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SKELETAL | SOVERI ZATI ON P ND OF THE | NVENTION Field of The i<}
I nvention The present mMWrMﬁm@m s to a process for the skeletal -
i sonerization of olefins. Nbrgisgpsgfti cularly the process involves aronmatic

al kyl at i on/weab/kessat i on to convert |inear ol efins to branetwusssinis ns (al so
referred to herein as isoolefins or tertilry olefins) and to separate
olefins fromparaffins. Related Art The skel etal isonerization of olefins

is an inportant reacti ofCFOIN (HELEFAL DFMEHAKRTION FPRAGESSi es. For exanpl e,

i sonerization of n-butene t@ACKEROUNDCOR THEI pES to isoanyl enes has

been practi ceg 41 B%Oﬁlﬂgelﬁ‘ﬁé}@i%fni ns. Since n-pentenes have | ower octane
nunbers than |S(’)Ipentenes) the n-pentene isoneri~zation is useful for notor

fuel productionTrPhePFRIARS | 2BVEBH Y KepteFedOand PHRGRSENECE o the

i sool efi 8 usskblletapr déoaerbxygborat @ slehires. neMdyd particararbyt wheet her
(MI'BE) and t - he g%/g): I §q4 i J tant .for the
formul ati on géltor%%%ér nu%‘?%idvg%so%fé% FG ?1#225&% ﬁ,}e]?géagfi ug:relﬁ?’as t:E))ct ane

i mprovers in YPIVELtNd 18§87t §1READR e tANBERNTRS] O kSE T of LSRG IENERY t here
IS no sinple techeredgy &9 sSepaatféns| edr nstdutdrryar eléf fuss anchmeonter t
l'inear ol efing, a‘}aQEaan?f‘Pn lﬁ:fcjmniarl,i'?ffrtlf).f ore high purity isoolefins
(primarily tertiary ole |ns§) were primarily produced by separating tertiary
ol ef i ns1PromBHet & PtFe of ol efins using the "cold acid" process, i.e.

sul furic acid emheactkedrtahovisomeriaation coficodlefingensr an pmpeetses are

not generally isran al desi.hab n ; IS; arti arly
cost effici enlfe?a%\g.léa ggtaf ét?le Sﬁx‘% 1!51201 gf%%“ﬁ)éagi sépggggﬁ?‘#e) rerr?j'\ggl of
tertiary ol ef¥5AFPLLomiAoMeT12aF LM sOhy NaPHERPE | £t i16QAPHEYLERR 0APBsPTi on of
t he et her to pedenes the tigdanglgnesefhas | hesnbgtmavttiizieldy por erfodee

Subsequeatly,; %ﬂfiﬂg9068§f§c@rng&i,&qqéLemsm@shu,ep Yerahbe rmumere
disclosed in U'S. Pat. Nos. 4,447

. , , 668 §CR&I§2; 4,351, 567 (%e?q&/%%f and
4,691,073  thanyigopsphgnes pdf NSBNEEne slsemerizaiyon b uli §oFhese
processes t hendtiarediued! pirodschien subBhantsaaieryzahabh ect en-lariericlse amai n
result is ]Eoléfp%rc%les; *EQOi@JdL@ifnl%O]{cI_bQ@-reé fﬂgbaut@@dogygsﬁat& gddasasThe
recovery of linear, ol efins as isqolefins i mte Since they ar
usual 'y pr esé?ﬁm it o it eb‘htyauaﬁpi‘ﬁ/ #%’Fg%i Eﬁgt fﬁﬁré:“lag‘yﬁlo “{E&gﬁﬁol ogy
avai | abke t o etmron(TAME) y isodnereasirarhyt driposshnti fier ComvEsrriudedlioni xed
bed straight p@assetsAfidcedl | Qko19he0! @Fc)S arth&uthésd | el ugbdeds thus
limting practically,10 achi evabl e yi el d of rigonge&ld%s. The sqmaF? zations
are carried RATARG nYTRESYHE catal BficH I i TaNd®t he
| i ke. Skel et admiissdimmsi.zat i on has been carried out wwth acidic catal ysts

such as fluori ngigdeftiyi Nhere APl 15id( Siimpral YEERRPTOSHPhabe BepathRP

al um ngphosphat es) , . . .
( 2? Fﬁ&efﬁ s from paraffins and convert linear olefins to

branched olefins. Heretofore high purity isoolefins

(primarily tertiary olefins) were primarily produced by

separating tertiary olefins from the mixture of olefins

using the "cold acid" process, i.e. sulfuric acid

30 extraction, however sulfuric acid in general processes are

not generally environmentally desirable nor is this process
particularly cost efficient.

U.S. Pat. No. 3,121,124 (Shell) disclosed the removal of

tertiary olefins from mixed streams by etherification and

35 decomposition of the ether to' recover the tertiary olefin

in substantially pure form. Subsequently, other processes

employing decomposition of ethers were disclosed in U.S.

Pat. Nos. 4,447,668 (CR&L); 4,551,567 (CR&L); and 4,691,073
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ferrierite, alumnosilicates, zeolites, clays, etc. It has been known that
ferrierite and ZSM 35 are shape selective zeolite catalysts for n-butene .
skel etal isonerization to isobutylene. The nost preferred node of carrying
out the 20.weoea7i8zati on is the vapor phase fixed bed operGHYMIHIIIHN which a
tubul ar reactor is packed wi th heterogeneous acidic catalysts and the
vapors of the olefinic hydrocarbon feed s2ocks are passed through the

catal yst bed at the tenperatures which are effective for the skel etal 25

i someri zati on(EXRmdl-| y ¥PREURFUDI I bERRESG SRFRIGSESS dheofl ig1aap] w3 sifdnfuch

easi er than tdwe skebetaitiadayerusffeaitednchnieneret @ ihenpanaturis kequi r ed
for the doubl (IS i (We]y r n,t Kk

i sonerizati onse%%%%great ﬁ%%il.eztggsTthérEe:Bé&?gfkgﬁer%{a?o%?ggagl idyll%itfgbg&ps of
al kyl ar onat iThe oFSRANRIY stthliRedft plefintipasf 15aPyPEERTcAE ldmikedher
ki nd of $sonaginzat theywitreiswmldiyf peesabt firoroel ailaté s ngudraditiofiorR. M

Roberts et alw 1%Cstﬁépé §é _rgﬁ?ﬁéﬁﬁgio&‘%p%@%?f&'bi@etét.r rl'brm"ilcal

. ; . ly.
i sonerization between 35 sec .and 1Sobutyl groups w thout br saki ng the

butyl group fGBWethetBERZENSSAINGEIMRe i nt er conversi on anong
sec- but yl benzen€onveobityd befivent bedl $erdighit \dasenziewamerds zdehonst oait ed by
aci d catal yzeq Je43et hea- eaaﬂfpmﬂélltﬂna%ed,\ﬂ&%lE@J%@CBA%%%;%%}E? 3 of

the equilibriummxture contains only a snall apount of tert-butyl benzene,
pr obabl ¥0 due 3B FVER1IE nIEELAI iy b?°¥lrf’eflf‘e°‘r‘t - biP§| PETFeRd2ebi PRI BFfi on.
The i soneri zataroiedf butylugimgupacpdiceecsistallystsghsutht tees f arotetudar of a
couple 5 of. JdiRLeLNRALatKS . 1i3ea- bonded conplex internediate first formed by
the interaction of a%kil aronatjic conp undg with an acidic site on_.a

catal yst and t hEFSLERILr 1R I 2R HHRPh PRSP PR R TE tSh I Wikbe P8l Gt e. The
cat al yst usedanafllysttonvemdnabspr otkuo rfimatédsked btalinsoneSiazR0i on of

3' efi ntS_lgener@Aiyiéyaisﬁnashetsbmslaésf)gst agaial Vi1 Heardpiysd ppde £y sed by
epositiron O

f heaV\F/.garb aceous r.rgtgrl al s (lcg_ke og t he C,c[at al iit sur face
and pores. THEFEFSFETSt HETE YOS RGTEST At AT Er Al W 2 yE° dedEt P¥ALi on
regardl ess ofbeent dnpyns thREcfasrierits and LS5 iave: ishlapeatsglpstive
deactivati on zd 1@khesatadypesi F9r epbutens, skieeetkel akahet $PaEIdzatd ON

beconmes inpractical.at the erat ures bhel ow about. 350C. .Since, the

ol efinic hydrf'(?g}‘lgg%le Bed %%’%gﬁgéﬁs ]é?%/rrceg(r)ltmé{r? g fsr?glrlryéﬁ%uﬁ‘t‘to?“%i enes
and al k¥hes iisoagaieabion 0i®| Ehenyareke bbasal fikedobgdaoprevatiom bibrones
even fastelr. whHiehehotepruldeqeartoeai gl yfdkdde $E BRI Rét &fbdehdtREC a8 dd e Toh
over cone sl ovgy, r t on. I S reactlion t erat ure has
to be rai sed\.@fﬁpigggngﬁ‘gaéﬁgo{lg e%éfggtgéeec%]t%ﬁqﬁ’s]’[c &ggto F\E}ﬁﬁggng%ﬁ% of ten
i ncreases t htQckski MF ¢ eRASSEAs, thvopdlduthng Fatglyst pPesducets tHem

i nt ended. Thareafprmatudes catleigst argenef pééobver tbe repkacerepétHf
deactivad ed Galgeyshatidd) & bEGIILFALALY SbuBEEORBRANIREAAI Yarddh T8FL
often the catal yst regeneration, cycle length 1's one o e nmj or

det ermi ni ng PICEINE dRcTRER A ddambEnEkeletabifomerdepiisucardsful or
not. Ar omlaf< [ Icneaalcleyl gheontempdraudieisns requité®| yfgar acihecedoublar oplbise

vari ous al kyl, 1 ts, a an achi i vargd,Qus idi

catal yate. rayqiePioftich SEr T BB I GUEE Thblin SRt e fitay

pur pose, see iSgReEXAAPIY NgMBerpiurefps. 4,169,111 35 (Unocal ); 4, 301, 310
(Mobil e30 4, 7981886 Eklperd) f ankratddh, 468 (Anoaal )grotp891o458aikevron);

4,849,569 ( : d 4 ) I i i | docunented. T.

Takanaohi ot phatd Sg‘f‘%%}‘éﬁ%sﬁl%ﬁg (ran’gt ?’é%‘%giﬁf%’f%s%% (1V)
291) carri ed 3QtheHEpIFighasd dbePmgHiFRtdANOfVh bt ydigfegwati ciedmpounds
Suﬁhl gs tert bﬂ'refliherimlﬁeripatﬁdﬁ.i ar R.lut Robekuenetand petagrst vuat yéa,

et hyl benzene er M iCas i N a ert ugnge was

deal kyl at ed g\%’f ;}@?_5;68?‘?{ g“élgatla I31/‘gt .&éﬁcgéu&'e% kﬁﬁogl\eit%g%%'%g'l&tlgsﬁelee% of

three bRyl b&FFeRBYS0ABRs 1§PRRL Y] | PEQURS Ul Baowhat Bratinawethe i bk i gat ed
3y P. Andreu g&*bg§| flcbmoftHeat Bérysdrie, Mig. 21ThE25ntk@édbpvedditor e&xﬁ(ﬂ ity
ecreases in _Qr - - henze eal kyl ati on
of tert-but yls%ecnggﬁg{%‘%ﬁrl%ﬁ't o%%%gggpg?%hd%%eeg%#ﬁ%y I so%ﬁf‘:y?_g%%g%%e 0 %fin
product. Two 96MPREFERECHERNaAT SHsCAFRL YASH FSAFEABR : t h&hBe SPRPPELE AN of

sec- butyl benzene; one for the tenperatures |ower than 400C and the ot her

for the tenperatures higher 15 than 400C. The ol efin products of

deal kyl ati on at tenperatures bel ow 400C contain little isobutylene. D.
Farcasiu (J Og. Chem, Vol 44, No 13, 1979) investigated the acid

catal yzed deal kyl ati on of al kyl benzene conpounds such as tol uene,

et hyl benzene, i sopropyl benzene and tert



20 butyl benzene. The deal kyl ati on of al kyl aromati c conpounds i s suggested
to occur through the sequential fornmation of two internediates. The first

i nternedi ate (charge del ocalized phenyl ration) is fornmed by protonation of
t he benzenewPidigp783% al kyl aromati ¢ conpounds. Thi s i nt er neR¢HU$82H1S
deconposes to benzene, and the al kyl carboniumion (the second
internediate). This second internedi ate deconposes to olefin product with

or mﬁthput t he skeletal i somerization. Thé first internediate is identical
to the internedigle BLARATE]uRY nRbl rJBO S Te0lorpa Snh 0 CLEAIMEGY OF O
butyl groups 9 sec enzene Ahd |so Perze erefore, the works

of RM Robert%rwtlylbﬁaﬂea%t Ubr Phakdve i t&bé\}éh ABgtakplBFn @heheeact i on
nmechani sms i ny&tu-ashtyl veheefo N \RirHodAuff icbrnear ohef iitoneeizaeiohefdms via

t he consecuti vetﬁakall at | og}r%gggégl%lrg@ gaGt |f%g§‘ QE&?' 98 % +<ﬂ%p§1ha S

i nventi on. F3e? osed a sel ec I've deal

process &f 1 af diiatrympdiatefo f RomTHOPAgAe CHIEN,| k’}/‘?erﬂf@ﬁéﬁé bSi%&Hpl oyi ng
mol ecul ar si eFenfed aby Sthe inWErHRixH7 3T RAKYWIS8hht1d Scomghimispriass i s

useful to prepar n cLes {rggk? rea&} ky] at ed
W th |sobutylgﬁe%cnq}tdc%gadsn%< ur5§ ng é? u ngr esol |n'Esec’()'t‘rr‘gérlgté |ch gre
separ at ed by ®ethyl+bnidggd %@0@@? dt"é'&rl“§ #2%e: are deal kylated to 5
produce m and prid esRitalybt Migendan nthigdr ecnvdryidiadcepsotgss pagms

°1-52, A gustskgif%tgfscaggﬁarazprt%%ss Jeo" tﬂegfir@w%%ﬁrg 1P ngfsa@Jty' ene

fromC4 xt ur'es Sel ene and

deal kyl ati on ¥%1¢*é¥}tﬁ)é’r fags fGtPébﬁﬁt‘}?%?FeW%ﬁF SRUEAR Pl}pégp%?ltp’r%besses
descri bed abouf: Meavel sedBisathdedube rsanetxabjle f pEolet abyt ithedi s4tdlaid on

reactions. | nogataly s gosbh!| QAL CRREEY I SlYEAEAOD Lk

conponent s Of n system are concurrent epara

distillation, c¥s}fh tﬂé’—atf%tléfﬁfjé?n sF?‘ll%‘f‘Ureé’ss &f t"ﬁéaEW?E"Ff I a??‘iiﬁ‘sﬁ fct ur es.
Such syabems s deaar iinadiuar torslpst IdeHcﬁlvi’E\ica‘ntamMthErO&dmﬁéﬁ&i@

4,232 177 ( CRElce dor2d2 630 L1 42501524 SRERbooled0nAB0cA B anc

4,307, 254 ( resent | nventjon provi separati ng
ol efins from dar&ke ﬁ%mP%?té’d’\?énpﬁéewo‘Fb?‘h% 3pﬁoeé:ent singeetie eleHAiq ne
deal kyl ati on R¥dfdwearddty|fiead stiookat usupl bpluctni iy i alesma#l Mesiawdt mXt ure
of olefin iso il d o) r i nds.
JELRedNLAE AnkyRES! ik 13RO dd O dixnar ol EafOIpR

This 25 advantage ari ses m t he substanti al erence In b oi nt
bet ween 20he ofled¢hivatien hbeaprfat |e(‘!§“ Nershar- s KRRwetaieeh H’F%%‘F%%"es t he
skel etal i soneatapidtonrefendftion bis t hecaskytal i orrcansvessdney| st owerr of

ar omat i Co”p?%&i? S8 yféacyﬂs?rfﬁeéé oned QldtliB %Qmﬁbﬁt@f&rﬁéé c

corrpounds in resence fins, separation o | at ed

materi al , deaFRbe&’cl 5ALeedt he 'ﬁlllﬁ/l SeBd 1Ra%kr FRI SXRY %’&f\f'é aFaish etal ly
i SVer i zed ol aéadtsivativrt ashdcotset incrémses t thSUMMBERINY TblEcti\NENTI ON 35
Broadl y, gt he gpﬁgﬁéihr@ 1 fore O Hidahctieltpbdl intefRLa Zat THQer&E&'SStﬁé)r 04

to C15 olefln € reaction of at least one C4 to Cl15 olefi hav] ng
first skel et aFaEl?%lfﬁl""r bHEPBRCTIF N aPBndiec ETMASTRERE urﬁ‘ﬁar dSPRH‘éﬁ%’n V\D
98/ 56738 PCT/ HSSBI;léﬂ]ﬁt@x aofidesh orest A1y spir beduoresmaddeslaayed anofatt c

procuct, deal k¥iah! of gé%%bﬁ,sac' %(Lé,%}.eéa@i&ml;&eo&%%% #1008k oAl dayd at i on

conditions to pro roduct rising said aromatic
conmpounds and™8PeFi néei*re(?ﬂ‘rlr”éé‘ﬁonaf“ﬁgmfﬁ t‘ﬁéeﬂeé:fl As PHOFRESal R§FHEDN and
havi ng aocsecobdmmeetAkly diustesbanl oor didtl.er apbmatin sakylbhtish skittet al

di stribution. ggﬁfﬂé e&e”%’fhggy g,rsaeka%&yk:?t 2Badbe bé?i‘@uézﬁgkgi‘#é@ the

aIkyIatlon/dea éatlon |s r1butiaon
rel ative 10 cBEPBYFEF APDbeamhBepremtars g th; Héﬁ?‘°‘i‘%cﬁi’e‘r‘3§ cofakalyss:
ol efin. For ezaspite aaﬁﬁll)fsiﬁ:l dre thiowal k:pl diei @mongathéohestyfeontiais only

but ene-1 and g g%e t%qes |ft°§. s%glaﬁ?% tgl bLﬁalkO” |N§, 0% Rr %ghﬂi‘gO%

olefins and 1 PPdar Sl efins a edeal yIatlonthéref
tert-butdd ene (HHGCEB) t het b b ?d® butieRale) and4 blR&$d62, (URgSalhe s et al
di stribution afsybesadealtydedind o @bianases (Eﬂ%zbcrranched.q,arJdGSOft/ckan)ear

and 5,446,223 (CR&L).
Dealkylation is well documented. T. Takahashi et al



The al kylation reaction is preferably carried out under conditions to

achi eve substantially 100% conversion of the 20 ol efins present. Since .the
olefins are usually present as part of an aliphatic stream containing

par af fi ns aMd 93688 ns, the al kyl ati on serves to al so sepa@causIyneisal kenes
fromthe remai nder of the stream During the al kylation step, the al kyl ated
aromati ¢ conpounds nmay contain both 25 brdanched and |inear al kyl groups due
to the skel etal rearrangenent of al ﬁ/r ups dependl ng on the al kytation
tenperature d¥dReticHnfy Jatadasis| & sg%r FIifd | % heapXedPhags di ¢

cat al ysts ar @ealRDyeibn pihdelrtt hetyl kazdcﬁtaltdn atfipSihdhesudbahkytatt-on
steps. Mol eC%b%&l?éﬁé’é%?e ar %—Fefa%%{-fd a&tﬁlas&gangora&@t -ége%t'gné,{fnd

zeol ites nor erred he arorrath oun romth al k on nmay
be recover ed eé'ﬁ‘éf P&f'}?@l“@d Y SFhe 2al I?)’/Faf?o?ll‘ﬂ?ﬁ“ca t F3BPESE- t he 'B?’E)"cess
Simlarlsy |i beaylodbiens way Riealégdateddoxed 35 Neeyclikk t cacalpet. t he

al kyl ation r%&%W@Qﬂ%ﬁ&%‘n@bé&%ﬂf&ﬁt&ﬁ@ rgeeb 1 2he! BEQYELd NG the

tart-ol efins ri se ﬁpgart of_ 1 sool e B to separate sal d
tertol efi ns PV6Mm t?l’el RN PREFYSES CBARFSCt rf‘ff’egtri‘lgﬁttﬁ fe bY B
98/ 56738 PCTAbS9&ulétlal7 (J obf otefalssiw,t ved .CR1t,0 23p ,al xeohgl. t orhe

sel ectively t ns;to el her deggribe er.ei nabove.
The unreact egggﬁ {E‘y %%rghlgégrea%tl%r?e?r eggas??lgésep?réat edgl Jrﬂorrl;?t he

ethers ¥br r E’Ber}'%e‘?‘”(Frt%e FPRyPERHER AL POt P HHGEREERe el Hifd. The
al kyl ati on amd gea!&\draducedr entyi Dsbutyyl eept asrobe@iroprodubtbe carri ed out

in straight paS-§wBI xeciﬂ@&%rpa I e G4 2 ¥ C Qkét'b!r@bb%@dr e%txorstﬁ&' ng
sui t abl e aci caia‘i such g Ai, cont ai n nmaterials e. g al um na and
10 nol ecul ar é\% L?cﬁ Al 5§“zeﬂ?e EPratthEn TERPERRE WSl ate
may be carri édwentthm n@OQ“Ke aywhdher othar| fer cttiealtesiperatuhes abigheat | on,

i.e. aggic eghal Yedo-duch @Rea gROFIH epr‘éaacéealwl @éafm £pbA 1 are
nore severe than tk# al ky tion 0p‘_',dltlons. bLH:jOtﬁg é% gtlons t here may
15 be some r EFEPREAYEES iRH- bl © t F L caﬁrsﬂ Yo"y cdt-al ytic
di still ati onFareasiivaht a@eg)uscmus‘@h Hel ,r dectlison 19780 udhvest Byated
concurrent| ytﬁ@péE%e@af:é@ﬁéchedé&‘ﬁﬁtl%téﬁﬂ e HikglibbhabhONcShpbdiasoper at ed
to holdthereaﬁtant fz # # catal ytic dISiI||atI0n sfructure 20
bed (in the EXE “3P‘I’<y| SHBHPEIREDSr o hSPPECPEIRRNZING (A i YP e

cat al yst0 zonbubtintberrensl-ky | Teedepisitlet il el kyidriomathe cameowidst he

deal kyl ati onlgheu%&y&ai etd)r&gét&t 'd:l&dﬂx%hd trne ts'&%u@ﬁﬁﬁaysfom&n%ft he
aromatic and oIefln vg:e r;lione "3}? g %omalc al kyl ati on
reaction is &4Pri é& et 3T 4t al yHiRE di §t’ﬁ t’l EALPEF USTHRF9E f eed

t hat cont ai néeba%\hfﬂe@s phlemtsréar:a&nem ns afeimed yapsetdnatidn mf ddhieng

zeol i te cat ab¥ftend&Figigh o2 amtwfbﬁtﬂ;heoﬁbaiﬁde mﬂsolﬁb@bﬁedﬂ&%
conver%l on of, ol efins tQOSQ aro araffl and a

composes n &S %ﬁebrﬁl n n
portiofof t AECIRATE FAnBElas % 28 par gté’ atr 8 é Ry 8f‘eoa"§ﬂ"'oducts
by distill at serond t intermediatel i | | Fhisnseeenst ointermediapar decehprsesur e

conposed of the ailed bk edp@b@rﬁﬂt‘! c vpiﬂdUCéﬁ a@ﬂtﬁoﬁ@rttﬁ@ ok xanemafi cs is
lLati,on,reactor. to produce

passed t hrou i.xed b L c, deal

branched ol e??ﬂ@er%lﬁ?’ancﬁg‘& %Iief n+BERRS lqtﬁ dfet Sﬁgg}%alprtt?d has
been found tdnsgraiediahpgh®ramamedhabyi n R ¥onvBabiegrtad ofefinthe

| somer izgat i Ofﬂnteréfé‘rQeg:%héﬁ??@f PEREPEIZLELRS S c‘-’f |Qe@-f&i€}qlbeﬁ%’éﬁé' gl the

deal kyl ati on, of ic caonpound a ut in a
cataltic 1 ieceflanaEns)| FRERBEMEe R SheG REC Brkie, Reke ana
rel atively | Bw, Fameasliefi yefesencedi sbave: | payomxpdednofther aredusd ol ol ef i n,

i ndi cating thaéhddm® iinviolvbhe ihSeRer bamidicy oler anRbAH Sl&fins & |inear

ol efin or skelet .ear r ghgengnt of tert-al kyI u _ starting al kyl
aronatic corr;l)(s)ﬁn?ii?tr iy ngarg al Kyl gorng’t?SUtho aeﬁ( A %lPHeéa%]a{f Sfhon
t enper &ur e reackiansd disgdosedetn tWiisf iinveokhiemt in the 10 ol efin product

was ncreased sgesdi | pad NI ng 49, 3T aeediskebelal LsgEBRiFalion of
tert- oIeflné *)knloaroo efin as Elﬂ eIetaI |sorm{|zat|ono
ort-al kyl oPORHTRYteRe BFORe RS 08 1 a5 3t eh Rl Aeria. S il B Girass of
preferably sépalbxledbﬁnme h&Y15ernlaniing amlacetﬂarnetiet\'@ t bt adevaitley| at i on

zone and the aromatics separated fromthe olefins and returned to the
al kyl ati on zone.



BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is schematic representati on of one
enbodi.nent of 20 the al kylation, deal kylation and olefin recovery. Fig. 2
is a schematic representation of one enbodi nent of a selective reaction for
tert-ol ef i nwofyské7eaved by t he al kyl ati on/ deal kyl ati on. Fi gpCBUS®/13dhemati c
representati on of one enbodi nent of 25 the al kyl ati on, deal kyl ati on and
i sool efin recovery by selective etherification of the isoolefin. Fig. 4 is
a flow chart of the present invention for9separation of isoolefins. -
DETAI LED DES TIPTICN OF THE IN%ENgICN 30 REACTANTS .The olefiﬂs are
preferably CATRH® BXPHSt ilfs "SHbPe b HEFNS "4 P8 By GFEFPHE, ithdUdi ng
normal and i sand oprereswl guiixtuRer isx apydatedi vabh eistettykens et énes,
ilsob;ﬂene, 11-ﬂmmﬁr@,o§11£g%eﬁety£a&1@g®1d eisamﬁrflihwfeiltdiilar%sagaﬁat@@b% ]
-octene, 1-nQpene .a -decgpe, dodecene an e |ike. s¢ribed above
a special cas 11’11%@51%"9«5‘%, ﬁﬁﬁh S’leﬁaF?ﬁﬁgr *5P8F Rs Ak c‘ﬁ%g%ias%gﬁer?ozed
during the prpreduce ot Radcpreesdoi®i ng i so forns. _WD 95/ 56738

PCT/ US98/ 11115 94, MMisamuanmaihc W&@gnargrw@g@rr@l Y pag@ani g1 a8 pmati ¢
conpounds under tqie P%eg syre con itions of th rrd| tillation colum reactor.
o b

The organic aPohtt SRS e 1 U R IR TR0 P b o ofSBNe=dr HorR™S ngs
and 6 5 to 20ischuftylexteontravhi € mdyxtovesaby ssdistdtiventslkphiadtiogo afot

interfere W thhdh®1 alykyhatiiseButPrénkli AHahARARP14E64on Bio Fraifiel) ,tifdd and

al kyl , c¥)cl oa k%g ral kyl and al karyl groups of 1 to 10 carbon atons.
Sui t abl é%r gahPPHYARNS c compounds i ncl ude benzene, xylene, tol uene,
phenol , cresol, Nanyt bf¥l YHenzéKpes diadt hpFoerssasedenaphredii @aboyvei mikeshe,

phenyl broni dg;jsdiésdiahydeonaeht kakeas1@&ndrdhe ddve@ytacpr aigel etagigup of
conpounds for_use

Ln_the present _praqcess is .benzene, . xyl ene, tol uene
phenol , and cF88GF1CRSpr ef eﬁ?‘edcagggﬁz&fc ccs)dr’?'p%ulﬁlglsae‘?lbc’r us®t i ntERE Present
process is 15dbenbgrdiony| te seuproeuEme ofM Kher deaction omysitemc aifounds
and m xtgres gén&h@tdrta yC ¥Rpheabbedbpsaidtei feRd%nf Osing PheseataByfcess,

as may relativgl ure stre f r. or bhoth. ALKYLAT 20 In the
aTkyl ation t hECFRTEReR |28 o?ﬂ%_r géﬁﬁi%o‘%i%@&%‘aﬁﬁd L f PHEWEP be i n
the range of are desgoibed yawiausdlyl \im:U.St.o Fagentgnd. fdPeOtlbsi¢Rl) about
2:1 to 10:1. Thesa) Kyt at {exr)gacti,enzjs3ear (¢rxt)qut 4i,250hespr eseres ;25 of

acidic catal yst T. referre ar, olite Beta, Y-zeolite,
ferrierite, " r%%%‘i e6, p(fgﬁ/?“g' %Aail’?%zégéor@% hosphoric acid (SPA),

aci di c 28sin, etThe -pEASKYL ATRventine proyidesata oreldiod| &¥/| aeparatituct s
rra%/ Ibe tcarri edlélﬁixoeult firdmt hpa Py eEiQ1Ge ofmciac?v&noza?al yclsﬁ S-th-Ehepiaééérﬁ:l’reg
catal ysts are e ar | ev I | [ S_an npr ous
Ui hossi i cBFSeEH B OIS e M kLR A6 UL G MIRYIBLBYD A PRRR AP DO
t hree di mensi BEefuefeRuAiides| ar despbrd BiyEIYg Igfmodefdnt dsomeps Weich
preferential | yrér eas31p sepidrated SiFeyRs thdCaramaketr icdpbandSAPO-1His

SAPO- 35,, ZSM 5. ZSM 22, ZSM 23 7ZSNB7, Li e ntasi.| zeolite and
Ceol 1o THETEEIGR ARt npob S P ebh i R Ee BB NSy BEELGT Mo
98/ 56738 PCT/ psisy ettw®eng the olefins and the aromatics.

No art is known which discloses the skeletal
isomerization of olefins by the alkylation and dealkylation
of aromatic compounds therewith. The reaction of olefins

30 with aromatic compounds in the presence of paraffins,
separation of the alkylated material, dealkylation of the
alkylated material and recovery of skeletally isomerized
olefins is not disclosed in the art.

SUMMARY OF THE INVENTION

35 Broadly, the invention 1is an olefin skeletal
isomerization process for C4 to C;5 olefins by the reaction
of at least one C4 to Cy5 olefin, having a first skeletal
distribution, with aromatic compounds under alkylation



the presence of both vapor and liquid by enploying both fixed bed and
catalytic distillation colum reactors. The feeds to the deal kylation ,
reactor can be pure al kylates or m xtures of al kylates and aromatic
conmpounds sw0Ol8/83385 benzene, tol uene and xyl ene or par af fHQTAISY®I e t he
deal kyl ati on reaction is endothermc reaction, diluted alkylate is
desirable to achieve high conversion unless a nultiple reactor systemis
enployed with intermttent repeating or ndre conpl ex reactors such as tube
or sheet 10 pl ate heat exchange reactors ,oduct s_.of deal | ation are
ol efins and &f d’fgdttlggs Ee 0 g (lglh pro uctsk?:ianB? grdoea?tk lé‘}Aﬁr%é
conposed of tdealiydpthonsoatr sthe oraylakeder aronatics Pmﬁulﬁfé sanderi vel y

reacted W th f0009k8ioMABhAiE26ROXYbI Hpraalds Qr EHANFuheedd proaEeYnds.
The remai ning linear .ol efins,gre_returned to either.the_alkyl altlgn react or

or deal kyl at i OHPEAEART ¢ %6ﬁve|alr°t“bati]e?t SPEP G AShe2PEngs
t enper at &ir e fcmrrLEI-’rQOGéaMIyt‘atﬂm olefingnin Sthe @lkgdation eﬁf@f ziblvynf;r am 200

to 450C In gﬁ:_lwnal , sRE1Euer dﬂéﬁﬁﬂbﬁ@ldrﬁ hayeepshd Ornhie dieal Kylhiakton

reaction. The.r e of eSEM £ S f b Q ps|i referably
from anbi ent TE-E Blpg‘lgg Jl'ﬁ P‘?‘k I at?eorr% |€incsorrﬁc‘)iur}: :ﬁ’ 5 )‘g’l akli

m xtures Wt ranﬁarllsemgram%ﬂun:lmr tbara%k?ﬁ%l%dﬁﬁééhﬂkat{%pendl ng on the 25
conponents in tRgem xéﬁﬁes-scktlatkyl ﬁr&mbuelsﬁwpwek&, the sehaetiven of

cat al ysﬁ'?al | yoﬁn%r atiltglg{‘ ?dl O%?"an% k: I:mga]?dgg%ﬁ 1asr e Pur eg?n.ven

subst an &1t ar urée 'l near oI ef| ns or
m xtures of oleffiin.i s&oar §X31391¢hea rﬁ4esféﬁi &Pk§" at AbkY ¥atden gieackiaobe

carried out fﬁ@mc’viwaeat o gS BUEEné 01 hagdd WiEsEHE, thug. itk Ts&e4@tal
at mospher es. +h” %ufc‘fa“ L oqk %tr'ak ﬁ&é {%hn%”%n&h‘io& ”P%{ %[tr“%ie‘ﬁ‘l vary

dependi ng on Ven
poi nt al ong tand @tﬂtﬁﬁn thes %H‘Mé?ﬁ%ﬁ% tlt?fée t ’ﬁtftﬁré‘él%ﬁée{‘ﬁeaéél um
will beigs i rrnybdiahté! ahitanesal uahd thecdriez2gst thespennd Urs&e\Manl be in

of the compodtFage ETBRI & i ReAtRy} s YpsRlalns AR Al §H95711

col um under %% 1gaeareul ar conditions of pressure. Mreover, the
exot herm ¢ heat mak h@&guanoxdomadﬁﬂonchan@eethealbmpﬁx&twde ol Ghaegol um,

but nmerely causes qRLe Pl chPeVWm magglgemz az%éﬂxﬁe%:s‘ﬁ‘okhh? the colum

with the 5 above constderafrons 1n be | e range of
50C to e9iti lefisgperacant- of Sipre rﬁ"&@t PLELipFeRER a‘Eﬁ‘FlﬂO’CPtrGSSUBCa%t
pressures of garto 26 a&rm)s:rlhphesld:f dtheahee dcdntta iini@agd epd ka/f fAilnsonanhd

composed of NAIdNS, ALY a AEAEILG SappaLds MBS Eeplile wk%uaikaﬁss

conposed of sec roup | at1 on can be
carried out sfé%btql\?elSﬁqﬂlmﬁs&fe(?ﬁevét)}'eaﬂepermirﬁé‘gor\'—hﬁh ﬂféﬁlBBé%"of

deal kyl ati on gifept, hetlepphikplated odramafion powpbinids fay eogtaimn bathl yst,

| ower tggfper el eaﬁarpll%gfoslw Yeoapk! Wudleablutal | el tal 1 gher

tert-al aromati ¢ compounds to tert-olefins. on the other

t enper at ur es HHAETARGPBGRY PSr ad kel ngrewpe (A¢RANHES 187 dhieorlky1atddfice t he

m xed ol ef i n yunpduatareoatven ni Hgowky ildneasl efienins camy prelsentexanphe, if a

part of alkylearomatic conpounds are conposed of tert-alkyl 20 group

cont ai ni ng corrpounds pure or substantially pure tert-olefins can be

produced by car AFiAdCosrta s tRe Ay PEPI PG IN HRER Fhebatlgtdon andg

i nport apd t hathd heeaBatlatishi asteps .not Modecubakr oslewds t apehipylefeeppér at ur es

because the g o] ty W | [ gt he

skel et al rearéragcn gﬁg%tgo b'“w'ﬂ re%%@%@h%] A%&%aeofﬁltgg %%tb?ec%)}z %grt al kyl

group of al kyl na%l-"?,m%dr?poﬂﬁwunﬁ?e feem k)ﬂh&tl%ﬁ‘\a]dﬁyltaﬁéOPemYmhg

unconverted atdgtvede@NahdCreglednds the rmgheratheﬁpeﬂjaﬁ Wesepeaduers m xed

ol ef i n product f | ef i C i ne u brium
P Cpr_ﬂ?': s, Eﬁﬁnfﬁ[ﬁf i[’\ﬂ-PeSa% Be ¢ Eoéé’zaeeél ELJ?

di stribution opti nu es for Ik at1on depends
al kyl gP®up d?ﬁqm%eQ 37 &tl’éhaﬁdtltmealéatléltyl@n éﬁ*ﬁ%m OIFdieaé%aﬂngéon\Ahen
ferrierite rrweemﬂmh SI evne m&tﬂﬁ@|0ﬂeﬂacaﬁ/e&ﬁhg| yRé tertidlerdesl kihiehi on of

tert-Dutyl ! oldiEhagl t IileSld SGBINEY o3 0! oo gsrgffe' bt bapeat |

t enper at ur es t han "about I'ven acl

aromati ¢ conphifdreafer Fosl I?QFgf’édmé’l‘t"Pé?‘rp’e? a‘E‘?Jr%%“tlaG\Eert Fhé‘HxFHEe
correspondi ng sec-al kyl aromatic conmpounds. Tert-al kyl WO 98/ 56738
PCTI US98/ 11115 12 _



aromati ¢ conmpounds can be deal kyl ated over mldly acidic catalysts. The
works of R M Roberts and D. Farcasiu di scussed above nmay suggest a
reaction nechanisns involved in the 5 conversion of linear olefins to

i sool efi ns_wiomsisémes consecuti ve al kyl ati on-deal kyl ati on reactusssidsscl osed
in this invention. These consecutive reactions can be carried out in one
step or two steps. If the alkylation is carried out at higher tenperatures
and | ow pressures, both 10 al kyl ati on and7deal kyl ation as wel | as olefin

i sonerization can occur simultaneously in the catalytic actron

ool ti ng. 1 ehEIAEmI WAEBne Gl P tse A1BRB0E o bRy elR BRECs
However, if tbBeredddfdmisotor €achi ehhess cas rdestiltedahelreimaboespertdtaur e and
i gh Pr essUr oy ALl e ddfdl lolo! Iedil sl Teadtibfdagul edbily bgpaiymer at ure

and | ower pressure e sane result can t al ngy in,two ste\\ps The
products fronf¥ole Hha fiReRS P& IRRFYSLE rﬁc’xt 1AL §8D eF A8 95 near
ol ef i ns &rom vtherwisoe@mnplbped( br anched ol efi ns) can be separated from
linear ol efins by 20Q,,8% 1%E&BH Aﬁ‘&mlwlaeiéﬂcpeé&faﬂsr arayl ¥eeilStddd ation

or selective reaction suc therificatio el ective reactr on
t echni que, t h@rsBBEPaPFoﬁaSP?goB‘FEf ;ﬂssFﬁa Fhe rﬁ%&%ré’s"%ds Beds &R
reacting isootetamgtie t Mistiddeeionf reamctars s usSngce sugdbabdé | n@cza:‘ne: rruch

more 25 react X&u} | d 182 ra Olagf Ic@,ﬁtarﬁp.%%trmaast RegM XiuhEsa Gia be
reacted sel ective W t coho , \ter, rboxylic acids and arorratr cs,

and t hedOunr eﬁe%%‘éflhl'rre%‘l'evtﬂsef‘i”r?&“grlgqséﬁ&?é’fﬁﬂ fr SHEnAGRLKY RN 49 P
reaction produnésabyyEatnplmaydikst i ¢dratiiedn qu&crmrsriqgethiiheameconesHmllarnear

olefins are 3Q £§£,V§é 6&, Qﬁ%kaiﬁyim&fl kyl.at i Qeléf@(aﬁaly\éhensaéﬂofg)la SUCh
as net hanol or etpanol |.s encg%) ci for the.selective reaction a e{h

i sool efi ns, efRetit&rch e aﬁ% F&r‘?“bﬁ?wl@t% - BCRYI SEETES bt et her
is the reacti thepabkiytatickhesmnddttions hut (al babherppotiens there 3IHM hese
ethers *1t%V$ bsgﬂsaﬁ@dréoérééﬂecé@&aéhng ﬁ@ﬂ@@ne\mes &%&&ﬁﬁ@nééﬁﬁlﬁmbrpﬁ ane
conponent for e reformnul a s ar

S ete 1 hobE GAtAY e SEe T afe saPanfautind” BersRars the,g

i soolefins  red€:Dei 5GE3EuRES/ USO8/ KontRrrgntlvr esmt@dedftpnm'@he:ohol s

by sinple di ;%\ILJ:?%' QRa ther ecil%rt%uhhhsnl BHﬁnHeorbﬂér&\tbde%oa HRANSERD
convert | ow efin conpo ngs in the

| oner hi gh vap8RchRSsEfed cB ntRe i R ]1°n lﬁtﬁlthgg%%egFF‘é%‘f%r%o
reduce tdee ol bkin aiml aiheracaseconporthe s alkylatiomsdiiene aggmatic is

envi ronnent al na0gde QI HEY {Fa8 ScatdIR@RS e axaethentalkophes@nphbduct
conponents for this

ose. Therefore, this rovide eful
t echnol ogy foFePA¥EeYr Bﬁgctlf‘oﬁth RFBE St tt%ﬁwléera:ig%&?ﬁ?'ﬁogﬁ ngk@
streans. \Wenpapduat i ischepduinsthe catal vsdn zone, and| r!réﬁear@a‘érresamﬁ
phenol s are egpbeygs f&io .selective reaction agents with i sool efins,

tert-al kyl arorratrc conpo s_ar action rodu When iso efrns are
desi red Pt oduct sI"157eh éﬁf‘ngl 1155? 5?:8% i¢ Eg%}% iRt aF e dekytated in

t he presence chratedi outatia yat satatytie | agpotildationatreantoge1sdNdatd on i s
not carried O'ffee%t Tt@x%th' HbdtanRe a &ssmﬁé t hes riteal kKyateiag teﬂ@ﬁéﬁture
is too high, &% pduct wi | n.tarnltr é heftranrs1 or{_o

al kyl groups a&F i F Ut o"ffﬁ & & 082*38 edP5FetT n2aPoEHSH
groups and | i mEarthel @rlrerﬁsnar eunesprehow ot} sconvexsdenl kY| atebing st%ar ried
out at |gyest ;RS Eksmaém)@rﬁéﬂe%ybxhenpbeaffrﬂlé %&ﬁi acigdreieat 8k yens.
STRAIGHT PASS REACTOR 25 For the fixed gg tr argla E?ﬁ( %ﬁylatron t he

ol efin and ar GX&EEE F’é@’a%t’a"rse e APEF35FT o *PB BT € r?éat PEPAFSYES ¢

reacti on zonebyAndiseiltatiom quéthinmryiheg distilMliakifonkededetbral kyl Bréon is

that olefin fegd ir-3edhVi #BgidYd O RpeLaL PEELI ORS amqtm;@aeashoﬁ@fié on is
fed to the 30 arkylation _reactor, at the different locatron @% gj}arorratrc
d-dpEt

feed flows thmERGHFRie 2k BRI RHr ATPHIEIGH <19 i RBFH idn, the
reactor ®5f| uehitxest r dsend neya el ytHey clded lkplahpeny eredntozel dot i proguedd

dilute the he%ra%haaa%&qnsbeca%% thearidted abiopik e@ehteAti Sn35the
exotherm c. The preferred range of r%&ué‘g eratur for tqgl Ilf%l aHloQ IS
from50 to SOGéefﬁPeF’éPQBF b RIS ¢ ?ﬂ‘éagr%’ésllfr FERe

al kyl ati on readiat ar cshmah‘dldumlh|oglefenoug¢m%m2taltapna portion of aromatics
woul d exi st as WD 98156738 PCTIUS98/1 | 115 14 _




liquid form Therefore, the pressure for the al kylation reactor depends on
the tenperature and the conposition of the feed to the reactor. :

, Q@ STI LLATI ON COLUW REACTOR 5 When the al kylation is carried out by

enpl oyi ng tWek%rxl ytic distillation reactor, a distill aticoausessitam i s

| oaded with acidic catalysts, and light olefins such as C4 or C5 ol efins
may be introduced into the distillation tower at the bottom section of
tower and aromatics such as 10 tol uene o8 xyl ene may be introduced +nto the
distillation togwer at _the to gction of the.t L, _or _both olefins, and
aromatics are i\ﬁ?‘r 58ﬁ5éﬁraf’mg?l 1’1‘%&%%0%%&“’3\1%3% PEwér t&EﬁéﬁhF’ﬁ on the
oper ati ng cordomatihcsgaenpend eifperannied ovd dineds wadalygicr Edxedrbede
effective al kxhatbpD amtiehd thePaeadlkpla®io ¥ affdratukbOnsarenBti¢s1Pr
aromati cs frgm t he_.al k gaéed gro ucts. S’Unroe:il_‘clt edc aroaffl nsflg> the}é%fefl n
cont ai ni ng f é’H’artehGSeé FEERAPFPARTY hdSr SRR FTRATEE o1F oFEPRS

product ,5 and olleéinl kyindieast{ng kihat etheredist )jthhel psomebizattiome of the

ar ogat It CS| ?r g,r%tchéaaweﬁfn the 1300t Lareoh ?P?sﬁ@l’@fala?etaﬁ'@ahe%xh&% Head
product . sired, _gne nmay renpve a part .o e aromati cs as e _over hea
product al oné’%thfﬁgbif'é‘f%f igr’f'\é."lpAg?eﬁ‘? e a&%’éf‘ﬁy?gﬂgnaro maétllﬁyf:?\?‘%mi"%é)car ried
out, the prodeact $inedrf adkydndoxgunrat i cBowewer r epdvethd r deplkglabiew| unm as

overhead, anqdcupegachesl abkyhakes, atBel aGOMarEG12Fihh&dh@hemip ogust to
recycl e qback éoft he togduoft t hescat allyést ._JThe gggi ed cioré\é%r %i.gn P&, Pass IS
from 10-% o 180% *Br FE¥EH al'fy 30" F0 B0% When the' dealRyfatdn T4 carried
out by enpl oyinsgeased 3gkeletalytisongrdgpriani of &srtinpletintee, lingarol um
pressure shoghdshr BkONeBNOAENelsd dtdletadtl ibomstizat iR broket-eash ol d
exist in liquid fo%mli'l'nheelpgggug ocI,efi ns are renoved fromthe catal ytic
reaction zon&g 85t A2 oVErfeda Brodtictt” The unconverted al kyl ates are
renoved from t hEndsaberkahedomatrriab| iemprgkeraddyclseparatedeirep Yie t he

catal ysis Wienealiky! afridonrésueaid | €8 QHe | dedhey1catiahnyt 26ndli ahial | &@d on

node, the exact location of ih lefip fe n 9 6738 PCT/ US98/ 11115
15 _ the di st Plha f%% ggP%ﬂ%é%dgag °§“r ‘\g\nh? I g%ilee#olennsd a\c/)'\%\atﬁéeébranr%ll ctu atlf'}’er eeds
and the desi Rd¥ypabaertzonen one enbodi nent the olefin feed to the reactor

is preferably made bel ow pRErK aiFscrIPTheN] dmermbpraklp® ng i xi ng of the 5
reactants before;conta j I t ' t the
olefin feed to ?ﬁé’r%ag%ogﬁé}n{f}% %%%%Fééh%%g&%ﬁe%%&eggg?gﬁs lr)%fd]. The
aronat 140 f eednfaplbelafirin Seadkylpeion and Phef sf§99v&IYon col um react or,
however, prefergbgy Bt isSal@chdustideteprvddemthtion bedone embbhimerdf | ux as
makeup, depe n | i kRt e b € d r ess of
the aromati c%?oodt hée%%fckeklcllvr? irl%a?%%%eafg%o%%ﬁ % eeHr}ggngj(faéo csfil"zédflo]g}io mul es of
aromatic per aAbyiabion dsalkylakbPnis the net nolar feed ratio of aromatic

compound to 15 sligfi B pBRysbemdtdze deprésdntat idiouwEh onlee epbbal yénic of

distillgtion st r at : [Nt aj S i r
excess or ar g%tigﬁc%ﬁr?ﬁg%%d t.&;g%]i_%(g’fl %%llbﬁ {%edqrgggf?%ﬁﬂgoa%ggﬁgyal yl at ed
product is tFelRFEhERenitigakberrefaltigndspeliettrated in the | ower
portion of 20 tReégcoliunis usugliby ahabot todnsthel herexegani tnvermtivin cf@onpound
can be the sgggggagi&beﬁl {RQLhbPgnOr third highest boiling conponent. Very
| arge nol ar exctessés of aromati ¢ _conpounds require a very high reflux ratio
in the colum, and a | RELALLEDIBESCRIRTLON, OF THRLHNVENTION correct ratio of
aromat izp comgerpdanos ol efin nust be determ ned for each conbi nati on of
reactants as we t pt e I ni.ent, | n.ei t her, 4. oV, ead or
al kyl ation pr odhié?. m?lﬁgqﬁgng%ﬁé oPglteﬁLei-%a]gygl %%t %deCF‘H tﬁgf(t:l?)l t’erlt'?c_E
particul ar| yPEBREETREBIY i &a wHer &8n eIREINSact IR HNG | ROERHL adhdankEQ he
reacti on occybgrmsdepepdsr On Fde exaapiient suitaskd iclefihst Aeeobeténes,ced and
t he accept abl, ted Qlefip.in il reany_ (g the_ Sone
1??%8%@?1 4 Yeikbfle #'heeﬁ%e i ﬁ%?e‘éle” P &QME{J%;S

degree of tes be “requiréd Tor each set réactants an
par amet¥r s ofL~BEPEGRE pulreGtengd ohrrRPgNcest  Hrdreadeur edodepaney Anght ages
of present altkgl atiken casr dedcpibbed nddve Gatspleyihl daséibsed i Onfemple are

deri ved frog\b&ggl g:ggggmyé Weabi 0L f WRlichhareokidieri9ks RIGSWESAR VN the

cat al yst

a1 A

process to the corresponding iso forms.



PCT/US98/1 | 115 16 _ surface, resulting in nmuch |onger catalyst life, the
Jatural separation of products in the catalytic reaction zone, the steadier
flow of the reactants to the catalytic reaction zone, better transport of
mat eri al s Rebvypemst he 5 bul k phase and the reaction zone,pcEiskofliiser
tenperature control caused by dynam c vapor-liquid equilibriumand vapor
traffic then the traditional fixed bed process. The al kyl ate products are
conposed of a number of different al kyl gsoups. For exanple, when nzbutenes
are 10 olefins for the al kylation, the al kyl groups on the al kyl ated
aromati ¢ conpourfhe @aromasic| wogpouhds yRrangreterakiy | oxganiss. argyatdegr ee of
i soneri zati onc @hpshkyls gnowde depemds PrébgureNParshdi€iohdr Bxanghe, if
the al kyl ati g‘sjesis. cj;\rried out . at tenEer%tures Ig,ger t han about_ 40QF with 15
nol ecul ar si CHHLAVAOR . TRER™A| KYFAFESK proddffs BBFRATH LI Canount
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are recovered as overheads 36. Fig. | is a flow chart showi ng in graphic
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chart showing the treatnment of unreacted olefins froma tertiary olefin
reaction according to the present al kyl ati on/deal kylation. 10 Fig. 3
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gasoline. If isoolefins are desired products, these ethers

are dealkylated to isoolefins and alcohols, and isoolefins



WO 98/ 56738 PCT/ US98/ 11115 24 _ toluene are renoved fromthe reboiler at
the bottom of the colum as the bottom products. The results of the

al kylation are listed in Table 2. A conposite product, whose conposition
was 0. 97 wiwopsistize omati cs, 36.93% 5 aromatics (benzene, rait/ussseriand

xyl enes), 61.86 w % various butyltoluene isoners (nmono, di and
tributyltoluene), and 0.42 wt % heavi es, was deal kyl at ed over vari ous

nol ecul ar sieve catal ysts. The al kyl grou3p3 on butyl tol uene i s .conpesed of

| i near and branched butyl 10 qroup ut yl ro The
results are | ?E?edsf’ﬁaféﬁleé 4 I\/?’?:%&%og VI ftﬁ“l?sr Ft‘ilgﬁ’f’y?“‘t ol uene
is carried ouThémefntieng @ﬁseedlveohpgeenroh@els 586 neans btm ytonduienkovand 15

35.41%t ol Uengon Abf@frﬁrc%r@éoﬁe%:%' 8l tt%ec%tliltﬁn?és(éo 7§1<9hal%h 10 tpe 0 NMESh)
was | oaded in a stain steel reactor g net er 1Q" Ion]?% for the
d

deal kyl ation #8at?¥¥n h&ﬂ?‘t KBPGb RAEFIREE. ?HB°?%%'EFT i graé”°|1r‘§f"e Habl e 4.
VO 981 56338 nd@SiEtd o Jfeslusiealthies mifiinaandn a26mRET¢: USSBpdriertss TABLE 1

Deal kyl ation pfeP ééhmeensué\' k&’é e i ESANBREa O otARRNt £Qhsons.
1B3Cat al yst PIP1PIPAEZUPP3Te

750670650550600600550PT €SSUT €, P ]
101525303030 3BHR%HE RATE ST QP STIRSARA gompgRents  for  tnid

T1.7*" 30. 5**5pu¥ased43. 458endf018i - Chhisn-Purerdrion provides a useful

2. 560. 7983. 044 4o 9B 3%he CProatictNo’SDf MTBE or TAME from the

68. 043. 170. 975, 1£ 468, 2Producti- C4' X in C4=

40. 731. 881. 84BI%A %Sftf%z& t58PWAUCt Product Distributi onwt xCl - C3

1.20. 13. 92. 10. 9Hen 5@rd®ma3ic3t tompoutds. 3JARIB22s0CHenzene, .toluene,

90. 998. 078. 970y 183355 ne166 a%eGnggo%  fdr khe3@eIChtivel Pedd fArpduct
86. 679. 893. 583. 279. 263t 59. 7? g f

37.180. 880. 2989FRES 7wty 7LS féé‘s =Feitgaskyl;agpmatis compaunds iz (a),

EZ =Y- Zeol i t eredsft icte apFachRyisa( URhe?8 isardelfiineBere( 66} iPdd —pFedudtas,i t e

(&) ** 160NVeEgLed Qér@ﬁ&yﬂ/é@bﬁa@lél Mﬁédm %freT‘ale'dQRglagég& @rﬁTMeégd_@

Feed (Catalytic Distill t|o de F448

483455 - 479ReBBFFHIC ‘%eﬁg Eo8 %96%‘6% E? 4B 5| urm
p.d.) psig2.5¢eskyatgmeed s atof, CWQSW@QlQEBZAtt t@puénehbme@nermree;aatlo
6.21S. 074. 47b1§9ldaur aaéarlksyuaem&?laéﬁpéég&% BﬂﬁalﬁaoCQﬁ‘gﬁrSIﬂHb 1P 99.3

99.2 95.4 |tonoal kyl a in a[ék e 9B. 396598 wt X sur3sr| TUTE
SHEET (RULE 2B%° Sa ?y/b‘é‘gll lzl‘e‘)afme’"r 618
20 If the alkyl groups of alkyl aromatic compounds are

composed of 1linear alkyl groups and linear olefins are
desired products, the dealkylation is carried out at lowest
possible temperature by employing less acidic catalysts.
STRAIG PASS REACTOR

25 For the fixed bed straight pass alkylation, the olefin

and aromatic feeds are premixed prior to entering the
catalytic reaction zone. Another technique carrying out
this fixed bed alkylation is that olefin feed is divided
into several portions and then each portion is fed to the
30 alkylation reactor at the different locations as the
aromatic feed flows through the fixed bed reactor. For
this fixed bed operation, the reactor effluent stream may
be recycled to improve the selectivity and dilute the heat
of reaction, because the alkylation reaction is
35 exothermic. The preferred range of the temperature for
the alkylation is from 50 to 500°C, preferably from 80 to
300°C. The pressure for the alkylation reactor should be
high enough so that a portion of aromatics would exist as



PCT/ US98/ 11115 TABLE3n- C4d efi nsSkel et al | sonDeal kyl ati on
of But yl t ol ueneExanpl e25Cat al yst P1P1P2U1U1P3UPUCPMIenp,

' F800750750750650700600650670Pr essure, psi g1010101D1010101010F ow Rat e
| | HSV12474A0G @skt8onver si on, X49. 7**49. T40. 764. 251. 581. 2Pgrase/iu3. 1i - C4- X
in C4=45. 444.044. 145. 247. 620. 348. 144. 87. 83Producti -C5=* "4 in
Cb=1.942. 752. 702. 723. 322. 963. 643. 241. 4t Product Product Di stri bution, wt XC1 -
C30. 57t 0. 62t . 715. 78. 116. 414. 22. 4C493. 583.1376. 141. 439. 363. 240. 840. 785. 8, C51.
25.26.617.621.217.522. 7Z2.811. 0+C64. 84. 56. 719. 323.811. 220. 122. 10.8C4= in C4
Product 69. 990- 3885 do JPT@n (. gTRCEAEPTS) 1 Wiy BYeSsUre #§T the “alkylation
Pr oduct 81. 09 A%hckdr. A2peOd8. d06tBEOLEDheTat woe mridketthe- nioBitien20K B- 2P1

= Ferrieri te‘%h(él ’eeaztge‘Elrxéeféat&o(r'_D Ul =ZSM5, P3= ZeoliteBeta(op), UP =

Zeolite Beta (UE —Pent asi | Zeolite, PM-Zeolite Beta(S)**n-C4' Conversion
TABLE 4 Deal | uene Al kyl ate Tenp, F450500550b00b50
700Pr esssir e, psiWOﬂMOE@kﬂ)ﬂ:m Rase,candde¢d0 181011041 0 ehpDoyi/eg sitha,

X23.526. 228. 833..45948 ﬁlls@n@uw&e ¥eh8t§ﬂ 3099 58941 78608 7dofufi- 230r n_Eq

Conp, X61.859. 357 455.S53.8.52.3 S~1BSTIT ET ULE 26 WO 98/ 56738
PCT/ US98| llll@af‘FdTl‘fétBoﬁF?'cheﬁ?ﬁ?Jr a\ﬂg EQ rég# %’GP PeC4kel et al

i sonmeri zat i orowfcg odefing| iy e |1mt1rhéucemtxrmo ghenpietilakion tvien t he
| someri zat Orhtof thbNegdctih aBdcthor®! &fel Neods aRa " i HOmAklcEN MAROT aphase by

enpl oyin conmercial ferrierite cat e tradi fi.xed bed
oper at i 6& t H'é?aé‘e\ﬁér Qrdl"XH'EPFc'“Eﬁaﬁﬁeé'“gﬁxi‘é‘?‘?‘sl T{/]t%nﬂ‘ese‘i]e%ﬁ\}iaﬁlc’ﬁt t he
begi nni ng of tdwerr exctthentep sedleiton sifattbe towehe pumcp'@hene;:fapersnand
patents, becalsma@lickh@reokatiauEdd At Mhet NBwELT 888 A 104 thlel @8wedhe

skel etal 10 isoneri,zation Qf |inear effecti ve at
P EThel bl y o hi AR RE: e Lol g, R8RSR A% A EREAF B of | ne
to isool ef i nandaspressirsl geguiredr domg the t Biffechivst pdbhylatiore ande
mar ked gsffergyaeatciont b r;%}:f‘atf'f(iﬂst mﬂr &tﬂéhetiégnbth%ﬂgﬁaua@h tfreﬂal

vapor phase f, xed fin etal i Som ri.zatio al 1.ow & range
of operation %ﬁ?ﬁﬁﬁ?ggf 8F°€‘Fﬁ’ T nvEEaSTeoTRR ??Janslléi & %I :‘%8 tBnger
cat al yst cycleontiaimingefaedecané swmt@eﬂmfrxgmethecrewltqm mixghHreodsi ng
aromati ¢ COMMEIgEabin ﬂm@&wuranag trhe Qﬂcﬁéﬁésat(amthtdaala%habtgp it

was possible to kee e cataly rface ores cl er for, a_]onger

time. The actiWe %?ﬁpselé" And®>Po re% o§ f’hgr@g?‘ag st%r‘\a/ve?% @ wr}:laet:’;mtéir1 from

t he cok@OdepdmttﬁOGnOfT‘hme‘FQW@ ashé&heabatyen sPr\ﬁéPétabI%ft sdredai ANRI gh

activities fafay GRgRvet aMpar8SoButii | itdi@iticsdasl kié abverhda@apiroatdcof the

al kyl at es was effect!tge al %1 e 4 enmperat ures much | ower than the tenperature

(<750F~ requi HER% §PPrRIGHEF 1 'skel etal isonerization in the fixed bed

operation. The f@éﬁ:erhﬁhetwld@élak:}PEtPﬁrﬁ%’@é&%ﬁscﬁﬁrw%wued out at a

30 tenper at urthd qsﬁrdublﬁan ehetlﬂsskﬂaeaﬁ&mamﬁsrlaz:&t iremol-ea arginvene

cat al ys% has 3‘% rg)ort theappl 'a %’[I fOLed hgl)g);;elo1 UGt 'a(}@ qj m@gg gfl ns or
Y of

i sool ef ﬁ der$R es. since the equi rrum rati on |sooFef|ns
decr eases wi tdfF tempebatiomne, Pt?@l%n%rﬁ%ﬁﬂcﬁ hagkedto otkg i Ber t©f | B8l ef i ns

35 Icgltrrl ed oWataa§etdi NgrHed déyid&eunmbbefalbﬁsyéi:spws hiﬁhﬁfoxhsl)ﬂ| ebin
yields in TA 1 _an nt ag this 1nvention over the
ona iR, Rrsgsr%? 302 ES

conventi onal Ter i Za process can be clearly
under st ood. Not Vineny mssiﬁamgasmeml(sm_agréesl out Yp eFpieysmy the

PCT/ US984 11115 tad yithe aseel efdti pramanent &eaatbhﬁ O dtunst pRAgEute this

i nvention are_hi t&er t anﬁhe g@r}lvenglgggt olgfin skel et al r{_.SOErEI‘I zation,
but al so theﬁﬂ* FeP%t P eheSITHR 1 77 s TP Aventt onetidve |8ﬁer concentrati ons
of ol efins, ralidiayist| nindedigaid e fioxBel ef ThestRRAFWSE! oplefidsdodre st r eam

processing. liwmo%anmxem ithd heatigdiiet irvackfioft Rehse asChhas oVEBRegd TAME,
hi gher yl eld Of E'.ers ‘fl’?n Q corp\;e%:'tr}a d fc}{yl%,tgl V%Q?SIrégo ét frlcﬁ{l NEQL

olefins in tH&EY pro Uct s” Can beé conver i SO0 i AS alter Temova
i sool ef BAs bypat:oge| eft ithe r eatvrpn a3id | seeyekechstandhy reeydf ngh%o
al kyl ation resdaQlysthecause the paraffin conponents in the product st ream

are suffici entl Ie;)w al—iq(welv & yort hi, S i sag%f'%r ug forix; het cony :aho ol efin
skel etal isonerization processes ecause efln concentra *n the

15 raffi nat e distdddetiom nede, S GﬁﬁﬁterQﬁﬁﬂQP efatherokefian fepdcinve
reactor) is too dilute. The higher boiling al kylated products can easily be
deal kyl ated to olefins and aromatics. The unconverted al kyl ates can be
recovered by the conventional nethod such as sinple distillation and



20 recycled and the aromatics separated from C4 or C5 hydrocarbons by
conventional distillation or stripping technique and recycled back to the
al kyl ati on reactor. \Wen tert-al kyl benzene such as tert-butyltoluene is
deal kyl at edwoys/ssgisng ferrierite catalyst (Pl) at | ower 25edewgernaiares, the
ol efin products are substantially pure isobutylene as shown in TABLE 4.
However, when the deal kyl ati on was carried out at higher tenperature, the
tert-olefin products were diluted increasktngly with other olefin isamers.
30 This invention also can be utilized to inprove the octane of FCC
gasol i ne and FRght ApsEALdakdan naPPYRE gE8AGHRE | Widhe dERPNA| nRR edthf
carrying out phkylietlap apdedeal d attimen smipdtratiel proawdy] ati o one
deal kyl ati on [ b | in
y SREL LRI LROTBILEA | P0edBYOG R T dftg%gaféy ERELLAPUL

a 35 catalytlcd ati1on co um i n which an aci

The C4-Cg ol ePfdR P?#q%et'g‘aﬁﬂqu@seahe%fF%%ﬁ%ﬁllﬁéflesmrm-w 5 ¥t ures
of ol efi B | sopeastantizxe bgpfepki centfastd withf éhet catdieyst thesiect ranandtlidre
SUBSTI TUTE SHEfR], BHTE 2bre oVEEAP! §§Z§8tBCUh SIS 72 Pﬁ&@éé’és
dlstlllatlontower e exact position of feed position on tower can be
vari ed by t hem@d®RRAE dheofatayfadfd-ne to obtain the best RoN

i nprovenent. TheTheealenstnd fbetit aaypriosiuatided r atn tdrey dpstht!| dhi agthd ower 5

are conbi ned i e. | T E WO
981 56738 PCT/%Jg%%ilﬁlglEliSn oCTpb m%%%te%%ﬁ chgwe §¥ ng@;glglggess f<?)5$3 )th
skel et alt% sonBff9dt PEAOBT the toixets Bedf PRs 18 f—h% F@ﬁét‘?‘or‘?sofm%‘fe‘}réast one
C4 to Cl15 ol eéependham nitsa $oilsingskelimttal direfferably othewé tis at oreigec
conpounds und ﬁ?@éé%@tat@ a%HQi:Rf;OE'é {10 RSIUHIGE 530 ﬁlekxlegéegr giéxg{%}ei S on

product, deal at1on af%/ ate ar omati Cc pro uct under
conditions toXpR¥RIuCE 2 FealX’A WREORGHGT RS J'UR Phr ok
conpounds andtivatef issther netpmm‘ﬂangfbedt lretbbebf naromatire abhyyduaid cm; and

having gssecopgepiie! i) dest Ukl oBodi {11 enlidiRnsatile! | Eatafhel et

di stribution. g rrocess accor g&uml erein sal ] nis at
| east one 4 ¢ ]o*l n. S¥stehe 1ﬁ"ro 8§§a 8dor®f nds o B0 alPAiRE eI & n 4
olefinis pr esebﬂtantla'llhmoﬂamcexseascmf dangnattucclcauhnpbﬂmdhEo edolefin oJrefi nis
present. 5. Tbﬁe PLOSESForRCEHL NOThO &Y RY a/ww‘ﬂdztsaisdﬁéwﬂ,é&}} |

carried out under, conditiqns to oQtain 1 100% onver si on
present. 6. TReLLingdarerdad: ¢nflg ito s@PﬁFﬁF‘BdV\Hér Ehe Llaver PR & is
carri ed2out ubbler axdmwmint | ossally ohlisal hoBOINY coMver imyandt t dmeomdtafd n

present. 7. Thgp \%ﬁ%%nasgomé @eé&?ud%él;ﬂbétmﬂﬁr% 3 @h%&yﬁﬂﬂ&&ls

carried out int (gr esence of an acidic catalyst he process according
to claim7 whBPE % H9FPRBPAFe catal yst conprises a rml ecul ar sieve. 9. The
process accordi ety dmiemnplacegcesses dofcixhmtdat goyppbundspre@exea

zeolite. 10. JhgeRLOGAYH ARG Nhtli® CiRi fhd %@ﬁﬁhn 8A4 dadakk WAt on i's
carri e_d Qut in tc? 1greﬁwnce of an aci okmc cat a:rﬁy % The _process ,
accordi A t o BFSFYF er ei nEAPA actlf ¢ THERS st @5ABr | ‘355 AUl ar

Si eve. compound to olefin must be determined for each combination

of reactants as well the acceptable olefin content in
either the overhead or alkylation product.
The 1length of the c¢atalyst bed in the column,
30 particularly that portion wherein the reactants are in
contact and the reaction occurs, depends on the reactants,
location of the olefin feed and the acceptable unreacted
olefin in the streams leaving the tower. Some degree of
testing will be required for each set of reactants and
35 parameters of stream purity following present disclosures.
The advantages of present alkylation carried out in the
catalytic distillation mode are derived from the continuous
wash-off of the coke or coke precursors on the catalyst



12. The process according to claim1l0 wherein said acidic catalyst
conprises a zeolite. 13. The process according to claiml1l wherein said .
SUBSTI TUTE SHEET (RULE 26) WO 98156738 PCT/US98/1 1115 31 alkylation is
carried outwpHs/sds presence of an acidic catal yst and saiR€TdSa¥Ky1Sat i on i s
carried out in the presence of an acidic catalyst. 14. A process for the
skel etal isonerization of linear olefins in the range of &4 to Cg ol efins
conprising: (a) feeding an organic aromati®& conpound and a C4 to CI5 ol efin

into an al kylation zone containing an acidic catalyst .to, mjniain nmol ar
ratio of or gaﬁ?’ég%ﬁ%rraﬁe uggﬁﬁ%un% &“@?‘i ni?‘ﬁg?]ﬁe %3‘&&35& %l%eo’ 1001 in
sai d react i onnabmealundepazd tiiydnatd Hnpreshititis ovis the castdlyticnl Yeaqtdgmt a
pf)rk t: 0{1, of sa&gng{gamcseéa_m@ﬂ %&%ﬁ”{&lﬁ%@&@;&@hﬂt@' te¢>i £hé Ocd €{1P1AR
al kyl ati on product, conpri si ed organic aronmati.c conpound,
unr eact ed or g’éﬁ?‘ét’aﬁ’bg}é)?’?ec’ glg?‘rrpa\betﬁ\;dgﬁwqf redt e’&atbefr}g‘failﬁ, ck(eg{})e'e?@pgpfti ng
t he al kylsat edbullgaphasar andt tbecoepebhdnf eonet handt hettepnpemneenatugie t he
al kyl ation praghetol (ehubegd 152 dyahkyd atvapoRr 824 £d Al i Br @RPQHad to a
deal kyl ati on zone cona%%iini gg ac1i:d| cg{igl.gst ugfler ?"eﬁla \F/I ation conditions
to deal kyl at eVaPPorthiadt 6t TRER *4t &Sﬁa A°BP Yt X RS PF 288 ound to form
a deal kyl ati on proziuclkydapei pregusitganhre arcanpesedc ovho@ndnumhey i efand
al kyl at ed or gaptfedrtiBi116 1COgRAUPE].  1Por TERaMFIAL,L Sehaif G slitghekO aileai m 14
wherein _said a#k Jatigfn zogﬁ co%s S a diﬁti la"ltklé' n col umm reacttgr
contai nitly a PsEDHed Eci aPe AUHNATO di stiT I SR sBFERPTr & n R
distillation ateylatad agomavhereinpamisuprrennestly isecshtlybraphiterdromati c
corrgound agd(_ﬁ_at_\;dl %ﬁédﬁlb .c?tca_ié/tdé?gzldgy dﬁ?ﬁ.@ofmb@i&@tﬂbr?l%ﬂ &1 Hl Iegtxidm@
product and (ii) said. a tion product i ractd on i Sy 0
separate the eﬁéﬁfb%’eﬁ"s tlg‘ée?%nd??r%rﬂf *Sai gogl i’f/%‘ 4 grf gglﬁgcﬁa}?)lolr?%tqﬁo%
compound i s wishdaenied rovh &b deapPsraturRs oiPweal Fhanr ahewbr400'd wikd
SFOC_elsls 1@_000rﬂblwcﬁ&xclsaieﬁrbléaﬂ$@ﬁﬁis) tﬁ'b.]gl_ dﬂaﬂhl@ddiairi PROANEEs CTYAi®eS a
istillation columm,r i cat ic_
Gisti11ation & PHETL, SRGHA SPRAE LR BEoBR A ?! Fneh G
concurrent | y: PSUBSTESTIIR G4BT tReLELES) grappsoarse FSemecy/efsdly jsuehis 32
(i) sai _ddaldkyAﬁt lﬁélc-_%é}%iﬂlq ar-ﬂaahiép-&mm__ QuURritsamal pl ytécalty aigrﬁ.s&ai at ﬁd
i nto sai eal.kyl ation_pr t an iod ingis r m t he
deal kyl ati on %igmﬂdjﬁﬁdr%\énﬁﬁfﬁgm ?%ifgr;glgg%l g}%} i%ﬁé:%o;éi% Etégct or.
17. The28roces n PETrat N ACARRPRENIES S} IBAXEY HFeFor@n
conprises a dessily abeorsepalrifBdr €aohortizoniHiyliatg aafd xeanbedraei disc
conourrenty: TeP s BEReR, HBE " End Bl crolfikBl £6CILA0) SiudaRtel
catal yti cal Y&P?@‘;&tjt%’ f%‘?rﬁ@aipéralf@m a?*%r;ptﬁ'lomeﬁﬁaaﬂ?’)r RfGRuse
al kyl ati on pretuséntfirfsr agttveadt ynalidkeifihed t o separate the conponents
ther eof ,,zand Saiﬂ.ag{sxéa}sgce{&@if aERQBEi%%g? h a*H}P ¢ NAlum,f rom

said di €l latioh c um reactor and sard | t1on Zone .conprisés a
distillation EBeumdefdrctwoillc bR aidni highen i Retl Bt Beteralathpyt ithe
distillation atémetid enydroecadbshj| &agi pregieaiefdnszonnr shel einstances

Concurrently:in a catalytic distillation reaction any unreacted olefin
will appear in the bottoms alkylation product, although a
30 side draw may be used to reduce such material in the
product to an insignificant level. However, operating the
reaction with far 1less than a stoichiometric amount of
.olefin in the reaction zone, as described, will normally
keep the olefin 1level in the bottoms low or entirely

35 eliminated.

CATALYSTS

Molecular sieves are porous crystalline alumina-silicate
materials. Zeolites are one of the typical examples which



(1) said alkylated organic aromatic conpound is catalytically dissociated
i'nto said deal kyl ation product and (ii) said olefin is separated fromthe
deal kyl ati on product and withdrawn fromsaid distillation columm reactor.
18. The prowesss@ssording to claim 14 wherein said al kyl apeposssgngs i on zone
conprises a fixed bed straight pass reactor. 19. The process according to
cl aim 14 wherein said deal kyl ati on reaction zone conprises a fixed bed
strai ght pass reactor. 20. The process acedrding to claim 14 wherein said
al kyl ation reaction zone conprises a fixed bed strai ght pass reactor and
sai d deal kyl at3¥&n CPBREBFGNCE ofib! EeRThransk flamipRadabens se3dl Frrpasded
rﬁact or. SUBSByTgohr Sbkjder( Rflons2ép form@ %\ia‘iﬁ?j@&r?ﬁ:lﬂ 59 & ektkhhod2en2l.
The process a i cl . alJn: ei j Lon reactiopn zone
conprises a ff@%&ggggdéﬂ a‘%ﬁr{aléggggggécﬂoe?%%. %Eé%i%%e%sevgcgtgbdgﬁg to
cl ai m 16 wher @PRldgfdtal ROFRAt PRI (ST UrshBg caaptikes and isyaghpsdc
strai ght pass zZesadtes. Rsturddlaypreeeessingcoedlged hatall ibrkdudher pofesai d

deal kyl ation i arrled t de onditj o ' l.ectiVv . | af e
branched ol ef |E§§g Z%AdeTﬁggg(n%chséergccorlx nég]é’f%l (ﬁﬁ'%d.m% \(\/hée{%‘g?eﬁérls%i g&
branched ol ef isY®thpEigegaPALEESf r oA aitHe d@FIeRPNEL | 1Y eptdanct hopsverhe
process accor Gamgradlgl eddurkingheesil dtefiglolaeepthblsads xianf kgl ahepn
product conpri_ses ] fy or ed fi QQQ | i near_,ol efins. 26. The
process accor éll.ng tas(%ﬂc%%q{m lﬁeﬁgg‘%'saﬁ grri‘%?lure of Qpr anc ee_d 5F3f?§s and
| i near o}®findis§usapen sthad i Penfdapater ik yihg: sERthebiviciecldtesTHathr ocess
according to ahel mrdevdtandingsatkatn Hatueadf FHaideed stef idonsandrednear
olefins are ¢ i | _J.0,1he presence o n_acidic
cat al yst unde%%él? %érf??wc{é{;llegen%o%%i ?ig %?é 0 saet},gelr(?t’i vle'f)ey_ r@gc ° ag?o%‘r?lson of
the branched d&hef PASUrad. zqpbltRoarss thec Shartierd! cediimalentahtpethesai d
ol efin conpri sgathédtidt efeasl idred.t he branched ol efins conpri ses

tert-butygene. 29.rfle RLReERPadl CREMAN O E1QILR 24r WRERELN ARLYyOLET I N
conprises C5 olefin and the branched ol efins conprises isoanylene; . The
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claim 14 wherein said organic ajonmatic conpound conprises tol uene. . The
process accor FORGALBEE| BHGY 10e WRET Fosdhg segshrrtardithiGanddsipaantn
conpri sexo Xyl ¢hes readBSdh TEf & SHEETThKRUE ot (Omay be any material which

AR T aSeie asiing TEpbegll By B, fprin. Hhuet ol
polyester, nylon ahd the like. e  screen wire may be
aluminum, steel, stainless steel and the like. The polymer
mesh may be nylon, teflon or the like. The mesh or threads

25 per inch of the material used to make the container is such
that the catalyst is retained therein and will not pass
through the openings in the material. Particles of about
0.15 mm size or powders may be used and particles up to
about 1/4 inch diameter may be employed in the containers.

30 The container employed to hold the catalyst particles
may have any configuration, such as the pockets disclosed
in the commonly assigned patents above or the container may
be a single cylinder, sphere, doughnut, cube, tube or the
like.

35 Each container containing a solid catalytic material
comprises a catalyst component. Each catalyst component is
intimately associated with a spacing component which is
comprised of at least 70 volume % open space up to about 95
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1 matrix of substantlally open space in which the catalyst
components are randomly but substantially evenly
30 distributed.
One catalytic distillation structure for use herein
comprises placing the molecular sieve particles into a
plurality of pockets in a cloth belt, which is supported
in the distillation column reactor by open mesh knitted
35 stainless steel wire by twisting the two together in a
helical form. This allows the requisite flows and prevents
loss of catalysts. The cloth may be any material which is

inert in the reaction. Cotton or linen is useful, but
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structures) 12 is positioned as described, using a Y-
10 zeolite ferrierite deposited in the pockets of fiber glass
belts and formed into a helix with stainless steel mesh as
described.

The 1lower portion of the column is a conventional
distillation column configuration. Make-up benzene is

15 conveniently added via line 14. The olefin containing feed
8 is mixed with the benzene and fed to the column via 9
just below the catalyst packing 12 for better mixing. The
reaction is exothermic and initiated by contacting the two
reactants in the catalyst packing. The alkylated products

20 are higher boiling than benzene and the C; feed, and are
recovered via 18 as a bottoms product. The feed of C4's is
adjusted such that there 'is a molar excess of benzene in
the reactor. In addition to the C, alkanes and benzene
and other lights go off as overhead 20. The overhead is

25 passed to condenser 22 which is operated to condense
substantially all of the benzene which passes via 24 to
accumulator 16 and hence, by reflux via 26 to column 10.
The benzene used in the reaction and lost with the lights,
primarily C4 alkanes (which exit accumulator 16 via 28) is

30 made up by fresh benzene feed 14.

The bottoms contain a mixture of isobutene alkylated
benzene and primary and secondary butyl benzene which
passes via 18 to dealkylation unit 30, which is a catalytic
distillation column operated to concurrently dealkylate the

35 alkylate and fractionate benzene and butenes as overhead 32
and the heavies as a bottoms product 33. In this embodiment
the benzene is separated from the olefin in column 35 and
returned via 34 to the feed 14 to column 10. The olefins
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distillation structures) 112 positioned as described, using

beta zeolite deposited in the pockets of fiber glass belts

and formed into a helix with stainless steel mesh as

20 described.

The lower portion of the column is a conventional
distillation column configuration. Make-up toluene is
conveniently added via line 114. The olefin containing
feed 108 is mixed with the toluene recycle 154 and the non

25 isoolefin recycle 162 and fed to the column via 109 below
the catalyst packing 112 for better mixing. The reaction
is exothermic and initiated by contacting the two reactants
in the catalyst packing. The alkylated products are higher
boiling than toluene and the C; or Cg feed and are

30 recovered via 118 as a bottoms product. The feed of C4 or
Cs is adjusted such that there is a molar excess of toluene
to olefin in the reactor. In addition to the C4 or Cg
alkanes, other lights and some toluene go off as overhead
120. The overhead 120 is passed to a condenser (not

35 shown) to condense substantially all of the toluene which
is returned to column 110 as reflux.

The bottoms in column 110 contain a mixture of alkylated
toluene (the olefins are substantially 100% converted)
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O&f()_logﬁo&fggnversion of the linear olefins in the make-up feed and
20 conversion of the recycled linear olefins from the ether
plant to the present system. The second benefit is the
removal of potential poisons for the etherification
catalyst. For example, propionitrile, which is a
cumulative poison to acidic resin catalysts wused in
25 etherification, and dimethylsulfide will either pass
through the alkylation zone and exit with the alkanes or
react on the alkylation catalyst and be removed during the
regeneration. Unreacted olefins from the ether plant may
be recycled to the mixed olefin fee via line 162.
30 Such conventional items as valves, reboilers, slip
streams, etc, are not shown, but would be obvious
expedients to those setting up such equipment.

EXAMPLES

EXAMPLE 1

35 CONTROL A
4 1lbs. of the commercial ferrierite 1/16" extrudate
catalyst (P1) was packed in 2.5" diameter tube. The

catalyst bed length was 4'. Skeletal isomerization of n-
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1096&' ()5,3 Iﬂ@&ﬁ.OTPGGtQQEKEi{)35 Btlewé&oepylsne (2-methyl-2-butene
and 2-methyl-l1-butene), 0.94 wt % 3-methyl-l1l-butene, 50.27
wt % isopentanes, 6.45 wt % n-pentane, 1.28 wt % +Cg and
others. The isomerization results at 41 hours on stream is
listed in Table 1.

10 CONTROL B
A similar experiment at a different condition was
carried out with a different feed. The mixed Cg feed was
composed of 1.29 wt % C3-C4s, 66.04 wt % n-pentenes, 9.86
wt % isoamylene (2-methyl-2-butene and 2-methyl-l~butene),

15 2.87 wt % 3-methyl-l-butene, 3.51 wt % isopentanes, 14.63
wt % n-pentane, 1.80 wt % +Cg and others. The
isomerization results at 31 hours on stream is listed in
Table 1.

EXAMPLE 2

20 CONTROL

4.1 1lb of the commercial ferrierite 1/16" extrudate

catalyst (Pl) was packed in 2.5" diameter tube. The

catalyst bed length was 4'. Skeletal isomerization of n-

butenes in a mixed C4 hydrocarbons (raffinate 2) was

25 carried out in the traditional fixed bed operation by

passing the hydrocarbon vapor over the catalyst downflow.

The MTBE raffinate feed was composed of 0.03 wt % C3, 4.64

wt % isobutane, 22.85% n-butane, 1.35 wt % isobutylene,

70.95 wt % n-butenes, 0.18 wt % +Cg and others. The

30 isomerization results at about 49 hours on stream is listed
in Table 3.

EXAMPLE 3

M-xylene was alkylated with a Cz TAME raffinate over a

commercial zeolite Beta catalyst (6 g, 10-20 mesh in a 0.5"

35 diameter x 10" long stainless steel tube) at 420°F under

100 psig pressure. The feed was prepared by mixing m-

xylene with a Cz TAME raffinate to have a xylene/olefin

ratio of 4.90. The composition of the TAME raffinate was
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0.07 wt % C35, 2.92 wt% butenes, 0.54 wt % butanes, 33.33
wt % n-pentenes, 4.64 wt % isoamylenes (2-methyl-2-butene
and 2-methyl-l-butene), 0.92 wt % 3-methyl-l-butene, 0.72
wt % cyclopentene, 48.25 wt % isopentane, 7.56 wt% n-
pentane and 1.05 wt % Cg+/unknown. The alkylation was
carried out at 300-350°F and 100 psig pressure with 12 WHSV
feed rate. The conversion of total olefins in the feed was
a range of 97.7 to 100%. A composite product from the
alkylation reaction of xylene with a mixed Cg olefins was
concentrated by distilling off nonaromatics and some of the
excess xylene to prepare the feed for the dealkylation.
The feed composition for the dealkylation was 28.53 wt %
alkylate and 71.47 wt % xylene. Five different commercial
catalysts (6g and 10 to 20 mesh) were loaded in a stainless
steel reactor (0.5" diameter x 10" 1long) for the
dealkylation reaction of the above feed. The results of
the dealkylation are listed in the Table 1.
EXAMPIE 4

Alkylation of toluene with a mixed C4 stream was carried
out by utilizing a catalytic distillation reactor. The
composition of the mixed C4 stream was 0.98% isobutane,
0.42% isobutylene, 45.33% n-butane, 31.98% trans-2-butene,
16.10% cis-2-butene and 5.19% +Cs. The height of the
catalytic distillation column was 25' and the inside
diameter of the column was 1". A commercial zeolite Beta
(0.46 1b and 16" extrudates) was packed in the specially
designed permeable containers and loaded in the mid section
of the distillation column. The catalyst bed length was
10°'. The top and bottom sections (each 7.5') of the
catalyst were packed with ceramic saddles.

The range of the operation condition of the catalytic
distillation was 448-479°F column temperature, 245-270 psig
overhead pressure and 13-24 WHSV feed rate, Toluene to
olefin mole ratio in the feed was ranged from 4.5 to 6.2.
The paraffin components in feed, a very small amount of
unreacted olefins and about 60-80% of unreacted toluene are
removed from the top of the column as the overhead product.
The alkylate products and about 20-40% remaining unreacted
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toluene are removed from the reboiler at the bottom of the
column as the bottom products. The results of the
alkylation are listed in Table 2. A composite product,
whose composition was 0.97 wt % nonaromatics, 36.93%
5 aromatics (benzene, toluene and xylenes), 61.86 wt %
various butyltoluene isomers (mono, di and tri-
butyltoluene), and 0.42 wt % heavies, was dealkylated over
various molecular sieve catalysts. The alkyl group on
butyltoluene is . composed of 1linear and branched butyl
10 groups, but mostly sec-butyl group. The results are listed
in Table 3.
EXAMPLE 5
Dealkylation of tert-butyl toluene is carried out by
using a feed composed of 64.5% tert-~butyl toluene and
15 35.41% toluene. A commercial ferrierite catalyst (4.78 g
and 10 to 20 mesh) was loaded in a stainless steel reactor
(0.5" diameter x 10" long) for the dealkylation reaction of
the above feed. The results are listed in Table 4.
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TABLE 1

n-C; Olefins Skeletal !someriza

tion

Dealkylation of Pentylxylene Alkylates

EXAMPLE Control 1A Control 18 3

Catalyst P1 P1 P1 P4 E2 up P3
Temp, °F 750 670 650 550 600 600 550
Pressure, psig 10 15 25 30 30 30 30
Flow Rate, WHSV 7 7 7 10 6.5 7 7
Conversion, % T1.7%% 30.5%* 52.9 37.9 43.4 53.4 42.8
i-c5=*/n-Pentenes 2.56 0.798 3.04 4.04 1.06 2.93 2.33
i-Cg” *% in Cg~ 68.0 43.1 70.9 75.1 49.2 72.4 68.2
Product

i- ¢,” %inc,” 40.7 31.8 41.8 42.2 17.5 20.8 2.2
Product

Product Distribution

wt %

Cq - C3 1.2 0.1 3.9 2.1 0.9 2.1 1.5
c, 5.3 1.3 11.7 15.0 15.3 22.3 22.9
s 90.9 98.0 78.9 70.1 B3.8 59.3 69.3
+Cyg 2.6 0.6 5.5 12.7 tr 16.3 6.3
C4' % in Cq Product 856.6 79.8 93.5 83.2 79.2 63.4 59.7
Cs" % in Cs Product 37.1 80.8 80.2 98.7 85.7 77.8 75.7
*i-Cg™ =2-M-B-2 + 2-M-B-1

P1 = Ferrierite (G1), EZ = Y-Zeolite, UP = Zeolite Beta(UE), P3 = Zeolite Bets €oQ)

P4 = Ferrierite (G2)
** Conversion of n-C5”

Column temp, °F 448 -

Reboiler temp, °F 600
OVHD press, psig 270
Cotumn p.d., psig 2.5
Feed rate, WHSV 13

Toluene/butene mole ratioc 6.21

Hours on stream 276
Butene Conversion, % 99.5
Monoalkylate in alkylate 98.1

wtX

TABLE 2

Alkylation of Toluene with a Mixed C; Feed
(Catalytic Distillation Mode)

461 459 - 474 455 - 483

595 607

245 255

2.5 2.5

13 13

5.07 4.47

456 612

99.3 99.2

95.3 96.5
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455 -479
609
255
2.5

24.1
6.19
804

95.4
98.4
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TABLE 3
n-C, Olefins Skeletal Isom Dealkylation of Butyltoluene
Example 2 5
Catalyst P1 P1 P2 U1 ut P3 up uc PM
Temp, °F 800 750 750 750 650 700 600 650 670
Pressure, psig 10 10 10 10 10 10 10 10 10
Flow Rate, WHSV 12 4 7 4 4 7 7 20 16
Conversion, % 4L9.7%* 49.7 40.7 64.2 51.5 81.2 73.9 59.1  47.1
i-04= % in C4= 45.4 44.0 441 45.2 47.6 20,3 48.1 44.8 7.83
Product
i-Cs™ % in Cg~ 1.94 2.75  2.70 2.72 3.32 2.96 3.66 326 1.4
Praduct
Product Distribution,wt%
C4q = Cs 0.5 7 10.6 21.7 15.7 8.1 16.4 14.2 2.4
Cs 93.5 83.3 76.1 4.4 39.3 63.2 40.8 40.7 B85.8
Cq 1.2 5.2 6.6 17.6 21.2 17.5 22.7 22.8  11.0
+Cy 4.8 4.5 6.7 19.3 23.8 11.2 20.1 22.1 0.8
c4’ in C, Product 69.9 90.8 85.9 29.8 20.6 73.7 13.5 41.1 B88.8
c5= in Cg Product 81.0 97 97.7 35.7 25.0 73.7 16.3 50.9 51.7

*Isoamylene = 2-M-B-1 + 2-M-B-2
PI = Ferrierite (G1), P2-Ferrierite (N), U1
UP = Zeolite Beta (UE), UC

**n-C,* Conversion

Temp, °F
Pressure, psig
Flow Rate, WHSV

Conversion, %
j-Butene % in C;~
Therm Eq Comp, X

450
40
10

23.5
3.9
61.8

Pentasil Zeolite,

= ZSM-5, P3 = Zeolite Beta (QQ),

TABLE 4

PM=Zeolite Beta(S)

Deatkylation of 4-tert-Butyltoluene Alkylate

500
40
10

26.2
94.8
59.3

550 600
40 40
10 10

28.8 33.4

94.7 84.8

57.4 55.8

650
50
10

59.8
74.4
53.8
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700
50
10

71.6
67.2
52.3



109%G& () - el . 45WIF, 3 109%G& ()-, 3 109%G& ()-,3 109%G& ()-,3 109%G& ()-, 3
109G&.()-i J+4, 3 109G& ()-,3 109%G& ()-,3 109%G& ()-,3 109%G& ()-,3 109G& ()-, 3
10968 ()-,3 109G& ()-#rS4+4,3 109G& ()-,3 109%G& ()-,3 109G& ()-, 3

109G& () -, OOV ) - SWIFH#(- . GLQr S4+4, 3 109G& () -, 3 10%GPCTyUsI®11115

109G& ()-5WIF, 3 1096G& ()-, 3 109%G& ()- QV[ ef Nd+4, 3 109%G& () - SWIF, 3

109G& ()-,3 109%G& ()-,3 109%G& ()-, 3 109%385%)-}c- 45WIF, 3 1096G& ()-, 3

-

The control experiments were carried out for the
skeletal isomerization of linear olefins in the control
example 1 and 2. When the isomerization of linear C4 and
Cs olefins was carried out in vapor phase by employing a

5 commercial ferrierite catalyst in the traditional fixed bed
operation, there were dramatic changes in activity and
selectivity at the beginning of the reaction as others
stated in the published papers and patents, because of the
coke formation on the strong active sites. The skeletal

10 isomerization of linear C4 and Cg olefins became effective
at relatively high temperature, >750°F.

When the conversion of linear olefins to isoolefins was
carried out according to this invention, there were marked
differences in the reaction temperature from the

15 traditional vapor phase fixed bed olefin skeletal
isomerization, allowing wider range of operation
temperature for this invention. This translates into

longer catalyst cycle time. Because of the cleaning effect
by the high beoiling aromatic compounds in feeds during the
20 alkylation or dealkylation, it was possible to keep the
catalyst surface and pores cleaner for a longer time. The
active sites and pores on the catalysts were Kept cleaner

from the coke deposition. Therefore, the catalysts were
able to sustain high activities for longer time.
25 Surprisingly, dealkylation reaction of the alkylates was

effective at the temperatures much 1lower than the
temperature (<750°F) required for the olefin skeletal
isomerization in the fixed bed operation. The fact that
the dealkylation reaction can be <carried out at a
30 temperature lower than olefin skeletal isomerization for a
given catalyst has very important implication for the
production of isoolefins or isocolefin derivatives. Since
the equilibrium concentration of isoolefins decreases with
temperature, the conversion of linear olefins to isoolefins
35 carried out according to this invention resulte in higher
isoolefin yields in TABLES 1 and 3. The advantage of this
invention over the <conventional olefin skeletal
isomerization process can be clearly understood. Not only

SUBSTITUTE SHEET (RULE 26),
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,)10% & §)- in desirable isoolefiq streams for the down stream

00f o1 10766 ()] AR5 Gl L0RAY (' AGASH.L1 1 UL sucn

as MTBE or TAME, higher yield of ethers can be obtained for

a given size unit. Linear olefins in the products can be

converted to isoclefins after removal of isoolefins by

10 selective reaction of isoolefins and by recycling to
alkylation reactor, because the paraffin components in the
product stream are sufficiently low. However, this is not
true for the conventional olefin skeletal isomerization
processes, because the olefin concentration in the

15 raffinate stream from the iscolefin recovery reactor (the
selective reactor) is too dilute. The higher boiling
alkylated products can easily be dealkylated to olefins and
aromatics. The unconverted alkylates can be recovered by
the conventional method such as simple distillation and

20 recycled and the aromatics separated from C; or Cg
hydrocarbons by conventional distillation or stripping
technigue and recycled back to the alkylation reactor.

When tert-alkyl benzene such as tert-butyltoluene is
dealkylated by using ferrierite catalyst (P1) at lower

25 temperatures, the olefin products are substantially pure
isobutylene as shown in TABLE 4. However, when the
dealkylation was carried out at higher temperature, the
tert-olefin products were diluted increasingly with other
olefin isomers.

30 This invention also can be utilized to improve the
octane of FCC gasoline and 1lightly reformed naphtha
gasoline in one step. Instead of carrying out alkylation
and dealkylation separately, alkylation, dealkylation and
olefin isomerization may be simultaneously carried out in a

35 catalytic distillation column in which an acidic catalyst
is loaded. The Cy4-Cg olefins in the gasoline can
effectively be converted to mnixtures of olefin isomers.
The gasoline feed is fed to the mid section of the

SUBSTITUTE SHEET (RULE 26)
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is at least one C4 to Cg olefin.

3. The process according to claim 1 wherein C4 olefin is
present.

4. The process according to claim 1 wherein Cg olefin is
present.

5. The process according to claim 1 wherein said
alkylation is carried out under conditions to obtain 10-
100% conversion of the olefin present.

6. The process according to claim 5 wherein said
alkylation is carried out under conditions to obtain 30-
100% conversion of the olefin present.

7. The process according to claim 1 wherein said
alkylation 1is carried out in the presence of an acidic
catalyst.

8. The process according to claim 7 wherein said acidic
catalyst comprises a molecular sieve.

9. The process according to claim 7 wherein said acidic
catalyst comprises a zeolite.

10. The process according to claim 1 wherein said
dealkylation is carried out in the presence of an acidic
catalyst.

11. The process according to claim 10 wherein said
acidic catalyst comprises a molecular sieve.

12. The process accerding to claim 10 wherein said
acidic catalyst comprises a zeolite.

13. The process according to claim 1 wherein said
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unreacted olefin,

(b) separating the alkylated organic aromatic compound
from the other components of the alkylation product,

(¢) feed said alkylated organic aromatic compound to a
dealkylation zone containing acidic catalyst under
dealkylation conditions to dealkylate a portion of said
alkylated organic aromatic compound to form a dealkylation
product comprising organic aromatic compound, olefin and
alkylated organic aromatic compound.

15. The process according to claim 14 wherein said
alkylation =zone comprises a distillation column reactor
containing a fixed bed acidic catalytic distillation
structure in a distillation reaction =zone wherein
concurrently:

(1) said drganic aromatic compound and said olefin
catalytically react to form said alkylation product and

(ii) said alkylation product is fractionally
distilled to separate the components thereof, and said
alkylated organic aromatic compound is withdrawn from said
distillation column reactor.

16. The process according to c¢laim 14 wherein said
dealkylation zone comprises a distillation column reactor
containing a fixed bed acidic catalytic distillation
structure 1in a distillation reaction zone wherein

concurrently:
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distillation column reactor

yYlated organlc aromatic compound is withdrawn from said

and

said dealkylation zone comprises a distillation column
reactor containing a fixed bed acidic catalytic
distillation structure in a distillation reaction 2zone
wherein concurrently:

(i) said alkylated organic aromatic compound is
catalytically dissociated into said dealkylation product
and

(ii) said olefin is separated from the dealkylation
product and withdrawn from said distillation column
reactor.

18, The process according to claim 14 wherein said
alkylation reaction 2zone comprises a fixed bed straight
pass reactor.

19. The process according to claim 14 wherein said
dealkylation reaction zone comprises a fixed bed straight
pass reactor.

20. The process according to claim 14 wherein saiad
alkylation reaction zone comprises a fixed bed straight
pass reactor and said dealkylation reaction zone comprises
a fixed bed straight pass reactor.
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21. The process according to claim 15 wherein said
dealkylation reaction zone comprises a fixed bed straight
pass reactor.

22. The process according to c¢laim 16 wherein said
alkylation reaction zone comprises a fixed bed straight
pass reactor.

23. The process according to claim 14 wherein said
dealkylation is carried out under conditions to selectively
dealkylate branched olefins.

24, The process according to c¢laim 23 wherein said
branched olefins are separated from said dealkylation
product.

25. The process according to claim 14 wherein said
olefin in said dealkylation product comprises a mixture of
branched olefins and linear olefins.

26. The process according to claim 25 wherein said
mixture of branched olefins and linear olefins is separated
from said dealkylation product.

27. The process according to claim 26 wherein said
mixture of branched olefins and 1linear olefins are
contacted with a C; to Cg alcohol in the presence of an
acidic catalyst under etherification conditions to
selectively react a portion of the branched olefins.

28. The process according to claim 27 wherein said
olefin comprises C, olefin and the branched olefins
comprises tert-butylene.

29. The process according to claim 27 wherein said
olefin comprises Cg olefin and the branched olefins
comprises isoamylene.

30. The process according to claim 14 wherein said
organic aromatic compound comprises hydrocarbons.

31. The process according to claim 14 wherein said
organic aromatic compound comprises benzene.

32. The process according to claim 14 wherein said
organic aromatic compound comprises toluene.

33. The process according to claim 14 wherein said

organic aromatic compound comprises xylenes.
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