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*GLEFI N SKELETAL | SOVERI Z mmmmeBACKGQQJND OF THE | NVENTI ON Fi el d of
The I nvention The presenﬂm‘ | ates to a process for the 5

skel etal isonerization of ol efiijpg. Mre particularly the process involves
aromat i ¢ al wWQ&sa73Nn/ deal kyl ati on to-convert |inear ol ef i RCWEIHHAHCched
olefins (also referred to herein as isool¥fins or tertiary olefins) and to

isggﬁnra?}[ Sa?! ng (r;fs I)Ir g][ni ﬁ@iﬁgda%&%ggﬁaﬁ&&ﬁ%%w%&?ﬁ% ?Egl and chem cal
I ndustries. For exanple, is | sobut yl ene and

npent enes t o giAANBEERES HRfe8en practlced to produce 15 i sool ef ins.
Si nce n-pentenes_have | ower octa ne. nunbei han I sopent enes, Eentene

i someri zation i 9 GsefiFS ﬁBY%r? ¥qhk| THHdTt i8n. 2 TW§°C§5ﬁer%°fat B
n- but ene$ andckelgsal erisomenizabisinefof nelefiag -t o ¥ansd rRartdepdendyetheuch as
met hyl _terlt i qmbd%ﬂéll ﬁ?\hﬂvéM Eﬂoﬂdlsldl& er&myyh?m)wéalkﬁaa%bﬁr (:J(AI\R/EE) IS
i ncreasingly if ant, fo 0 atio 0 gas ine :
The ethers ar® Use % gmgc%aﬁ’gglﬁn%’ gg/%r{s’r?%headsoe]i n{e né:'nglt % &6 ggred
undesirabl e &ifi sesrin as 1S°°1e€m¥‘$en€t1¥ y ttelféllérh’s abesingl eandchhel ogy to
separat e 250I§a‘pialir3tér6mpﬁ{safffﬁom5paﬁdfﬂn{§/ert |'i near ol efins to branched

ol ef i ns q{eq § R{, h purity isoolefins (primarily tertiary ol efins)

wer e pr?‘?rarl Y pro uc by separating tertiary olefins fromthe m xture of
ol efi ns usi ng t A&e" cﬁi‘ledeééﬂ-d isgmerésatiqn of salefiing &gi an Jopexterntti on,
however sul f fdaetaehd Eér geumy alfuanocmes:h@mwmt gRdesttles . For

envi ronnent al i rahl r paLt i 0s fficient.
0s par o gn3R  Rchiehdat forl F BURGERTe PEE SRy RedONnd iy C1 P
from nmi xed stHeé’éﬁE‘eﬁy " he‘r‘SIOPP‘E&FP%‘ﬁ BN B%e’de@?r?ﬁ%??ﬁorﬁ%f PrREUe®her to
recoverihe terddoaey¥inkefi neintes ubspertidnelsl yhpry e16wem oSubsequambkys ot her

oo a7 oasPRapRERERE, el nTneaifl 3 2HREE upEuR SRl fedeth Srob ™!
98/ 56738PCT/ WSSQF1 fyed Prodestinn. I%We\}éPmthz%ﬁb%‘é off Jtdadeseenandi near
ol efins are gitpehéeheslty iswwhlegihedused HridAuber 68yddndtes @usRpas at e

| sool efins ”%O'E:ng@r aIJﬂt’l%r?“CL\{éﬁea%t@refg Ee)ThSn&e%%‘éﬁr %mﬁ l‘nla@ﬁ?{

olefins as is ins | ar e usualtﬁl
di | ute &0 quartthey f(SAMBA; &f ipereasingdy tl@EﬁﬁB?‘E)ﬁyf%a‘?}}ea gmudation
econom cal | y aionvefdriuilanetio gasodlifé i(RFG). The ethers are used as

octane improvers in gasoline and to reduce undesirable

in too

emissions.
Currently there is no simple technology to separate
25 olefins 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, 1i.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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Conventional fixed bed straight pass isonerizations of olefins are

)

equilibriumlimted, thus [imting practically 10 achievable yield of. %
i sool efins. The isonerizations are carried out using acidic catalysts such
as nol ecul 2¥08%/¥98s and the |ike. Skel etal isoneri zatPiCEASHERi5een

carried out with acidic catalysts such as fluorinated alumna, S APO 15
(silicoal um nophosphates), ALPO (al um noghosphates), ferrierite,

alum nosilicates, zeolites, clays, etc. It has been known that ferrterite
and ZSM 35 ar@XRBpe sdid@ete Adolthasec ATOCPSEEST ShPnliNeRRe O3RELRS ol

i sonerizati orareo swoltintliendy Thefifestegr eindr rgte nodénofresaityiisg tat the

20 isoneri zatdgQR rhgel hf‘so‘b@%‘%&thaisfonf' pataPethOPamAt | P{‘nedxn whkehng, tubul ar
reactor is packed with et eneous aCE dic catal é‘ﬁ{s and the_yapors of the

olefinic hydr@@ar‘iﬁﬁ‘?"@&fd ’r&eafre d 3 b8 et al s VAPt at the
t enper atar es silmicehthee afd ectialedyf presdrd shelkeballil e isommnitiayi How

Usual 'y the dgybhe fond | §Qm°1{d Zﬁébﬂﬁbﬂgy‘” £hAMBaK12 MG LA3LRECATAN the
skel etal isonerization a [0 e tenperatures required for the ‘double
bond i someri FVERT a?%e'rr[}am HSB\Rg?ff?r%h the skeletal isonerization

t enper at ures. 30%heeskidretlal fiseaderkad st rafighitk plasgr dgpmesizat kards agomati ¢
conmpounds Suqhe%fingusyé g(?@ypl&fmla.utmh@eaaen@mss BNeithely Iﬁrﬁ@t@éall

i somerization \fl/mch ){ t fro |.ef iorrerlzatlon erts et
al (JACY Vol 3§11eEab el§%§ Ia’r§1°e° H@SSt rutr &F°f‘“§5’r@??’z°dﬁ o?‘lreoet ween
35 sec- butyl wanrdleéobmm @i@apsam@hwtcamaéaﬁtﬁg stkeh bwsy| mgitecwldr om t he
benzene ring.sithesi Sh&rANVAKSl. 0N anong sec- butyl benzene, isobutyl benzene
and tert-butylb zgng%#s denonstrat ed b acrd cat al yzed reaction, ..The
composi € on SHROETOLIEATE 1182 ORT (T "N 190y FaRP iRkt L
cont ai ns onl yatahylsit ainpawchf aert ﬂ)myrrbm'eﬁé @ bbabina dueSad ti gh
instabijdty qfsltlhfc&ﬂﬁmbﬂayhbeﬁgeaes?ar bampem I(@ﬁumlhwmmraee?éy on of
butyl groups fproggg hr.ou rﬁgutil'icae orr;at JUR a][acoupl {rhas
i nt er medi at es, “bonded Fex n errreéa“oatle ?lrs ¥or 7ed- X h
i nteraction @reeal R‘ypﬁf‘oﬁﬂﬁcf%m afc FSHT3&cirdec SBppe sALackiial yst
and then convebligtet catalpsty| £bti ggbdtdie Corpleral ntieonei AitdonThe
catalyst used JoButPfefonyephl ofale RbAGRSY L0Roal0ot ehellnd sierizat] on of
eact

ol ef i ns gener.al ers re ativel st d | on caused by
deposi t#%n oflsﬁéﬁﬂz%%r%nh%eﬁﬁg NaPeFi ahgshswd ofed h@%‘éﬁ%ﬂ%t dyr f ace
and pores. Tharhiehoaetubidlane reactbrnays gaakied with dhetoaicjenebudeacidiat i on

regardl ess of, %g&géﬁét%d B@&é‘%%)&fs de dll % ]Le%%.tn '«:“h&h?he&%é}l Yfdea

deacti vati on an er conpeting reactions, I somerization
becones i npr &S AT hé’atséﬁﬁer Shrpegh betll'tﬁ/v Béatysboredi e tiHhe
olefinic hydrt@m:rehmrt\fxaesd sthoickts ustRl | of Dt Even af sl thanoskeledaldi enes

and al kyges i @oﬁ@?iéé@fbﬁo Obsﬁéi‘ﬁ{ the ﬁé&ﬁié/SLoKQd‘iéSﬁréi’?zta{ﬂ%nbec&O”ES

even faster. ere ore, frequent yst _regeneration Is necessary._ To
over cone sl O\Bérefrlgﬁne?rﬁ‘é‘f}i' o?Peré'd’ct'ih&H FBFeEke}%‘?]r esoresh zabhpRraitdr e has
to be rai sedhehkes the Ieembetxmmrea f zetreirexht aforst ttheactibuble orbaridd of t en

| nreases the LLAGKI DOCLSACT QNS ngBnPT QAL NG LLGRt el Ol dian

i nt ended. The sCt¥ore he cat al yst regeneration or tEe rep acenent o
deacti vat ed G&P&P?é%awcﬂh temPPEIRUERT al yst becomes necessary. In fact,
often the cat al yae regenstat i anteyak:eohen@fh axkyane gcrfoupbe 68j Od1kyl

determ ni ng fg.%;ng{._?ﬁv\? I}K@_{ b ?qe%ra P ggn‘ggr: d‘l‘%/ sucgessful

or not. Aromatic a y pract roduce
various al kylaRe&hepr d‘él‘t]& s°§nd1%°d‘r?rb‘éa§éﬁpe\f'€t¥% thsvaﬁlrfc?rﬁ‘?ea‘ér
catal ysts. Zeqlifif dabakyststisre Kn®uwH.t Roberesoeg the (Fasis fwn tehu S

pur pose, see f,ar I 301 310
(Mobi | e); 'fé@ 8§é%%n§(}:{§F E" (Pahzle gl% § i%noc ﬁﬁggg‘gﬁﬁéuf Tevr on)
4, 849, 559 (CR&E)‘buEmH 5“Q4GSQEBWER&E?“PEDe‘&+RM‘H~'t|%¥P4)’s“\ﬂel‘}hedd@£ﬁ?§nt ed. T
Takahashi et gdloup from the benzene ring. The interconversion among
sec-butylbenzene, isobutylbenzene and tert-butylbenzene is

demonstrated by acid catalyzed reaction. The composition



& . MD98/56738PCT/ US98/ 11115 4 (Kinetics & Catalysis (1V) 291) carried out
vapor +.phase deal kyl ation of tert butyl aromatic conpounds such as

tertbutyl benzene, p-tertiary butyltoluene and p-tert butyl ethyl benzene
over a siliWA9%5iH na cat al yst. Tert- 5 butyltol uene wasP@EE¥ N ed over
a Y-zeolite catalyst. The deal kyl ation reactivities of three butyl benzene

i sonmers over silica-alumna catal ysts ver e i nvestigated by P. Andreu et al
(J of Catalysis, Vol. 21, 225, 1971). The reactivity decreases in order of

tert-, sec- g fhe Jélﬂﬁtmm%ﬁﬁeﬂfxtﬂ@ aﬁ@a&mgagw Qfsxkﬁf -Hdurltbegzene at
180 to 360C produced onl %;BI sobut e as gg Two different
%:é’él c

nmechani sns areeTHesYdReRs?ng nP RNy gf"ieoﬁ"ofu lﬁﬁﬁﬁ’ﬂe’rﬁ’eﬁé tBke for
t he tenperat uu:eas:-lbmwnbéhamdoaﬁrandmhe igtrher fThe t Heotenpeataiarr e®thi gher

15than 400C. Whq 4l &fd EQBEEédetﬁﬁ?dg}ﬁUu%t 'tfg %rﬁ\ﬂrﬂﬁ{ %#rae%oﬁ?x?ﬁ gw 400C

contain little 1"sobuty D. Farcasi y % m% 13, 1979)
i nvesti gat ed ‘?fhelaEFHm%%’tafiefzeda d@aPRPASE| SPTBReX| Hﬂ%gﬁfgﬁétﬁo%&ﬁds such
as tol uene, etdpnddenaenthe | boprraptiibanognalkyllatemdtic Zbnpdundsendene. The

deal kyl ation g ghbkyhar Qmil Coﬁorspoeyéﬁ)}s% SUAgethed [ RfGieat EQuUgh the
sequential formation of two internmediates. The first intermediate (charge

del ocal i zed pHEMML-CALABRT Tsccfl‘m'lﬁ’é‘dlﬂ PP tifi on of the benzene ring of
al kyl aromati ¢ cdipoucdsal¥st s useder indi the G&Hhvwatdppatespracdsenzdo, and

the al ky}, carbomy &g i onléaﬂsr%se@dnl nper ”%‘i'e%&ﬁ}; &'Qhéréﬁ%})“fir.df'}fe%m?d' ate
decorrposes to aolefin roduc V\% Jg %‘g CII}E t he skel e[% orrerl zat| on.
The first intefydivat Fd‘éﬁ 7 %Frtt & é"aﬁ%S?n%?j‘l‘%ﬁ 6‘?}? 4 SB9"R M
Roberts for tdfe hBGVYntqmmmaeegu@n refterdgays glomkes ofn s@bebuiqtlabmsmne and

i sobutyl benzeél?rfa'g%e%%fiobSreé he 'I‘Hé&-'é%o?é R:}Mré?ql%e%&%a?@dfgt E@ﬁ‘*‘c@.ﬁhu
ref erenced above, t he react,j.on I nvolved in

conversi on of€ ?‘iar}éfn&y&eéﬁ ﬁ‘éa'f'bm? s’be%rgfleﬁﬁs#ac?h% %%?‘Fsecﬁ%‘i?é‘se
al kyl at LBn- deth sy |faistonn3bizhtdtadysyi deaokichtiiont And ohventdampetingU, S

i’az dNOI k4| é%ai%ao?ﬂsscIt@x%e%@l%%ﬁcgls&saeeleaiaky&atb@%bﬁwﬁﬁp%&ftlcaﬁ |

i al kyl benzene from m xtures [ nzene oyi mol_ecul ar
si eve catal ys?r}s the ngéﬁgﬁcﬁ‘?{g@g?%égg Th?%xcﬁﬁ‘o esé’%‘%%ﬂ%&m to
prepare m ardrocarbonl feed shoakel psmldsolcqnbatlm@ isgnad Lk ypimguad wift h

i sobutyl ene ididhed Nand UaBkPled €1k - Bubiytisn esel J1eeiRss ‘WhieCltatagysepar at ed
by distill atlé) The separated isoners af{s,es deal kyl ated _t o 5pr duce and
e gt

p-cresoff. BHVALAAR i REIRESocaY B BP5ELssi nd Pep5§REe 51- R AR ust
1987 descr| besata ysdc essydn@rathenr dcoveegessanyur e ﬂ‘goblwta}'lceme falowe€s

m xtures by sgldifdriv@tabkyrabéOfbmfrada)olknel Batt bWt ddilaARGe has
deal kyl ati on tO Lecol\:/aers tcpe 1Q]! SObUt le %ad to even faster catalyst
deactivation and often increases the cracking reactions,
25 producing lighter products than intended. Therefore, the
catalyst regeneration or the replacement of deactivated
catalyst with a fresh cétalyst becomes necessary. In fact,
often the catalyst regeneration cycle length is one 6f the
major determining factors whether a process becomes
30 commercially successful or not. Aromatic alkylation with
olefins is widely practiced to produce various alkylated
products and can be achieved with various acidic catalysts.
~ Zeolite catalysts are known to be among the best for this
. purpose, see for example, U.S. Pat. Nos. 4,169,111
35 (Unocal); 4,301,310 (Mobile); 4,798,816 (Unocal):; and
4,876,408 (Unocal); 4,891,458 (Chevron); 4,849,569 (CR&L):;

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



Many of the types of processes described above are disclosed to be suitable

for catalytic distillation reactions. In catalytic distillation or reastive:

distillation the conponents of the reaction systemare 15 concurrently
separabl e WO MBI | ati on, using the catal yst structuresPgEUSHRA1LIS5
distillation structures. Such systens are described variously in U S
Patents 4,215,011 (CR&L); 4,232,177 (CR&H¥); 4,242,530 (CR&L); 4,250,052
(CR&L); 4,302,356 (CR&L); and 4,307,254 %CR&L) 20The present invention
provi des a néFRBBLHFS sEpSPERIKGLDI dAVhs 2PRomBaATaArHi MUt AfRRSR BHaRFe of t he
present procéeslkglathiain folifetdet| kytlt iamomat it heompduridat edchr asraterctproduct

provides a dsa't{,ﬁgeﬂaaﬂeurepotef%f; 2y hRRPRESIMNED B %aébtg S&pgnat ed

fromthe aromatic_conpounds. This adyant age ,arises fromt substantlal
di fference i RtBY¥LPPRGSHGI nCVEEL \Aéensfhéc?ﬂaé'f TidagnFataLyStomat it No
art i s lenownbuhyrttoldise oses deelBikbéeddil oveoner | Yateanited odedliyst.by the

al kyl ati on agdedsalioniadion eLadkaPRics GOTPALBES AR ER. Thtmd:act i on

of olefins 30 wth, aromatic,co in the presence paraffins,
separati on oPVEhe Stidfasadymine er?%ﬁalyﬁé'rél KYPEE i ohvGstifatat kyPat &
mat eri al andAnéceweey all Welef atdtaliysdser ivodd alef i22$,i 99709 . di SHeosed i n

Lhe art. SUVEEY, OF JFE QUENILON 5 25R08d Vor { NewlilvonLigD | syin ol f i

skel etal isonerizati I ocess | efins e reactl on of at

| east dife C4 PBY%,'&‘B"cﬁ“é’-ru nThﬁa@/??Pd‘Yalaﬁngt °§k%% d?“tmléﬁr‘?ﬁﬁ‘h%,l%th
aromati ¢ conpoud6s” Cidedugklybaly orsobutly 188¢ 565 38RETNUSS8A1EE15 6

conditions to ppgduce i@taaldit atftod Pfdid C PFOdUstopdeakkyledti oppf the
al kyl ated arqmati c Eproduct undeg&g}ﬂf‘&? | ation conditions to produce a

deal kyl at ed FPAUTEYE TS ATsiISFG™ Sic BEmpEanGEe ahiRT BT UFE S5
correspondi ngovert biearm| 4441 and tthe atkytatmortlwnctehmern'guae%écicm&rskel et al

gn Zt [I QI:[[!;‘IE] i onltgbﬁf ?z{(ﬂﬂtc t hanpgai do]féfﬁI %&sh@é@é CBiSt uelamkypﬂtlﬁela@t efins

ed to the alkylation ar |sone ur.in yl ati eal kyl ati on.

The term " sk&FPEPEF2HE setsrﬁb acirean% 9‘relllg:ttq\?e g?é‘?)g?tl o of the
branched to Faneasiu SﬁTT'E@JSJ-OfCI'EE“g»I'VéWIOMdf,I No A3 éR3aApl énvestGuatedd to the

al kyl ation reggt laemdrraxtspgé@a nd&ﬂi)%!ll%%tl%ﬂeb% ANsyRYERIERL, cddBburidlsS
skel etal distribution is 0% b ol ef i ns and { 0% | i near_ ol .efi NS and

after the deSPkYyI &Fi Sﬁ!htl efe T s N2EPE: hdEPPERRY Wi 48 K% di%itce
but ene-2P andbbbyBprnzenet. hu§‘hteh<§lesll¥8h(b@*éi°1m%ﬁ rd Pinliaganat i¢ heortenidy at ed

olefins i s 5Q% buggedesh ansl &A%y | 18Fugh thzh@,eahlsﬁtﬁﬂ OFoFRAGhORF S

preferably carrie ut upder condi ti ns rfo hi ave sub ta{ltl aésﬂél 1130%
conversi on of"Phe*B5eEFEAIRS S5 esent ¢d She &rf“ﬁ * N9 present

as part of adeiptphiadd M&Waééﬁnhlmn@mw B&ohanal &t iafs thehe

al kyl ation sgeMgend qlaigsafsamayﬁa&ﬁmcablsﬁp@@ndg omzthhg ige&indgntel the
stream

oL eame Ut ML AL RSP oLIE AL 3LE e sgpoads
rearr angenensegéng| kmerg\e@up;*re&iepeﬂwmgswndweumeltylleéw'eﬁ degqnosesr e even
if only linegb olgafd isn ar preesANt with heof ee@ithout the skeletal
ijsomerization. The first intermediate is identical to the
ihtermediate proposed by R.M. Roberts for the
30 interconversion of butyl groups of sec-butylbenzene and
isobutylbenzene. Therefore, the works of R.M. Roberts and
D. 'Farcééiﬁ; referenced above, may explain the reaction
mechanisms involved in the conversion of linear olefins to
iso-olefins via the consecutive alkylation-dealkylation
35 reactions disclosed in this invention.
U.S. Pat. No. 4,499,321 disclosed a selective
dealkylation process of 1,4-dialkylbenzene from mixtures of
dialkyl benzene by employing molecular sieve catalysts.

4



JAcidic catalysts are enployed in both the alkylation and 30 the

deal kyl ati on steps. Ml ecul ar sieves are preferred catalysts for both
reactions and zeolites nore preferred. The aromatic conpounds fromthe
deal kyl at i oWOrR§678% recovered and recycled to the al kyl at PGHUBIY 0 r epeat
the process. Simlarly linear ol'efins may . be recovered and 35 recycled to
either the alkylation reaction or dealkyl atl on reaction. One nethod of
recovering the tert-ol efins which corrprls a part of isoolef ins and to
separate sai t sf tu i§_t fact

m xture dmg]gg g%log(IBeSCT Usgg%‘%ii ‘fﬁjéfp% [ néﬁc\}\nﬁh gr&&mt% Cs cohol
to sel ectivel 34 RFraTRd t“érxttUSFeflsl ﬁ%i%l?B?‘?'n B dsoutydsae godo

her ei nabove. nWhetupy eFctedtobefyinTriesoin i8osereatiiichn aaéesepsralt;e$e:mr at ed
fromthe et he&ﬁsé Q]rlkrt%}‘.c' € ffe! Q‘égékgi’é@t 1 QBnE £ACLIAN fay 5%11'&%&&" %

enpl oyed. - ylatign and de ylation reactions may é€ither one or
both be €arriREPHIRe M7 &PRaPTHECSPASs fi xed beds or in catal ytic.
distillation reac.t onsirasdag Hni tipjdrecacbdhc Prdadssdng, supagas All-cant ai ni ng
materials e. gy ﬁr@es&qb@' %C x%ce%t:.e‘f% e %é&e%go'o! ?ﬁr i elhe

deal kyl ati on o? the al kylate ma arried out _usin m | ar
catal yst to t+RPRHKHERE oFom %4 E&FH?Ee%aPé{I yssetlec&igﬁ zfs“?l?ébPPt €f The
deal kyl ati on ploerdil | witsh aieohutyl ageveard t deplkphkatidky| fidi arecovrdi tthens but
in both, eactig&a_‘ eLg. My 15 be some reverse reaction. Hence, the
reactions carri on by catalytic distillation are advant ageous because the
reaction product™®mr e® %o rEYRES SEpRERKFSonteher 1hRs t 8PAYR @Fe
distillation @asnbeseperabedbEO hoithllwe rfzact gatafigeidcw dbstitlwricnt al ytic

distillation sis&eiyng. 20 bgd (:hﬂa&?%l%asal%ftltﬁ%t%'&W 3 o4& i@fOomati c
is maintained_jn the gatalyst zone and | at ed gjeq?duct renoved and in

the case of tFESUHAEIPRy | tﬁ@mﬁ?wfrﬁ e°Bro t FRRCHEPY SHSEAR @Xfal yst
zone andst he esmnatrientagdsepafalmise rimnoliet)il1a5ion pnes amdochersrtallyst

aromatic al kybahihdegacdd ophd Sdﬁ@«!ﬂfa‘h‘&kﬂ ét'?:u%tﬁ%é' ytishdhi sdyddedisi on
reactor using a f ed t hat. cont.ai niapara | i near ol efins and/ar

branched ol ef ?% FEFHG LA YATIOUELYI ¢ U\;\ﬁer@Pﬁ BtRof t$hir B! t HR&éf i ns,
up to about 19028zorWer S(CR&LOF okel4ns5I0 EREA) Kyl 422D Ts (ARMIQhY t he

paraf fins andy s o560 cggLf heaﬁqe§@7a§94ra ¢m)are separated fromthe
aIkyIated products b |st| nW|th n.the distil ogtl reactqr,. The
c

separ at 4. ni xt ur &' oRpoREY o’fm‘f lgf’kﬁré’tvéaeﬁr ndlgtd TP 290r t i on
of aromatics ¢kefiassedromr aeapaffidsh i xedheddvanbaye i ®fdeth&y|ptesentr eact or

to produce brgpchad olLiimag. tﬁaedeamﬁm@mi e '%h%oﬂiﬁ?iatéhtaﬂ%n@t%f:' n
product has been f%nd t Q .equal .or. higher than tha n_a, conventi Qngl
provmﬂpg gefln

ol efi n i somerPZHY gP58931 /TB@%’/rflffS FFORGHST HAYLC
enmbodi ment t hereleah&ylynt sepavdtent t from athg| azpwabic c coovppendsl. i s Thasri ed

out in gscat aéaJArFtJdé(%QqQQQ EF&&%% s%@@aﬁ@ﬁald%'f‘ﬂék:@hb&“ﬂ HQrFUre. i s
rel atlvely | ow, . t he "0 roduct. I s g%%‘ﬁ sed of branched
[
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alkylated material and recovery of skeletally isomerized
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SUMMARY OF THE INVENTION
35 Broadly, the invention is an olefin skeletal

isomerization process for C; to C;5 olefins by the reaction
of at least one C4 to C35 olefin, having a first skeletal

distribution, with aromatic compounds under alkylation



Undeal kyl ated material is preferably separated fromthe 15 olefins and .
returned to the deal kyl ati on zone and the aromatics separated fromthe, =«
olefins and returned to the al kyl ati on zone. BRI EF DESCRI PTI ON OF THE
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al kyl ati on, deal kyl ati on and ol efin recovery. Fig. 2 is a schematic
representation of one enbodi nent of a sel ectl ve reaction for tert- oI ef ins
fol l owed by the al kyl ation/deal kylation. ® Fig. 3 is schematic
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process is benzene, xyl ene an uene. M xtures of aromatic conpounds
and i xt ures % 8RBERFs can be used as the feeds for the present process,
as may rel ativelyepulRybat barereafctdiohhés prebetdbl YAIdQArAERObuR Oundéie
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t he range of refera and nmore swablgl about
2:-1 to 4¢): 1. olefins present Since t e oleflns are usually present a

part of an aliphatic stream, containing paraffins and
olefins, the alkylation serves to also separate the alkenes
from. the remainder of the stream. During the alkylation
step, the alkylated aromatic compounds may contain both
25 branched and linear alkyl groups due to the skeletal
rearrangement of alkyl groups depending on the alkylation
temperature even if only linear olefins are present -in the
feed.
Acidic catalysts are employed in both the alkylation and
30 .the dealkylation steps. Molecular sieves are preferred
catalysts for ‘both reactions and zeolites more preferred.
The aromatic compounds from the dealkylation may be
recovered and recycled to the alkylation unit to repeat the
process. Similarly linear olefins may be recovered and
35 recycled to either the alkylation reaction or dealkylation
reaction. One method of recovering the tert-olefins which
comprise a part of isoolefins and to separate said tert-
olefins from the olefin mixture is to contact the mixture



,The alkylation reaction is carried out in the presence 25of acidic

“cat al ysts. The preferred catalysts are zeolite Beta, Y-zeolite, ferrierite,
nordenite, ZSM5, ZSM 11, supported phosphoric acid (SPA), acidic resin,
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point along t er nor e, erature the col um
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carried out in a catalytic distillation reactor using a

feed that contains paraffins, 1linear olefins and/or
branched olefins using zeolite catalyst wherein a- portion

of the olefins, up to about 100% conversion of olefins to

30 - alkyl aromatics whereby the paraffins and a portion of the
- excess aromatics are separated from the alkylated products

by distillation within the distillation reactor. The
separated mixture composed of the alkylated aromatic
products and a portion of aromatics is passed through a

35' fixed: bed catalytic dealkylation reactor to . produce
branched olefins. The branched olefin content in the
olefin product has been found to equal or higher than that

in a conventional olefin isomerization.
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preferably C4 to Cg olefins, including normal and iso

forms thereof. For example, suitable olefins are butenes,
isobutene, 1l-pentene, 1l-hexene, 2-hexene, 2,3-dimethyl-
l-pentene, 1l1l-octene, 1-nonene and 1l-decene, dodecene and
the like. As described above a special case uses a feed,
high in 1linear olefins which are isomerized during the
process to the corresponding iso forms.



;25 reactive than linear olefins} isoolefins in the mxtures can be reacted
“selectively with alcohols, water, carboxylic acids and aromatics, and then
unreacted linear olefins are separated from hi gher boiling reaction
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Anot her_.technique carrying out this fixed bed alkylation is that olefin
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30 al kykati on rdactore aalknkatlidf etlent mpbearhbhe @f tdrganien@riogatéed fl ows
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effluent stream be recycled to inprove the selectivity angd dilute the
heat of r eact?"cﬁ?’%@&ﬁu?@eﬁt h§° agﬁy?aﬁr}@n 'Poeraectg%ﬁ“f%ﬁ%e%‘%{hter%g L"ﬁ‘he
preferred rant@®lof the tenperature for the alkylationis from50 to 500C,
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feed to the r§ﬁ¥§d¥bed phosphoric acid (SPA), acidic resin, etc.

DEALKYIATTION _

The dealkylation of alkylated products may be carried
30 out in the presence of acidic catalysts. The preferred
catalysts are molecular sieves, purified acidic natural
clays and amorphous alumino-silicates. The preferred
molecular sieve catalysts are one, two, or three
" dimensional medium to large pore size (from 3.50 to 7.6A°,
35 preferentially from 3.5 to 7.5A°) sieves such as
ferrierite, SAPO-11, SAPO-35, ZSM-5, 2SM-22, 2ZSM-23, 2SM-

57, zeolite beta, pentasil zeolite and zeolite Y.
The dealkylation may be carried out in vapor phase or in



DI STI LLATI ON COLUMN REACTOR 5When the al kylation is carried out by
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olefin feed to tine neagjeorof stenmiratalky fordehabaealkheathdnml yst £bod.
The aromatic acigifeq, y i Nt 6hN +Lh lbatillati um
react or, home{vagjrefit%r?%?é;fca'bl Vo te%{agi‘ngQggdrggbbg}oO%s?hg.f.i %Z'd 9%58%' to the
ref |ux28s nekHRF, RFEFEFeons WA dPTporitt . derdadsry mesrEirR- a | arge
excess of thermy opahge bd tpressueki Nis nfrbe rsebambientl tte 3TNQgEsdd, 2 to
100 nol es of V6P .af Lol efi is the net nolar feed ratio
i S e O R

of aromatic conmpoun ] se to 1:1, although the
catal ytic disti|The PAKY3REWMAYIS GRBPIAERY A & PYTFePhti%FuFesuBstant i al
nol ar excess wrianematbratiemoupdradf bhid i conpounide. r epepermaingona. tide

al kylatgg Pr ofbifiorishelen DGR BOLL ! O Ma2bnd0fc | SomRRARAL eghbn the
| ower portion o f the colum usually as _ottoms.,T‘Be organi c_aromatic
conpound can $fa9téoBeLEnGaR bR tanshbi INSTGEIPIt RPP M PfestthSoPErhRYR
conponent . pr@Eiuetsar gee Nohuate exeesselsstdntaralngt | pueeONpPirtd®leElfHsf € a

very high refsd&&aﬂa@&k?l{z”iph% QAR Aids! Wy u{ﬂi:%tul?ei pB?dBE%%Yﬁty:
Hence, the correct ratio of aromatic conpound to olefin nust be determ ned
for each conb}§PRST&n of reactants as well the acceptable olefin content in

ei ther sbe over mad presahkyhdkyitjprodewattion can be carried out from
ambient pressure to high pressure, e.g., 1 to 40

atmospheres. In the reactor distillation column the

temperature will vary depending on the local composition,

i.e., the composition at any given point along the column.

35 Furthermore, the temperature along the column will be as in

any distillation column, the highest temperature will be in

the bottom and the temperature along the column will be the

boiling point of the compositions at that point in the



., The length of the catalyst bed |n the coI urm + 30 particularly that portion
wher'ei.n the reactants are in contact and the reaction occurs, depends on
the reactants, location of the olefin feed and the acceptabl e unreacted
olefin in tWe%s&7#ans | eavi ng the tower. Sone degree of tREWYSIHIMII | be
required for each set of reactants and 35paraneters of streampurity

fol l ow ng present disclosures. The advantages of present al kylation
carried out in the catalytic distillationtrode are derived fromthe~

continuous wash;off of t-he c o] rec A the.c
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products are 6fm$)@sedtcofcx&u1wmelteﬁizeﬁlafﬁﬁem w&wlxgneapSprfmra@l&npl e,
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an tert

al kyl at ed ar onat i o conmpounds e Tost] y sec utyl groups. The
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smal | armunt ar onat enes are used, the
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tert-anyl, etpurpdsen witxede&bkyglateiam soeh tise TAl¥plriahtinat eof s cuﬁdnfor t he
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becausei1bt coatematsid |¢mh;mumdsn0:cnl térinxnleding . sonenr ¢het iokheri rhanide

distillati Onn@#ﬁﬁg} tuE&E OalzPef' Qmiﬁ’lé:# ede &Ih' gher hohddnguigierial

than the aro . Ins. In such jnstances in a
catal ytic di sEgprlky BﬁlPBacFPonpaﬁf?uﬁﬁr ekb€ed mdisd n M8 51 p REQIGSESt he
bott ons .al kyladammrpmgdumtr,mabtbbugtn ai ffhexisde @pawerayplbe, usea tparteduce
such material, tl?lglpr%ﬁﬁttﬂ:o EBnp SN LEaREnbELE . JIOVENA-a1904" AL | NG

t he reaction W|th | ess, than a stoichionetric anmount olefin n the
react i o#%zoneIr AP déé’BFPIb’éHng WOMPRBAARY | PUEEep°X hes"asé‘PPﬁl?Hﬂél BY%et he
bottons | ow oteettblefynd5ekihan naked proATARLYSTSyY carl\tt;dmﬂyl amtsi eahes are
por ous cryst Ngs S t S i he

Pypi al exampl eaeatEh"as “"”&?6‘%#%%%%8&%?% ll?saﬁéﬁt e ot
silicon and a@%%%ﬂn& e M SR AP Hy2 Y ot?° o’y tt“J‘aFor m a
smal | pyram dbetaudset rdleedrlef ift prodahetdral 1 lc gmmdiadat tlmnéaersﬂaeﬁmsmdrmel ecul ar
sieve cag be appkigdgiQ,poLp PQLP{»Qﬁc_}éfue%CLHf'é&aezeﬁ'Eﬁé 0fk Al © S

zeolitesS” Natur aH]y occurring zeo have i rregu ar pore size and are not
general |y conBFteeE £F ctffivAdwd Fopneheplky eéFP’P%%lc | FPRRMNGSe s ent
i nvention, honeeerdeaakulaklignocefirrtig znenldindsgar enacsegttsdd e 2akyllong as

they are SUbSL@&Hé‘H yc&hgcﬁdehea@aL%&?& Oéeﬁgﬁa@uﬁgntproduces -mixed

olefin product of olefin isomers whose composition is near

30 equilibrium distribution. The optimum temperatures for
dealkylation depends on the alkyl group on the alkylate and
the catalyst employed. For example, when ferrierite
molecular sieve 1is employed as catalyst for the
dealkylation of tert-butyl toluene, it is desired to carry

35 . out the -dealkylation at temperatures 1lower than about
570°F. For a given acid catalyst, tert-alkyl aromatic
compound can be dealkylated at temperatures lower than the

corresponding sec-alkyl aromatic compounds. Tert-alkyl



10 discussion shall be directed to the synthetic zeolites with the
under st andi ng that natural zeolites are considered equival ent thereto as

i ndi cated above, i.e. in so far as the natural zeolites are the functional
equi val ent V@ #8/55188 synthetic zeolites. 15The parti cul at e PaDIUSBBUNLHS Si eves
or other catalysts may be enpl oyed by enclosing themin a porous contai ner
such as cloth, screen wire or polyneric nesh for use in catalytic
distillation. The material used to nake tRe container nust be inert-to the

reactants and condi,tions in 20 the_reaction em The.cl.oth may, be an
mmter al wni GTORBELS CHMEORRTR PRRGhe: Seen tHASEaT | gHer | Phiply agtaic®

pol yester, nydadalyrtisthe |i ke. The screen wire may be al um num steel,

stai nl ess steel raad fdiad i €. rTWE pOJperEs nash HRY FRecA¥i@naikehkeggor the
i ke. The nmesh or threads 25  per mch.&é llg?b%érrat eri
t

al]_used to, rraﬁkg t he
contai ner is200¢R Nt YIS 4 yEEATY FHHEr W AYEW AT WY pass
t hrough %he omeniewsidm tdfe rdineairal o1P8ins cles ofsadiefting. 18iam thee or
powders may Rendsedtdnd Rkl ieh-UBalRyBDOn MehdtieRsdaagei &£edrayn be
enpl oyed in the cont al Ners. 3"3? The cont gi.ner engl__o%/)ed to hold the%gat al yst
particles mayHEvaTSRYEt YNt i JOPECI SAMSTUH Vas TPRET POK ST &fsEREEEY in the
commonl y assicatedipatomet sstdverortyhesEeps ai neffnihhe palkyldtigne &yl i nder,
S|olh_e2I e, ?OFQ{H&%ieQUB_ﬁtl LHbRi@Hert heéxdpeletatrgégasﬁu Cd eytﬁ&%réueﬁgy aw»lamgt a
solid catal yti erial_conprises, a cata conponent .. Each.catal ys
conponeh? is ail%ﬁ’gaﬁgf%?yaréisocailkﬁ’gatﬁ”? hasa‘)sé c?ﬁggic)%_)ﬁﬁbrfgﬁf"e\m% l?’g
conpri sed of can |eeer Aimgitapecssbpehnsphee cagalytapoyeagsion ygne,

98156738PCT/ ya@8h £ 1Ad 5ird &neolonee i fo Dpserspaee thBi Se£ORAN@RbaiBYs ben rigid
or resilient or a,conbi otwiegrnrt hggergj_l. The, ¢ r@j r}latrie%rétof Leat al YL, sonmponent
and spacing E8pSTERt f SPeTRE’ cAfafti BT ST 1R B 3PPudPuFET 7% tot al
vol ume of opemtspate lewern tbeaperahbpye i @ndi shiiphatpressiineuct and skl d be

at | easis 10 \waukp13e o i Rfaerabliyodt dtLadighd® vehpematioréDaha abwsr 65

vol ume % Thus gesi rab#ﬁ/e the sp_,aglily Saomponent or melerial should conprise
about 30 vol B R'EF  t He” Cat@l ytrc distlllation Struct ure, Spreferably about
30 vol une % to Tbelproduchee SwomOidies Gepdbybatperisipmarer paktuseppeh nesh
knitted stai nlesyadings kiawn geearal byeasndentsdner which OfsaBlexpanded

al um num  Quher [egLLi &L, G0 Q‘Dﬁﬁntb% P P S4 LA QR B30 KL L pd
. . ardated. f
polyneric fi P(g’rfgﬁ.ge%f n f%né,xp;e on an% ﬁe {llnte; ,&qher r.ma?er'l al' s )guch as
hi ghly 2pen Existingt $e6bnpbaFirf nfgeh | aF, extgacties afistbllafdony 9am
monol i th strwEiWasid | HidhAriohessherNt as Mgt fracaedonn pl ace ofheappl i ed
around the cafglyg} OPQQ&ﬁ{Un tetphlGnEasenef %@a[x%ecr' aabel ¥8b EQﬁB‘P ent s
; the' s ion. .
such as froma out 1%_4 rnch to 1 ? pgﬁgets, spheres, pi Ils.ana t esrl]l ke,
each such 20 in &hgemigdipeRent AEHLEECT RN VFRAINY i1SOPAREERS BEYdG at ed
with or surrciunged byrtheaspaatsg comierent issolddieki befe aed. [hots not
es ?}SQE 8! p%_fegkgglvg PRGLAY 19REReNSAEri RO T HELY1 EAMES fD1eef@! Al ¥Blres
' can be reacted selectively with alcohols, water, carboxylic
acids and aromatics, and then unreacted linear olefins are
separated from higher boiling reaction products by simple
distillation technique. The recovered linear olefins are
30 recycled back to the alkylation reactor.
When alcohol such as methanol or ethanol is employed for
the selective reaction agent for isoolefins, ether such as
methyl tert-butyl ether or ethyl tert-butyl ether is the
reaction product. These ethers are valuable products, for
35 these ethers have been used for the blending components as
oxygenates and octane component for the reformulated
gasoline. If isoolefins are desired products, these ethers

are dealkylated to isoolefins and alcohols, and isoolefins



,hecessary that the spacing corrponent intimately associated 25 with the
cat al yst conmponent will act to space the various catal yst components away
from one anot her as described above. Thus, the spaci ng conponent provides
in effect aweassa738 of substantially open space in which tIHE/EAs/ 1At
conponents are randomy but substantially evenly 30distri buted. One
catalytic distillation structure for use herein conprises placing the

nol ecul ar sieve particles into a plurali t]y3 of pockets in a cloth bett,

which is supportedsgn tgg gl Stfl | I at I? reacltmoaebydgg sh kni t t ed
35 stainl ess 3f8el SWPPEHY tggetsh PN S RetHH e For m
This all ows tHeerefanes ttdifs| Gmeaheloprnv‘ém%esl O MG el ul GHET ETHEY | ot h

may be any mﬁ@ﬁl@iem Corigorienest ihn thBemigestéd®nNto GRI4IOMRAN dd AR S
useful , but Vf ZlE:SL?ﬁbPCT/ Us98/ 11115 19 f| b I ass !lot h i sléar ef erred.
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Fig. 4 illustfa GaP PR G Re Spradl rf i nveﬁf"l 8n T e
product i &n of de$ipralPe itoy resyiset &he l?}eéllkyﬁatil ﬁgomﬁk@n@WQﬂ?ﬁ%M ene

froma CA4 stregen Rf¥iang Nguer ersiomemtlebum@nm engd | aehafenﬁeaamas@

al kanes. Ref e%ﬁi?eg%to t he dra n{q di s%i clqntén%n coinurmereact r q:

divided into st orf&C* he FERACTEE | SR™PRENET al ys’:[ paclkl ng
(catal ytic diBerpesg. on Thexrefalics) this| sinyestipBndRratidesscei heefwlsing a

Y- 10 zeoli teté&ix{dl&fgyt ef&epeﬁét@éoaactb@n peekedTBmofof | DEMEQIf25H helet s and

formed iinto a hel ft %al nl £ss steel nesh as descri bed. The | ower
ole in s ream

portion 18t nBMEST int s conventional distillation colum confi guration.
Make- up benzene When s Wé‘h?en??‘pp%mﬁj Augh | @€ 1kenzeRe o] e§9%ENnt ai ni ng

feedI 8 is m ﬁﬁﬁldﬁé&fqu:menarandmbedfw fidre thel gele¥tavd tétﬁitm ow t he
catal yst packjn 12 for, be r in C e

initiated by eon %sct'f}\%hthéé?elv\o%éé %éarxi% glf&? é’lﬂ?{mat‘é %(O% Q{?@s N

al kyl at ed pr odeRe&loy BrYsGtGher BN |1r§g’°t1ﬁ§h“5eﬁ§%n€e§hﬁe h%r‘@l-‘ and

are recqweer edtiése lferts-aa kipdt hedRapi®dewipoulide heeddehlGilsteds ﬁdjmt ed
Phe ol amchfeténdh TBE 2hoTAEE S Ba0l1 PAIZEC LN (NS IRATHAL. dhilsaddil On 1O
hd be oth Poover hea 0

the C4 al kane8 & nzene an
overhead is Zéei)]d%]étfli"@ é@nd’é‘ﬁséﬁarﬂe%PEﬁ FE tper high temeerriates-
substanti al | yral khef ddaaxbeazene wbhpéripansesivi aod4 htighac aheulaltefrinl6 and

hence, by refbfgd%%@&qult %8??%%]"%akag§e?%ﬂ ene used in the reaction and

| ost wit‘h the nes ich exit accunulator 16 via
28) is 3%nmade u %ythﬁes%i)ﬂyénzwl?seeﬂflélkyl ape@abd et GAFPOYRLEI RS
m xture of isebupcses abkylidtredrbesiagne gy | aBd y 1andaseeqedany litey!

benzene whi Chdggfée% V,Jo%uéﬁ totﬁgacig@i' 1sepoy die% %Ofnwa' g t' cﬁﬁeﬁ@ ytic

distillation co to concurrent late t ate and
fractionate bEﬂ%%*hl%rf@mﬁﬁFéﬁ%eé%Y (ﬁF@rlﬁEaﬂg3]2e5a?1(?qllﬁ‘é°h§aWbX5%% a bottons
product 33. |pgreiicuenkedi geatTée benzene is separated fromthe olefin in

ol 38,20 SRR R SRS MO DL, SO Sl
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 1locations 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



Fig. 1is a flowchart showing in graphic formthe path of the reactants, .
products and by-products through each of several reactions possible in'the-
system including the 5separation and recovery of the isoolef ins fromthe
primary ol a¥0 956738 Fig. 2 is a flow chart show ng the PC®&BISENKISOf
unreacted olefins froma tertiary olefin reaction according to the present
al kyl ati on/deal kyl ation. 10Fig. 3 illustrates an enbodi nent of the present
invention, i.e., the production of high Bdrity isobutene by al kyl at+ng

t ol uene V\nthlsobteefro a CA or streamcont 'ni pr ately
n-butene. | soiEEAe SHAE-Cr ERREREE s THte DRFREBotarn NED IVIEr S BN

i sool efins. R@fa@tlorrnglemgn@@ Phetdﬁamﬁmgeraﬁlmei largt ithe coimpesiteertof 110
with the m ddie seekhi €8 g@t@a@t@g the catal yst packing (catalytic
distillation structur 11 ] ned as described, using beta zeolite
deposi ted i n RFELHEE ot 1y 3

, REAGTORS helts and formed into a helix with
st ai nl es§ st eel Wllvegh tstse 2eabxla¢tmd iThearoved pott ih empiewind| the is a

conventional «Hsh! |t|1ét |dl@t§@hé|ﬂ{br909fah§@61&,tlQHdIYBKEIL@ti&{ U@@ﬁmrs is
conveni ently adde g g line 114. T ﬁé’ol efin gog %’Illnl nﬂ%ﬁf,l ed 10 xed
with the tol e&yEPe2 5 AP Y HY TS 989 %19 é‘éyér‘s 1%% thd fed
to the col unrrrviCs 209fbes ovaxt e datubgacedddarionghe12idiovl Iadtivar tover ng. The
reaction is exothReM Kotaitsh | Beét aded oty w&:acah@g drRat\Bsr eachanis in the
cat al ysi pac Oggl Thera Kk Ieg(taed {Igrgduct uce r b&l I| %tt t%gn t ol uene
and the'®s “f'€ed afd at'e overed Vi 1 Sott o t%%uct .
The feed of G@mr a% ‘tbeaapns%wlsmcwft khe theer, ier @qhbl @rleéxcés@nQ)f

tol uene to Ola&fdmlatllast Beer eR€tSducdd adddhbki 0BwéP ddtx iGh @ Eheatkaees,

ot her Iightsdae SQne toI %5 0 oftfl as ovgl‘h_ggrq %20 The ,over he d 120 is
passed to a conaen se? (°not owna) 'd condense”sd ?anfl éﬁell"? aft o7 the
t ol uene whi ctanids peessteed redebredm £PT0 he reffextive alkelajgomonand n
colum 140 ca¥paratacAl ¥ifuaraifrahkylrabid atrohdeies (bheaebﬂétfss affom

substanti al | 0%{%}99}4?5 §ggdl\1,%@ 98/&6",7%?@9;/ H%?%fé’:ﬂr?slfi 21, whigh-pass via

118 to deal kyT at i-on”uni 'h i's i xed rai g t pass reactor
operated to- d?ﬂ*i’@@rirléﬁﬂl ﬁe%l%a?’r("‘yl%ﬂ@rtaﬁf@dt drgenkhe| xsachion Piztuee ;2s
deal kyl ati on quedtieatl iprogassed anida theneallidA dtesdi @likylatean peeluats)140

where t he un I k%‘%fastfflﬁé’mé ag,f i §%§6P§?ﬁ£€fjc§”9ré egy&{&%v)ﬂ adipg 144 to

t he dealkylator uene an Ins are recovered as overhead via
line 1420t o diodtom afi Bhe s assbhewpriten paodnehat ik Aesiredovered as a
bottons vi a Ivaye rkmévand peeyCodLOtHe ddtmatliky| asi tie ldrert@adnprddéet I n this

enbodi ment thg 91' e?wﬁnﬁ%ﬁ(ﬁ $3ed to an ether plant 160 where the

i sool efins are ere reacted with al cohol, such as nethanol to
f orm MIBE or TAI\/EftI%’EkEh‘EIpiQﬂléﬁﬁlﬁt#@EWWWéa&&déﬂ A% §9dheuts6. The et her
pl ant may be Ry produkese knefins naiidicafsriatits, ake }iéﬁseédl syat ethdas a

doubl e benef il yhgn alés%i/%rﬂeﬁgnj Y at LAY Ldy gga[)gfmr L sPl @@t Eu;é%e&)ecause

there is a conversion Ineaf olefins tolis |C|ency of the
ether unit i 95 ridreaRetton BrRIEE 9 rEeCHFLec S s‘i%rﬁtﬁ ‘%Cﬁb 9f nekg
olefins in thavaketup fMeed ®&sdred conversion per pass is from 10 to

100%, preferentially 30 to 80%.
When the dealkylation is carried out by employing the
30 catalytic distillation column reactor, the column pressure
should be high enough so that, at least, a part of feed
would exist in 1liquid form. The product olefins are
removed from the catalytic reaction zone as the overhead
product. The unconverted alkylates are removed from the
35 bottom of the column and recycled to the top of the
catalyst.
When alkylation 1is <carried out 1in the . catalytic
distillation mode, the exact locaﬁion of the olefin feed in



.20 conversion of the recycled [inear olefins fromthe ether plant to the
present system The second benefit is the renoval of potential poisons for
the etherification catalyst. For exanple, propionitrile, which is a

cunul ati ve -WoP%®M3st 0 acidic resin catalysts used in 25 eraT&r9%/11aLt i on, and
di rethyl sulfide will either pass through the alkylation zone and exit with
the al kanes or react on the al kylation catal yst and be renoved during the
regeneration. Unreacted olefins fromthe ¥ther plant nmay be recycled to the

m xed olefin fee via |i,[i|? 62. 30Such conventional_.ite as_val ves
170t oo aee
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| Somer zat | onBEHe BOLAD RS RIBRYTF UESH (HIRAPY, 3 LIGH bR LKA 9 R Cs
hydr ocar bons ¢FanEants biefare) comsaatamitbdtbetcataliyed beddi t fonatotiiered bed
operation by pRssdilkrtherhy dsPeAiDORed@Peb AWRI Aditeat al y/ shrépwwfdigw. The
TAME raffinate SRele) %ﬁ’gd o{a4.§i16 wt. % C3-C4s, 32.14 5 wt % n-pent enes,
4.36 wt % i soRAYT AR g t AYF2YPuEle and 2-methyl - 1-butene), 0.94 wt %
3- met hyl - 1- but erféhe 5erofatic fpedpaayarks, addad at @ny peeirkelnl @ wt %
frCGTa'Bfi oa he;%isﬁfmaltsgﬁerba%smpn;esaa&f;s aﬁowéiwebpur;sréagafrf%tbwams i|§.! st ed
In la . J.m [ xperinent, at agl erent_condition
was car $1°ed oﬁ%ﬁrﬁ%yﬁi ftflgr_e%[xefdle%gTﬁﬁ M ket T TPEEE WAS HKSORed of
1.29 Wt % C3- &dpendbem4itg beid-ipmonteeies. 9PgZeferabldy sthend eife a large
g 2;32\%% hy!y— 2- bgkeses agd t%rerrgfrb)ﬁlatg}c bed etrey ,o1&anggnwth§§ 3%%@&%Imlmt en$h
. wt 0 | sopent anes, . 0.N- peNnt ane . Wt 0 ot hers. e
Csomeri 2ati onERRd P8 &t o1yl RO Y Amabif r Hal S A B G bl £
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EXAMPLE 29: the column usually as bottoms. The organic aromatic
- compound can be the second highest boiling or third highest
boiling component.
Very large molar excesses of aromatic compounds require
a very high reflux ratio in the column, and a low unit

25 productivity. - Hence, the correct ratio of aromatic
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 length of the catalyst 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
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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 less than a stoichiometric amount of
olefin in the reaction zone, as described, will normally
keep the olefin level in the bottoms low or entirely
35 eliminated.
CATATYSTS
Molecular sieves are porous crystalline alumina-silicate

materials. Zeolites are one of the typical examples which
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-479 RebOiler(EQ@PaﬁE&%gl!%%%rﬁqzation). The term molecular sieve can be
applied to both naturally occurring zeolites and synthetic

5 zeolites. Naturallyldccﬁrring zeolites have irregular pore

size and are not generally considered as equivalent to

synthetic =zeolites. In the present invention, however,

naturally occurring zeolites are acceptable so long as they

are substantially pure. The balance of the present

10 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 zeolites are the functional equivalents to the
synthetic zeolites.

15 - The particulate molecular sieves or other catalysts
may be employed by enclosing them in a porous container
such as cloth, screen wire or polymeric mesh for use in
catalytic distillation. The material used to make the
container must be inert to the reactants and conditions in

20 the reaction system. The cloth may be any material which
meets this requirement such as cotton, fiber glass,

- polyester, nylon and the like. The 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
conmprises a catalyst component. Each catalyst component is
intimately associated with a spacing component which is
conprised of at least 70 volume % open space up to about 95



609 OVHD press, psig 270 245 255 255 Colum p.d.,psig 2.5 2.5 2.5 2.5 Feed
rate, WHSV 13 13 13 24.1 Tol uene/ butene nole ratio 6.21 5.07 4.47 6.19. °
Hours on stream 276 456

_ WO 98/56738 PCT/US98/11115
18 -
volume % open space. This component may be rigid or
resilient or a combination thereof. The combination of

catalyst component and spacing component form the catalytic
distillation structure. The total volume of open space for
5 the catalytic distillation structure should be at least 10
volume % and preferably at least 20 volume % up to about 65
volume %$. Thus desirably the spacing component or material

0,

should comprise about 30 volume % of the catalytic
distillation structure, preferably about 30 volume % to 70
10 volume %. One suitable spacing material is open mesh
knitted stainless wire, known generally as demister wire or
an expanded aluminum. Other resilient components may be
‘similar open mesh knitted polymeric filaments of nylon,
teflon and the like. Other materials such as highly open
15 structures foamed material, e.g., ceramic or metal foam
monolith structures (rigid or resilient) may be formed in
place or applied around the catalyst component. In the case
of larger catalyst components such as from about 1/4 inch
to 1/2 pellets, spheres, pills and the 1like, each such
20 larger component may be individually intimately associated
.with or surrounded by the spacing component as described
.above. It is not essential that the spacing conponent,
entirely cover the catalyst component. = It is only
necessary that the spacing component intimately associated
25 with the catalyst component will act to space the various
catalyst components away from one another as described
. above. Thus, the spacing component provides in effect a
matrix of substantially 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 1linen is useful, but
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fiber glass cloth is preferred.

Fig. 4 illustrates one embodiment of the present
invention, i.e., the production of high purity isobutene by
alkylating benzene with isobutene from a C4; stream

5 containing predoﬁinatély n-butene, isobutene and ¢,
alkanes. Referring to the drawing, distillation column
reactor 10 is divided into three sections. In the middle
section the catalyst packing (catalytic distillation
structures) 12 is positioned as described, using a Y-

10 zeoclite 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 Cy4's is

i 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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are recovered as overheads 36.

Fig. 1 is a flow chart showing in graphic form the path
of the reactants, products and by-products through each of
several reactions possible in the system, including the

5 separation and recovery of the isoolefins from the primary
olefins.

Fig. 2 1is a flow chart showing the treatment of
unreacted olefins from a tertiary olefin reaction according
to the present alkylation/dealkylation.

10 Fig. 3 1illustrates an embodiment of the present
invention, i.e., the production of high purity isobutene by
alkylating toluene with isobutene from a C4 or Cg stream
containing predominately n-butene, isobutene and C, alkanes
or the corresponding Cg primary and isoolefins. Referring

15 to the drawing, distillation column reactor 110 with the
middle section containing the catalyst packing (catalytic
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 1lower 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 . 1isoolefin 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 Cj
alkanes, other lights and some toluene go off as overhead
120. The overhead 120 1is 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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which pass via 118 to dealkylation unit 130, which is a
fixed bed straight pass reactor operated to concurrently

. dealkylate the toluene alkylate. The total dealkylation
product is passed via line 132 to distillation column 140

5 where the undealkylated material is separated and recycled
via line 144 to the dealkylator 130. The toluene and
olefins are recovered as overhead via 1line 142 to
distillation column 150, where the aromatic are recovered

as a bottoms via line 154 and recycled to the alkylation

10 column 110. In this embodiment the olefins are passed to
an ether plant 160 where the isoolefins are preferentially
reacted with alcohol, such as methanol to form MTBE or
TAME. Make up olefin feed may be added via line 156.

The ether plant may be any of those known in the art.

15 The present system has a double benefit when used in
conjunction with an ether plant. First because there is a
conversion of linear olefins to isoolefins the efficiency
of the ether unit is increased, two ways, first by

., conversion 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 .used 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 (P1l) was packed in 2.5" diameter tube. The
catalyst bed length was 4'. Skeletal isomerization of n-
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pentenes in a mixed Cg hydrocarbons (TAME raffinate) was
carried out in the traditional fixed bed operation by
passing the hydrocarbon vapor over the catalyst downflow.
The TAME raffinate was composed of 4.56 wt % C3-C4s, 32.14
5 wt % n-pentenes, 4.36 wt % isoamylene (2-methyl-2-butene
and 2-methyl-l-butene), 0.94 wt % 3-methyl-1l-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 C5 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-1-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 1b of the commercial ferrierite 1/16" extrudate
catalyst (Pl1) was packed in 2.5" diameter tube. The

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

butenes in a mixed €, 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 % +Cs 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 Cg 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 Cg 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 % C3g, 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-
5 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
10 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 % xXylene. Five different commercial
catalysts (6g and 10 to 20 mesh) were loaded in a stainless
15 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.

EXAMPLE 4

Alkylation of toluene with a mixed C4, stream was carried
20 out by utilizing a catalytic distillation reactor. The
- composition of the mixed C, 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% +Cg. The height of the
catalytic distillation column was 25' and the inside
25 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
30 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.
35 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 1is 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-Cg Olefins Skeletal 1somerization Dealkylation of Pentylxylene Alky(ates
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, % 71.7%* 30.5%* 52.9 37.9 43.4 53.4 42.8
i-Cg~*/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- c4= % in C4= 40.7 31.8 41.8 42.2 17.5 20.8 24.2
Product

Product Distribution

Wt X

Cy - Cx 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
Cg 90.9 98.0 78.9 70.1 B3.8 59.3 69.3
+Cg . 2.6 0.6 5.5 12.7 tr 16.3 - 6.3
c4' % in Cq Product 86.6 79.8 93.5 83.2 79.2 63.4 59.7
C5 % in Cg 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 Beta (QQ)
P4 = Ferrierite (G2)

** Conversion of n-c5=

TABLE 2
Alkylation of Toluene with a Mixed C, Feed
(Catalytic Distillation Mode)

Column temp, °F 448 - 461 459 - 474 455 - 483 455 -479
Reboiler temp, °F 600 595 607 609
OVHD press, psig 270 245 255 255
Column p.d., psig 2.5 2.5 2.5 2.5
Feed rate, WHSV 13 13 13 24 .1
Toluene/butene mole ratio 6.21 5.07 4.47 6.19
Hours on stream 276 456 612 804
Butene Conversion, % 99.5 99.3 99.2 95.4
Monoalkylate in alkylate 98.1 95.3 96.5 98.4
wt¥ ’

SUBSTITUTE SHEET (RULE 26)



73.7 16.3 50.9 51.7 *lsoanylene = 2-MB-1 + 2-MB-2 Pl = Ferrierite (Gl),
P2-Ferrierite (N, UL = ZSM5, P3 = Zeolite Beta (DO, UP = Zeolite Beta .
(UE), UC = Pentasil Zeolite, PM:=Zeolite Beta(S) **n-C4- Conversion TABLE 4
Deal kyl at i OMO8§/56238t er t - But yl t ol uene Al'kyl ate Tenp, F 450 ®OU/USHN1H80 650 700
Pressure, psig 40 40 40 40 50 50

26
TABLE 3
n-C, Olefins Skeletal Isom Dealkylation of Butyltoluene
Example 2 5
Catalyst P1 P1i p2 U1 U1 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, % 49 7** 49.7 40.7 64.2 51.5 81.2 73.9 59.1 47.1
i-c,.= % in CA; 45 .4 44.0 44 .1 45.2 47.6 20.3 48,1 44.8 7.83
Product
i-C5™* % in €5 1.94 2.75 2.70 2.72 3.32  2.96 3.664 3.2 1.41
Product
Product Distribution,wt’
Cy T C3 0.5 7 10.6 21.7 15.7 8.1 16.4 14.2 2.4
c, 93.5 83.3 76.1 41.4 39.3  63.2 40.8 40.7 85.8.,
05 1.2 5.2 6.6 17.6 21.2 17.5 22.7 22.8 11.0
+C6 4.8 4.5 6.7 19.3 23.8 11.2 20.1 22.1 0.8
C4= in ¢, Product 69.9 90.8 85.9 29.8 20.6 73.7 13.5 41.1 88.8
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 = 2SM-5, P3 = Zeolite Beta (QQ),
UP = Zeolite Beta (UE), UC = Pentasil Zeolite, PMsZeolite Beta(S)

**n-c,% tonversion

TABLE 4

Dealkylation of 4-tert-Butyltoluene Alkytate

Temp, °F 450 500 550 600 650 700
Pressure, psig 40 40 40 40 50 50
Flow Rate, WHSV 10 10 10 10 10 10
Conversion, % 23.5 26.2 28.8 33.4 59.8 71.6
i-Butene % in C,~ 3.9 94.8 94.7 84.8 74.4 67.2
Therm Eq Comp, ¥ 61.8 59.3 57.4 55.8 53.8 52.3
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.Flow Rate, WHSV 10 10 10 10 10 10 Conversion, % 23.5 26.2 28.8 33.4 59.8
71.6 i--Butene %In C4= 3.9 94.8 94.7 84.8 74.4 67.2 Therm Eq Conp, % 61.8

59. 3 .
_WO 98/56738 PCT/US98/11115
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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 1in 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 boiling 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 lower 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 results 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
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57.4 55.8 53.8 52.3 _WD 98/56738PCT/ US98/ 11115 27 The control
experinments were carried out for the skeletal isonerization of |inear
olefins in the control exanple 1 and 2. Wen the isonerization of linear C4
and C5 ol efwass/sa8 carried out in vapor phase by enpl oyi RGTASS/11H6§mer ci al
ferrierite catalyst in the traditional fixed bed operation, there were
dramatic changes in activity and sel ectieBty at the beginning of the
reaction as others stated in the published papers and patents, becatse of
the coke for Nt ofSRMaHE sEIHARREE] i@ SFhesPrafictsketegans 1on this
i soneri zat i oniferltiBRakré4hagie £5trefis dweaneichi Ecdiemimiskeebdhl vel y
hi gh terrperaturomerlzgg \Qhenl'gge onve;gaggt ofstlrleggar Pl efi ns.to
i sool ef i ns was carried out accor ing o thFs i nvent SN Fher e wer & frar ked
di f ferences |W"teﬁ’élloéaéﬁi’enh%%th%rcé%rlﬁe@tFPZéFrPPﬁeoﬁ_SOlﬁldtﬁ it iresaltiagor
phase figed bidl Qiﬁiﬂ?}si@l ei fdoleFamer szaéaﬁﬁ 3030 owﬁmig \HoRar rsiagggmof
operation te r or i ti.on rapslates dnto lon
cat al yst cyclr?éreotcl%tr% ec ng g’?‘é@gegcllglam ent bgﬁg tﬁegﬁ Boi i ng
aromati c conpuRdSE; ﬁrf%% dl}ﬂhﬁg’ Yh%l‘%cpf éItWFét Fon 1i’fr‘ Qié@llkl?fiaf?én it
was possi bl e & ayieeap dive catial ystLisdat ackefind pior aheclp@@aectsoetan bonger
time. The acligetibs @1d:B8beer AL L BEcLA! dala el keRS, &lganeg, from
e'to sustain

t he coke deposition. Therefore, e catalysts were i gh
activiti®s foreleskdue t??r%CtlzB‘SuPﬁrl EFPRASEINFeaPRY| aBY orF9¥&dingn ¥8 t he
al kyl at es wasalefyfiectibueraactde, tiniqaesat tthespatshf 10Wesmddhentkhent efiger at ure

(<750F) requ' Ieo%ufc@r s&psaﬁ?' séé nsf{a]cqteahw%@“ Zﬁéde%ﬂ nehRg fLx g'tbed

oper ati on. fact that ati on”reaction can Be carried out at
30 tenperat Lﬁ‘%lel of®¥ ttﬁﬁn ‘ané(ﬁ“ﬁlgkéjr ePaPEEB o2& ol OB TAZ gt ioh
cat al yst has pssroedsgof t drgcaugd i claie onofof i hecqricaditehitaBnof inhsoehef 1 ns

or 1 S00kg! | 1 KAV EEreThNEFoh NEneULLAINI M LRNGROYT 2LLOR,LT (L300l of

ins decreases Wi th tenperature, the conversion of 1ine i ns
i sool efi ns 35CIEEFAVEd THACTREL orff n§OPo diHuL e nveﬁﬂeonh%‘ﬂ"ﬁﬂ t 8o hing gher
i sool efin yi eldylebed ABtdBict sardn3eadhky adyadehapgelated M dla\fem;l am:l over

the conventi cmlm ehiekin skel ghabntSABY 4341180 eRr QGRS C0H08 5L
under st ood. onl SUBSTMJTE S EET RULE"26) ., WO 98/ 56/738PCT. U89 /11115

28 the isool en ¢ arteti Pehedp ct3%t PEBRES | ALBRLLIATARINIA%h are
hi gher 2han tdesycdadenandnathe| efriomagliebet abpasamst | Zabmongc,bubr alep t he

product streaRrbbapbbi s uwve«:@meﬂt{@m h'dQQ%&lfQ@P&W ' 1 apsifbip efi ns,
resulting 5 .in desirable isoolefin streans for the down stream processing.

For exanpl e, GSrPPAGUDr PRIASDTL6F REFer® %@haéla‘y?\/ﬂ"%\?rbrre?ﬁﬁﬂr hi gher vyield
of ethers can b®hebt diaredaflbyl a hgneenesismehunag . terhebautylteflivesei N he

products can d@%mgma@éae@yt Oué;ﬁ'ﬁjpl eéfﬁeﬁa‘t!eercé@g@;{@é ?El sq@l efghs- by 10

sel ective reaction of |sooke |n recyclin at|on react or,
because®? he PFRRUESTmo Bt § ﬁlrt‘ hB pRRCRR t 2% ré&ﬁ?ﬁ?’étlﬁ#]fy RER |y | ow.
However, thi sisobuhplene uasf oshbhe c:icmvE‘ABLDnatl ol efibwewdie| etvibn the

i soneri zati oeRnRGESEESn RESAVISriBE Quelidt CROGEIL I RELPL-dthd® 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 1in 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 mixtures of olefin isomers.
The gasoline feed 1is fed to the mid section of the
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.15raffinate streamfromthe |soolef|n recovery reactor (the selective
react'or) is too dilute. The higher. boiling.al kyl ated products can easily be
deal kyl ated to ol efins and aromati cs. The unconverted al kyl ates can be
recover ed byowvsEs7donventi onal nethod such as sinpl e distilITH9HNIEND 20
recycled and the aromatics separated from C4 or C5 hydrocarbons by
conventional distillation or stripping teehni que and recycled back to the
al kyl ation reactor. When tert-al kyl benzene such as tert-butyltel uene

i s deal kyl at eg2bglysihgdisriilatire &avaryst TRP1pxact | boeit Bt arfpeferdr es,
the olefin pr @dﬁﬁ:tﬁoﬁrﬁh stibst edvwdal d:a}h iy evdraehutyl eﬁe 25mBBOIEE dr oTﬁABLE

4. However, whgﬂ &%s%eﬁhéyl ti ?Q GAL r| ec_%touﬁm? Q%mt nper af,ure, he
tert-olefin proﬁu g |ncrea5|n in |soners
30Thi s i nvent P¥arkead and bet*a?ml pPreduels i frmrmvéh@ hélé‘é%hh%tlcﬁh Fe@sgasol i ne
and |ightd y ratarssesbitagehidhapgagaete ningridveBegséspind Nst ead of carrying out
al kyl ati on and deal kyl ati on separately, al kylation, deal kylation and olefin
i sonerization may be sinmultaneously carried out in a 35catalytic
distillation colum in which an acidic catalyst is |oaded. The C4-C8 ol efins
in the gasoline can effectively be converted to m xtures of olefin isoners.
The gasoline feed is fed to the md section of the SUBSTI TUTE SHEET ( RULE
26) W98/ 56738PCT/ US98/ 11115 29 catalytic distillation tower. The exact
position of feed position on the tower can be varied by the conposition of
the gasoline to obtain the best RON i nprovenent. The overhead and bottom
products fromthe distillation tower 5are conbined to produce inproved
gasoline. 30
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The invention clainmed is: 1. A process for the skeletal isonerization of C4 |
to Cl15 olefins by the reaction of at |l east one C4 to Cl15 olefin, having a -
first skeletal distribution, with aromatic conpounds under al kyl ation

condi tions.wo9psaashuce an al kyl ated aromati c product, dealdBcHasss/umisof t he

al kyl ated aromatic product under deal kyl ati on conditions to produce a

deal kyl ated product conprising said arometd c conpounds and ol efins
corresponding to the olefins in the alkylation and having a second skel et al
di stribution @h¢fiErentionafladmer fis'st skeletal distribution. 2. The
process accor gdi ngat @rektassn ﬂoﬁ\ﬁ‘IB{eEIS’kél&td]thef:inériﬁataioﬂ emsic,one @sto Cs

ol efin. r g-to rei C40Ief| S
present. 21J€%50 %s%ges%gec%%g:g & otft SQC?E%Q w% ¢ nt > Lol elferh'n

present . havipg pPoc§§§sécc6i{€liﬁ5a3e 0 ‘?:Jrsd-irrhb].lt\%ﬁér el ‘ﬁl%fal oPréﬂWIlﬁtl onis
carried out usdmpoanadi t baasrt OaDRYBAtick)- cbdAYreonyerss ornprdaddae ahefin

present. ?“fﬁz q,_edor %.%1@‘3% Oghggat 9e %ﬂ%tg'o erj_ﬁl,a) sallq%,gl I%I atl on

is carried ou er con |t|ons oconver3|on € olefin
present . 7ar gk isy redechoeian ﬁ@atlbywawﬁ camditd PRs ske dPrrdaFeati on i s
carried out i aeahqlmt@aemedoét atomer HihgC ahdby aromatic &olﬂﬂ’tﬁlnﬂl’sOGQGS

according to 8#%% éM}%feganéPﬁ asi i &aetﬂ?iém;% C‘BHErégﬁlﬁgLaacl Lagy! ar

si eve. process according to claim ereln s aci di ¢ catal yst
conprises a z’é"{‘)YJrrtC-’e a secoyl sl 9fPdc S4STEARBE Hrhd i bfaemtmthafhepéfn sai d
deal kyl ati on fsreargkeadtabtdistitimtiobasence of an acidic catal yst. 11.

The process accosdigig 1ok Mo WORLLIdh $AInAS! Bher A} A GFRLI Ses

nol ecul ar si eve. process according to c ereln sai d

aci dic catal ys% ?:tbr?ﬁral%egn%l %&H {Gs. ©1efing  The process according to claim
1 wherein said SUBSHelbfbc&HERcqdRding26) cBimalikyhatedn ¢§ Qafinedsout in
the presence of ahacidic catal yst and sal d deal kylation is carried out in

the presence © an acidic cataly .. A process for the skel etal
i sonerization of41iTh€aPrBfets rf’scqoﬁdtlﬁg F%n‘@]ea%”f Icwhegetn ¢g ¢fhigfdn is
conprising: preqent.feeding an organic aromatic conpound and a C4 to C15

olefin into an al kyl@ki og,-so0& C%%%&aaggoa%b aghdijf cat amyééel&lo g&wt ain a

nolar ratio of_organic gronatic conmpoun fini1n the rang to 100:1
in said react?UYBEFHE uATerCAHHREatIn FHIFd GBRL tigreatal VPFE&’PI yOFeact a
portion of sal@borapawiecs aewnet |td1ecoﬂrp@mndpmﬁcbn¢al d olefin to form an

al kyl ation pr OdLH?t Eprb:?éé&sa' lS)é'c@E'agnQr gadi G134 91”&5' th?él:@l?xun
unreacted organi ¢ ar.omat| c compound and unreacted ol efin,

separating t R 4aH8PedSo l(‘?da%t‘frtfle&orFﬁG’GHEIlPPantf’hé’bb'?h’ér30’
conponent s ofladwe c@hlvyraiomrpﬁ)rt@@uoﬂefln pXesenfteed sai d al kyl ated organic

aromatic conpound teng dlte%&yésat l2@RoFQ PRy CAY a'c'l'a?ﬂ agi %ﬁfﬁq&@' §§£dunder

deal kyl ati on condi ti ons deal kyl ate a portion of sald ated organic
aromati c conpbhid¥dOPorf aCUEIE | AT 0P pridtucRT &S s‘?ﬁwga’ér gaikftc
aromati ¢ conpeatrdystl-efin and al kyl ated organic aronatic conpound. 15.The

process accordi Qﬂ % eC Bk d4 X‘@@éf‘dﬂmgs@od cAbi! At {0 W%a‘iﬁ”?&ié?é a
distillation col tirm react oy containin i xed bed acidic catalytic

distillation %t B EOPPE L & F“Pllﬁf’g{)‘ﬁr r€4ttSicon zone wherein

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

10. The process according to c¢laim 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 according to claim 10 wherein said
acidic catalyst comprises a zeolite.

13. The process according to claim 1 wherein said
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. (1) _said organic aromatic conmpound and said olefin catalytically react to
frorm'sai d al kyl ati on product and - : (ii) said alkylation product is
fractionally distilled to separate the conponents thereof, and said

al kyl at ed owg@asb@3&ar omati ¢ conpound is w thdrawn from sai BETUSBAIINAL i on
columm reactor. 16. The process according to claim214 wherein said

deal kyl ati on zone conprises a distillatiamucolum reactor containing a
fixed bed acidic catalytic distillation structure in a distillation-
reacti on zoneakkgkaiprcoh@ucpreniey: oul2 in the pregphcegapl @rkydGidid
organi ¢ ar omatatarggpound i satdt aeyaukgahtyozdi sisockatefed Notsaidl the

deal kyl ati on gr C ‘o sald olefin is separated fromthe
deal kyl ati on % g%eu%(ﬁe }%a\?\n ?ﬁﬁ?%‘\z/\mcﬁ‘ %)ssal d distillation colum reactor.

17. The process Hecordipgeeessclf@rntipe gkeleialt isomegipdtipkydfhitlioreazone

corrplrl ses 3 dbﬁ?fiﬂsatllrplthéokﬁﬁ@e rend, OltoCQQtélé\fiﬂﬂs @oﬁnpwslﬂgd acc\ﬁl c

catal ytic disti i ructure in a Lation r t|on e wherein
concurrently: 4 ' fkaibfy %B A mcggrlff”élaa%%n%% c é’génﬁBana 341§ ol efin
catal ytical | yolegin tJélthbr rﬂnsaladkﬁlk’yiml AP ochgatadngng an  acidi@ i)

sai d al kyl at i eatgwypdiictol snafih@atihonal hyl & sthtied offo c&@éﬂﬁ%t Gaddifatic

conponent s thegeof, c?'%qe)??'.,d%ﬁlléﬂ}g P %no[:gaglt? YRt g (S:gl Orgﬁggﬁt:(?,?'na“ on

vmthdravvnfromsal disti lon colu reactor and
zone conpri se3°%¢ drReeT | 2N tdenumendd hépbs E%nFa'F?ﬂYfgWe?llexéf@aF}éd aaci di ¢
catal ytic di spottiadnd f sédiCtargania ardmatid| a&mmﬂdea&{d Qdh 20N KGN ei N

concurrently: al tic.compound is
catal ytical | ytdl SSOCI At et ]{ll)r%ta%qggl g%%%ﬁ ?Dr@{rg%qlnéog at%i organice
(ii) said ol e?FIPatsis &PaPRLBRe; f\leﬁ?wreedd@a%wat Péﬁmﬁzwmmw%amﬁdr awn

from said di stntéadtiedn otefunn reactor. 18. The process according to claim 14
wherein said al k(\,g atééﬁ’hﬁa%‘i% ‘%ﬁlez%'i‘i‘z&zﬁg{?@&' §§%erel g&eoqna d Stch%;??lgt| gﬁss

reactor. 19. The rocess according to aim1l I n sail
reacti on zonef¥® e @&hgry F?@P’lfé’&ssf’ﬁap@ﬁta]ﬂ‘é@étrléécpﬁ?d“% The process
according to cl ajah l4fediersaid sakdlatdy|atdamicr aaehablic Ze&daumdpitbsas a

fixed bed straighk Paegoheashak apdngaidig alg 'g.tlg on f%%ﬁ'gg%n e
conpri ses a f| xed )6 strai %t pass react o§ BSTITUTE 26)
_ ealkylatlon conditions to dealkylate a portion o 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 2zone comprises a distillation column reactor
containing a fixed bed acidic catalytic distillation
structure in a distillation reaction =zone wherein
concurrently:

(i) said 6rganic 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 claim 14 wherein said
dealkylation zone comprises a distillation column reactor
containing a fixed bed acidic catalytic distillation
structure in a distillation reaction zone wherein

concurrently:
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ohro. W 98/ 56738PCT/ US98/ 11115 33 21. The process according to claim |
15 V\/nerel n sai d deal kyl ati on reaction zone conprises a fixed bed straighf .#
pass reactor. 22. The process according to claim 16 wherein said

al kyl ati onwW@eg6138n zone conprises a fixed bed strai ght pa&YSB8HEsor.

23. The process according to claim 14 wherein said deal kylation is carried
out under conditions to selectively deal kgl ate branched ol efins. 24.
The process according to claim23 wherein said branched ol efins are-
separated from sai d déal l§aist i dHPrRGEGCt organicoAr gt isr oeerewrEc ok i ng to
clai m 14 wher®idalyaidadl ¢f idiskBesatéed deatkylsai ioRcpnaguatieONMPrb&esSt a

m xture of brgnched ol efins and |inear ol efins. 26. The process
according to cllaim 25 wherein said mxture of branched ol efins and |inear
olefins is separated(iibnfdi PLEAPKYT aFFRATAFLEdGEPD the drplkyhatipmcess
according to pdaiuet26 awer ey ntlsdtahnn Xirehe 6hidr adidied 16tabhnscandmn i near
olefins are con t@h ted with a Cl1 to C8 alcohol in the presence of an acidic
catal yst under etherification conditions to selectively react a portion of
t he branched ol éffi-nsThe ProgessTRECHFBEREtNCAGLBI kY YRERSi&I'm 27 wherein
sai d ol efin conpaisesalidiatebhn ik t Gengridached aliethiDSa€idpr £68%mn

tert-butyl eng cacra?d. e PLACRSS goceudio Lascl ANAL Wislels

ol efin conprises olefin and ranc ins conprises |g6anylene
30. The procésistdddariphg Sttt?uGFHFﬁ 140 wher @ §Hiddird 18R garfac tdrBnetore
conmpound cONMpiHes@snhydhoonfdrmily.: 31. The process according to claim 14

wherein said organic & opR{d Co W%U%%@@E&lé&&&ﬁ%%@ﬁ said §2efﬂ;he
erei

process accordin to claim 14 n sald ganl c, aromati c conpound
conpri ses tol ytically repgsd PofaEl SpichPdFRyatoR IRFARUEE dRdrei n sai d
organi c aromati c conpoiuhpd sedpri adkyiplénss. product 1is fractionally

distilled to separate the components thereof, and said
alkylated organic aromatic compound is withdrawn from said
distillation column reactor

and

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

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

(1i) 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 zone 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 claim 16 wherein said
alkylation reaction 2zone comprisés a fixed bed straight
pass reactor.

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

24, The process according to claim 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 linear olefins are
contacted with a C; to Cg alcohol in the presence of an
acidic catalyst wunder 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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