (A alk B fedivinin the
scpél of Bresteimanb el Feolle" asUsddhamit 4, Mis a netal

lon, nis the valence of M and Qis a hydrogen ion,
an dmedarmsof batazeclite whighhake wast wsefubin the mrgsentdnvention are

t her.eof, Y is..pr.eferahl r [ .and | ess than
enlsHRlie Blyrinp St RS et el FRbErat R om ¢ rati o 1
the()q,bgme (ﬂ_(o)rfrul_’a_b( greel, ev si@gnv\ﬁ Oand | ess than
100:1 , and preferably greater than 5:1 and | ess than
wheiseintX soless than { sprefgipblyless than bl uny isgieptasthamea and less than
rixgi S ShA: | s '
108 WSRO RAE S Meistinelior o2 ey 3eflE} 8 M. 3lg e hydrogen
ior, i gshenddiaseiohrarmarCoegartic CAtioM or 4 Iifixiire tthereBer iYoidi preferably
Table or_a transition netal . Exa ny_s of such ions . o
areaier tjl"@g % 8nd Ieas thap @ibgH{ 590{1' g§§it|5g§| e ] gq gw]mlnum atomic ratio in
i
thBEBES Folfuid X biBtey P61 Mo (e eh 10I05H Hnd proferably areater
thart Ber aatidessntisan abolt &9:1yalll is uypichlly ansadidmi ioanfromatie original
be substituted for aluym.num, n the above formula. .
sy@%ﬁﬁlsﬁftha@el@ﬁme’snge_ﬁ%lnoaéds@sﬂﬁ?@(ﬁ%ﬁ%m%#sgbﬂ@vsassmable
mé&aNoRS ineRidtbYe R ErOWEA TIRL 17 bf thePeradid PAHIB or a transition
organic cations are those cations which are derived in
metglieobdzamplast iob nsiahononetinelatdayioasnohilithiuby, opdtassiom, calcium,

mep nders?L)l(rlnfjgérigrln??eg]nztxlaﬁl}m', %érium, 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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di azabi cycl o[ 2. 2. 2] oct ane chl ori de, di nethyl di benzyl
anmoni um chl oride, 1,4-(1- azonium
whr@gabdsF2. 2. 2] oct ane) but ane di brom de or di hyPeDKEIIE5/046628
and the |ike. Theseorganic cations are known in the
art and are described, for exanple, in European Patent
Application Nos. 159,846 and 159,847, and U. S. Pat. No.
orgaﬁmﬁcarams argekrovef ierthecarbegdrare dmt;nb@d If@r bhample in European

PatGot ABpUCaE Noa: Thodin 418 1oed0n andidy Matia 588,837 The

prEVé?FéwS{%a‘n‘i’é‘céﬁH t%@&?é’é%laxﬁrh@nﬁﬁﬂdﬁe i s converted

toiIts dr ogen ni um exchange fol | owed by
cal drerahigbncathlytic m:tlmyal tiheebéta Be;mmes@omhﬂ bei gredanimayitly in its

PR it st NS ol pite 8 notpitea 3 i dgin form by
arhdhiurdleikehasgd @Il@@éd B? caF@:mﬁioW 1RRE Eé@lﬂ?‘?g syriife§iddd \W/Eh a high

sites are occupied by "hydrogen ions and/or rare eart
erjopigd. ratio Ok orggreiteoden gativr e expditat ioat chlinatiop0atooe may be

suffiefE A BibrPishEn & pREf e ER O A e AR GEnP IR stes are
odcnpledjlﬁ’y h?@‘@@e\ﬂhb@@aﬁ@ﬁ’(ﬂr pafe Sartit NG 18R SbpHicRiRSorefiifbd that at

be obt ai ned by pol ynerization or
|e%%i|&9 & r?érthQ geligsmsitas afeqaeupied/ pynhydiogepdomnsiandior rangearth ions.

cui T AR OBt ot R et o B b b PSR Stronic aci

gretiys,eard whichl magl bl@rtﬂataMIedybY Bekgtigh ovidyfol@héiization of
benzene, nethyl styrene, viny or obenzene and vi nyl

arQinadigeviny P@W@@U(}%ﬁ ifeigwed hyeﬁw&rsatm Eyeanorles gfoaromatic vinyl
co%ﬁ&ﬁ{ds%ﬂltéﬁlﬁgf& h W‘? Mf'n%rr% @d;@ n@ve&"%r&”&%&%ﬁ%@?l toluene,

one or 1 n adm'X ny
wrwl nbphitvaters, vimyl etgylvbarizepel ynethyy styearng) oimytishlofobenzene and vinyl

xR O Tt it ey be (38 FbIRpheRdhatipssepolymers; for
exah§i @r;?&%m%r&gﬁorpél%ﬁﬁgﬁ% Qﬁnﬁaﬁﬁé‘ﬁﬁh%tthér%aﬁévlﬁyl%mpounds or

di sper'si hg agents various polynmerization
byi erosslakdrgswitiapolywinybeampeunds; fonexayapiec with diviggliienzene, divinyl

toh8s i Bhlsher e effieés I PolrBin Ty or Jiebared in the
pré¥enc bOHBs EHLANGF SBN 1S Br éb"erﬁ?ﬁ@"%e‘hts té\hos\i"érfo%fs' g¥lymerization

the polyners with concentrated uric and
Inlbatqma orAM beused aggd in@gabic @opobnitepdrekidgs apensutfates, etc.

R ER e RN TN E - S—

byg/raaung kABYN PeethBls doteRsmplat By hiIgath) th@?b r%fwuth | concentrated
al ready contains sul fonic acid groups or exanpl e, by

suifpeaamenehlofaskifenigi anid,sen bmconolamedlzmg aromatie ¢ampeunds which

oo R BRI B 2 b PR vt i

gréup® P be. |nﬁt@dhctéaﬁlrﬁcbl|ﬂﬁelrp04yrﬁ§rl dhighoalkéhByobbmtaths sulfonic acid
sufficient sulfur trioxide so that it still contains

graeps:doLenampiee by dreaiment WiRifaming swiuricracid dest sWhiricranid which
cohfsiHS LU trioxide. The treatment with fuming sulfuric acid is preferably carried

out at 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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products preferably contain an average of 1.3 to 1.8
sul fonic acid groups per aromatic nucl eus.
w@a0obi1e1sbar |y, suitabl e pol yners whi ch cont ai nPEIYUSIIN5/¢46628
aci d groupsare copol yners of aromati c nonovi nyl
conmpounds with aromatic pol yvinyl conpounds,
particul arly, divinyl conpounds, in which the

arQOlc)bEbMHerbebi ementaiitt enbnodEnyr ebm;ﬂi@in)dsl with 208miic polyvinyl
t of the copolyner (see, faor exanip Ger man

CopaR@HT Ssﬁéﬂlwiafblt dwmybeem@@gpdsmﬂ whighhtherahaed besgene content

N T e o e LT SRE
Spevifieationed (84 Q) Elthe ibheexcharge cedimlsygdreerpihovseteinta ghanular size

surface e but could also result in high pressure
of 02 %}uﬁ MmnhalthQught BRMIFIES oMy 1 BiyR&P tpagkaut 2 mm may be

erﬁ@l'ro%ég.]f ﬂ'ﬁ% fiher @ﬁhfg@fs‘j%rﬁ)o e‘h?él%é(ﬁé?e 418 B@&r Ic?él'sBLr‘eé’tﬁlt in high

these cat ave much Targef surface ar
presspweaﬁoae dhtoughttbd reaeﬂor irequinihg mhgrtﬂrlvaq»br t/bke&dlesetel agstate the

cal o heomaPioRaH I peror Hed Ratah StoRni s Iags Hrface area
exXpo8edRiRCIthAed SWRYIRY \ﬁﬁi‘éhtélﬁof:ﬁ‘fés@%@%%*l%&?gé ‘ﬁ‘?'a”ﬁ’on -aqueous

are unsuitable for packing in a distillation colum
hysinecarben medaurrb@rppeMrt@dhergedwier tatalystd. a catal yti c

di st,i | atlonsrucu alytic disti]]ation
ot rJbetDBl itu ferRe B I afbRud sEvEstnd b silbryexchange
reﬁﬁ%saré UABGitatle fBrPaoringline distiiRitivatcolif, AR St Bhbe prepared

upported and spaced within the col um to act as a

in éhﬁ rie ofa eptabvfic digtillatiorsstrueitig. el hexgatal\die disidatiomstougure must
bepgtgle 10Runclion gaﬁélgef'@ﬁ Se iﬁae%ﬁt?%rﬂéf&%ﬁgﬁjéﬁo%g' ":(‘é]|yst must be

woven wre mnmes

sulltabm SWptrtst Byid rsplaeed rwiehin @hd @jolwdh abyddt @s a catalytlc distillation
distillatjon structures useful for this purpose are

stiyicleeode disapagddn Whax EiatsNa, 9266,546 where e gatalyst is contained
in2 \gg@erﬁﬁ/ﬁeerﬂ %@’%tru?t%?e "W}‘ﬁcﬁﬂg ‘Ei %n%@%’f‘et@ﬁ?wereﬁera}&% Other

|ncorporat rence errirng n
catalftiodistllatiprastrudtu eespu sefabfor ehis giypose tileedisolosst o). 8spatents

4 igﬁmgpo%efﬁm % bgfﬁ%gég,ﬁﬂglagﬁragﬂb%% b?ﬁ%ﬁﬁ%gé‘é@ gicorporated

férahgeor below the reaction distillation zone which
cont alns a bed 12 of suitable al kylation catal yst.
BenzZReferrirgy hew torthe FlIREax flow d4agramne>f rae;briamess renbadying the

.1 U t ed d
N RTRIOC PSR O0Not T RS AIEMea PEPYRNe, 63 buhens e e wia fig line 101

.nt%%eﬂrvatraﬁﬁécﬁ@knmégaam6'.mb%?'b%%w§?éﬂe%u89d%né@ %6}93 which
22 th I ghts

of al kylation catal yst an ence to a
costainp pdrecct? afsuiblevalkylation rmtai;star&enzepanaf@smmfghe reactor via

[ight .material ,as_overheads via,flowl
tn bR 8 BiediiEe PRRrens ng: radiingl Sl qidiéectaa olefi
aréQéké’rﬁT’és\ﬁv@rfﬁééd’g VifRw e a0g drRf pasied ﬂﬁoﬂjd]?fmlshlng reactor 20
distillation colum reactor 10 as reflux via flow [i ne

condgining a bed 22 of alkylation catalyst and thence to a Ilghts 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

11
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Make up benzene is added via flow line 107. The

al kyl ate product and sone unreacted benzene and
wob@biiossar e t aken asbottons formthe distill ap€DNS2005/046628

colum reactor 10 via flow line 112 and fed to the top

of a benzene stripper 40 where the benzene and

unreacted olefins are stripped out and taken back to

batteems farm tHeacllsmlaﬂonlcmmmn ecadtor 10 Oiaficw i@ 2 and fdd & the top of
n effect, the 40 are entially

(SJWP' s 10 an e%s

a BRRRN<R TIPSt 4bHnet DRbeaiizene e upsaasied elphpBiare stripeed out and

takéﬁtﬂafck%tthé’Hls‘iﬁéﬁérgﬁolﬁﬂ% Eéé%té!tef@ Gla Mty ?ﬁé N9 3t WA effect the two
uct en fromthe

strippl ng section i S tak
vessesetarsd 40 pp@eswtlaﬂybomlstlllatlcbm oolummwitt fiie \aedel 10 being the

rities., are e streamvia flow
recificiorSeon St aesre A2 5810 B SHnan seeiomar y
but yThd BRI e i RlkBRATror tM@Séﬁzén’ﬁk?stfrlgB@F aQ’b%%Fﬁs \hé flow llne 115
taken as overheads via flow line 11 he bott

anchimpuritinscresuithttiawvy asua gidetsireasn giacitow fime 5040 d'mueapmduct is fed

T YN TN R

owrlﬁéé@é vih 6@¢iRe 118. Wﬁ%&@nﬁr@%%@@%énéls@cﬁh@é\‘y‘ Ud?}ﬂ benzene
118 and heavies are renoved as bottons via flow |

colymn Fhecantaingypolyaliylatrd ibenzeaey anchds IQ@Oivgdc@lntrblfﬁddto dialkyl

Wb L NE dto
o ER RO B S B 1 20 B e PAnd o s ovemnoacs
via flanslimeky1 ahdheagics! arétrehmwdm@bdttcdhgk/leyﬂb\bﬂﬁé aqr@.to
nmonogl ky] at ed benzene, The effluent fromthe

t r ans2@ Riplkl PeRzena it tow fipei sl 8 ismonekingd with feesh berzene in flow

t
2P P (o A ARG e 8h B R ARL P2bcaphiatr
caﬂalysrtetb ce:onr/eradtabkyl herzéné loadonbalkylaved betenef 'lfhe\/@‘ﬂﬁ@ﬁltfrom the
e catal yst. The reactor

f. b
NG e (PE TERIHE A dIadng| A0 Anfripecier e benzene
stll‘?;%lﬂ %oluﬁﬂﬁ érbe?@éﬁ‘e REREmJN& %‘?L MNideggs(propyl ene

or butylene) [ines were set up so at elrther could go .
to either feed point. Fre&XAMREZEne was fed to the

porhdad e iphCichas iistb iR S bedisi hiveriqgt each of beta
zefoﬁﬁacééié £ TREFechst vsfdsf cﬁnf@UFéﬂ ﬁ&ﬂ)‘lbﬁ?\%ré fRfe EJ% bﬁ\e‘ﬁﬂ injection

bot h s and then through™one bed only. Then
poiRts, 0@@ undeoeactbeed onhg. olefinfagdeimomdsne hebhutybixhe) Imes were set

ortt el Eiler b BBk slecitbedon: Frost bt RiPD the reactor
ad’ eeslonties qefiok | rlns TRE EbigHn hed b?e@fecﬂlﬁ% R@M continuous

colum and the heavy cuts (to sinula benzene
d|§ttlllatlgpj nge remt@r was Ppeededirsg agthmpgyigng@e%cbwyly to both beds and

h bout, 2
iR Bl TS LA BB A RIS 5885615 5 Byione wes
théhedded|ty Hoth @bdé lndhfiraally 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 (to 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 I.

12



A dershaw cuts are shown below in TABLE | . TABLE
First half sanple Second Hal f Sanpl e conponent total
w@i06A0156ut 9 cut 8 total cut 10 cut 9 benzenePG@BHUIR05/046628
0.05 1.80 44.72 88.96 1.36 96.84 i-propyl benzene 15.1
524.1 1 89.71 53.79 5.27 54.49 1.75 n-propyl benzene
0 0.02 0.02 0 0 0.02 O nbutyl benzene 0 0.07 0.02 0 O
0.03 O s-butyl benzene 7.30TABLEb 8.44 1.16 3.78 4
1.26 0.08 1, 3di Pr. Benzene O 34 3.18 0O O 0.03 0.30 0
1, 2di Pr. Benzeng, 0.01 0.1 0O 0 0 0.05
1, 4di But y| Benzé'ﬁ%t '@b@amp@g 0 0 0.01 O. §309nd Half Sample
1,4di Pr.Benzene_0.35 327 0 0 0.04 0.42_0
campangiit yl benztoitel 0.cu810. ut © outl8 03 0. &Aalo cut10 cut9
1, 3propyl butyl bz 0.18 1.67 0 0 0.03 0.38 0
bdnzbpieopy | but yl p2.2824 0050 1080 440$20. 698@9@nknowa§ 0 096.84
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(c) recovering cunene and secondary butyl benzene as
bottonms. 2. The process according to claiml1l wherein

W b@o6a0i5s5 a nol ar excess of benzene to propyl ePET/aRIN05/046628
butyl ene. 3. The process according to clam 1 wherein
said overheads are fed to an al kylation catalyst to
react any renmi ning propyl ene and butyl ene with

The ivenéioh eldimethisdddi t i onal cunene and secondary butyl

benz;:n . 4. Thﬁ) péocess accordidglg to claim1l wherein
sai d-aNkYPSESDIPTdEE SopsHreat BEdbetien of FEmMenganst segpndary butyl

b&%iesédnﬂ&ié?ﬁ acid cation exchange resins and
zeolites.” 5. The process according to claim4 wherein

sai d tran@aldoricarientlycat al yst is beta zeolite. 6. The

process according,to claiml wherein carried out, under,.
i qui d_cot [4RRI00 HERENE MilhsPrOpYleRe srgttiiens indeg conditions of

teRPRFHHUFE Bhd PrOSHIFE iPthePhreSEABIBf SR rGREHE Q%gbétigb.tdéltalyst to form
benzene conprising the steps of: (a) feeding a Tirst
a m\ackigm iy e sontainisgunieasted\pasizebenueieactatdpmpynendnreacted

L Stin ssent i al of propyl ene and
b@&'@?gﬁ@’%ﬁefﬁ‘&'i %ﬁ%ﬂnaﬁﬂ %ﬁtyL%?rﬂﬁﬁ{%r eactor containing a

bed of al(ky! abparatingt Bley Shreddidd TEHEhEEMhtdadtdd SHoPylene and

distillation colum reactor; (i) reacting a portion of

urygaetegchityieacviram thegarmens aptl sedomdeno pytyé bearene diydfractional
did4llibgne to forma reaction mxture containing
unreact ed benzene, unreacted propyl ene, unreacted

but yl ene, (b§ ueeoverity thecondaciedobbyemenariictdd ipropylene and
separating the unreacted benzene, unreacted propyl ene
URACigAUKAERE as RVPrerRds: @8 t he cumene and secondary

butyl be ; ' LSLA OR;
D e e ARG eGP LA b ot B g potoms
and 2infTéecpredebsitaccording torolaiai d whertein tiadreois & pholAn excess of
r eact s qverheads; and (d) renoving the cunene and

beIEEBRAQ AOBIEY? SBRRBLYENEr om sai d di Sti | ation col um
r eaCS.OThéﬁarB@éésoé'&oréir?gl tgr@aﬁer?iﬁ%%% %\laﬂ%éoé%iscél%' 84 to an

7 mhereln there Is a ar excess of benzene
alylatinn eatalyshtb tacy beyaem@iniig epropyleassaratboiyiinegwitlo benzene to

lam 7. wherein said head fed to a finishi
foff ZBioNEEATHERR Ay cLoaRancarY BvR) PavTeRe-caral yst Lo -

read, arhe peiBsBi A& ording to claim 1 wherein said alkylation catalyst is
selected from the group consisting of acid cation exchange resins and zeolites.

5. The process according to claim 4 wherein said transalkylation catalyst is
beta zeolite.

6. The process according to claim 1 wherein carried out under liquid
continuous conditions.

7. A process for the concurrent production of cumene and secondary butyl
benzene comprising the steps of:

(a) feeding a first stream consisting essentially of benzene and a second
stream consisting essentially of propylene and butylene to a distillation column
reactor containing a bed of alkylation catalyst;

(b) concurrently in said distillation column reactor;

(i) reacting a portion of said benzene with a portion of said propylene
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propyl ene and butyl ene with benzene to form additional

cunene and secondary butyl benzene. 10. The process
waecwonaissy) to claim9 wherein the effluent froPCHEBI05/046628

finishing reactor is returned to said distillation

colum reactor as reflux. 11. The process according to

claim?7 wherein dial kyl benzenes are forned and are
andeﬁ@MeUu’e}@rtmltcb divema b orepctioh hmédi e cun’aim'ngndnctbd benzene,

secan ara/ benzegg&a d further gprl Si Bg t he _
unggaqied pFop L&E@?‘ﬁf& eB%t‘E‘HH%”?@“ $HoeDPARNLRyhbenzene;

col um re LGN

benzenewgrme Sr r\%’g@b‘ﬁ@@ﬁl{/@r@ C%@sggﬁd Séi‘jtgﬁrgiagtéi{glroropylene and
unbemteddmtwleee femo\be casnenes and rsecbodamynisytybbenzdéne by fractional

@ glng said second bottons containing said dialkyl
digillaY@Mes and benzene to a transal kyl ati on reactor

cony@y ReRBvid ﬂ@nﬁl@r‘e'é&&hﬁ beRz&HR, AnYSactul %fr@pﬂeﬁ@ ratn'dolﬁ‘n reacted

of 'sdi d di al Kyl benzene is converted to nono al
bubéen@frem said distidlapioo cedismaceartdr ag overheagdishamd vvher ein

s ond il 8 Bl el SRR IR S s distiation
colffh réRstor 43 boftbmspr ocess accor di ng to claim 12

wherein said transal dyl ation catalyst is beta zeolite.
8. The process according to claim 7 wherein there is a molar excess of

benzene to propylene and butylene.

9. The process according to clam 7 wherein said overheads are fed to a
finishi'ng reactor containing a bed of alkylation catalyst to react any remaining
propylene and butylene with benzene to form additional cumene and secondary butyl
benzene.

10. The process according to claim 9 wherein the effluent from said finishing
reactor is returned to said distillation column reactor as reflux.

11. The process according to claim 7 wherein dialkyl benzenes are formed
and are removed as bottoms along with said cumene and said secondary butyl
benzene and further comprising the steps of:

(e) feeding said bottoms to a distillation column where said cumene and said
secondary butyl benzene are removed as overheads and said dialkyl benzenes are
removed as a second bottoms; and

(f) feeding said second bottoms containing said dialkyl benzenes and
benzene to a transalkylation reactor containing a transalkylation catalyst where a
portion of said dialkyl benzene is converted to mono alkyl benzene.

12. The process according to claim 7 wherein said élkylation catalyst is
selected from the group consisting of acid cation exchange resins and zeolites.

13. The process according to claim 12 wherein said transalkylation catalyst

is beta zeolite.
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