WD 2006/ 015826 PCT/ EP2005/ 008557 -1 PROCESS FOR PRODUCI NG PHENOL AND

METHYL ETHYL KETONE FI ELD OF THE | NVENTI ON [ 00011 The present invention

"relates to r for co-produci ng phenol and nethy one.
BACKGROUND OO TR TRRIENTI ON 200021 Phenol and et hyl et'Jﬁyf?Et*’E&é%f%Oﬁ% are

i nportant products in the chemcal industry. For exanple, phenol is useful

in the production of phenolic resins, bislphenol A, e-caprolactam adipic

acid, al kyl phenols, and plasticizers, whereas nethyl ethyl ketone can be

used as a |l acquer, a sol PRUCESSFORPRODOEING POENGLANDCati ng oils. 100031

The nost comon route for the pr tion of nethyl ethyl ketone is by

dehydr ogenati on of sec-butyl aﬁgﬁﬁ%ﬁngﬁﬁﬁjKQFFﬁ%%he al cohol bei ng produced

by the acid-catal yzed hydrati on of butenes. Commercial scal e SBA manufacture

by butylene with sulfuric acid has be acconplished for many years via

gas/liquid ex 48: s to this hydration proces include a

process configuration that utilizes a unique conbination of plug flow,

bubbl e col um, [@oti CSTR: pleshi b &fhod AllktesRE AGTREIs HERGbARInE §EdoPRR t 0 achieve

hi gh conversion of butylene. Oher inproved processes use spargers,

cust om desi gne&etist etligPene/ sul furic acid absorption/extraction. Al so,

| oop reactors may be preferred to inprove mxing intensity. In sec-butyl

al cohol dehydrogenati on, crude sec-butyl alcohol is recovered in absorption

or extracti on S6&KGROUN QF TIH, ENVENTHIN, 5 preferably, a single tower, to

separate sec-butyl al cohol from sec-butyl ether. [0004] Currently, the nost

comon route feqiooijhe PrQPUELI NP bhPhRARE aleSmbh@nt FOGk:dIh AQBSmicdiNi S 15 a
three-step process in_which the first step involves alkglatlon of benzene

wi th propyl eneitdgs®yy obitficeample pbenok b5 yssibdn BiF BRiwHeT 6hPIEPIE FENSunene t o
t he correspondbighah¥Ids OPEH R, ABdict RRN akhEANAQE Bf plabRizers, whereas

methyl ethyl ketone can be used as a lacquer, a solvent and for dewaxing of

lubricating oils.

{0003] The most common route for the production of methyl ethyl ketone 1s
by dehydrogenation of sec-butyl alcohol (SBA), with the alcohol being produced
by the acid-catalyzed hydration of butenes. Commercial scale SBA manufacture
by butylene with sulfuric acid has be accomplished for many years via gas/liquid
extraction. Improvements to this hydration proces include a process configuration
that utilizes a unique combination of plug flow, bubble column, and CSTR
(Stirred Tank Reactor) reaction sections to achieve high conversion of butylene,
Other improved processes use spargers, custom-designed for butylene/sulfuric
acid absorption/extraction. Also, loop reactors may be preferred to improve
mixing intensity. In sec-butyl alcohol dehydrogenation, crude sec-butyl alcohol is
recovered in absorption or extraction sections using several towers, preferably, a
single tower, to separate sec-butyl alcohol from sec-butyl ether.

_ 10004] Currently, the most common route for the p_roducticm of phenol is the
Hock process. This is a three-step process in which the first step involves
alkylation of benzene with propylene to produce cumene, followed by oxidation
of the cumene to the corresponding hydroperoxide and then cleavage of the

hydroperoxide to produce equimolar amounts of phenol and acetone. However,



hydr oper oxi de to produce equi nol ar anmounts of phenol and acetone. However,
WO 2006/ 015826 PCT/ EP2005/ 008557 -2 the world demand for phenol is grow ng

nore rapi dl %%%Q?lts&gt for acetone. In addition, the gost,af. Riopyl ene
at [

relative to or butenes is likely to increase, due to a devel oping
shortage of propylene. Thus, a process that uses butenes instead of
propyl ene as feed and coproduces nethyl ethyl ketone rather than acetone may
be an attractive alternative route to the production of phenol. [0005] It is
known t hat phenbd wand dereiddyibr gyl is lgetvomemesnrapelvphoadihee@dr byetdwe. \bar i ati on of
t he Hock process,i.n i ch sec-butyl benze i.s,0xi di.zed to .obtain sec-
but yl benzene hfgplgﬁ%\#@?ﬁoﬁeﬁzﬁfﬁ%’ytéﬂ‘)émgagf%g??lgaé f?fé’&%’ﬂ??d%@&“ﬂ?‘?ﬂ%asﬁgg‘fred phenol
and net hyl et hytb akietddsieng Aortgpeaitpr@wiend. Bhicha profds© GasEses Buttles Gistebed 1 n pages
113-421 and 261-.263 of Pr cesg Econoni cs 566510”ﬁ no. 23B entitled "Phenol",

& tE REIPRECE

publ i shed by t HE PEPEIP DI “ReBDELPRAMIHS PR PamFPIC PEH061 | n
aﬂdi t: on,dU. S. @&h@ﬁﬁctfd@ﬁlt&ﬂﬁ%r@@gtodﬁﬁﬁ&d@%cﬂ'pﬁér@ﬁess fo][ p_rgplugzi ng
pnenol an et t . ket on |1 C C rrses t estepso OoX 1 Z1 ng
sec- but yl benzeﬁéé’qsg otyﬁ‘ziikﬁméin \Q@PP i i‘qgihyfjﬁﬁﬂﬂ?gpﬁf’%]gbes%&@ ?A?ﬁfﬁbenzene
hydr oper oxi de agriith@ offeHdok @6k in OB QRILLBAHeRENE RexId@RE td SYlaih kUi d by

means of a distillation colum to obtain a bottomliquid containing
sec- but yl benze%é‘ty“?%n?)ﬁé‘&‘B&?r%d%@dtth‘épwlﬁe CHAPBREH {0 #’F(Slﬁﬁ“te @0l urm bot t om

and deconposi NGind nghyh efhyOKatdred Ukl obcRviobbakithphgoedss andksdelyd palhyl ket one.
SUbst ant | al 1y THEEET et &S CEhyoeh T SBer P oo S h R ThEPls and
phenol, (b) styuBn®sd B thé Sjanfil RisbhenEMituie @l DakBober tdomever, the nethod used
Lo ebLain e Fag" o Schhutyl Renzency s ok ool osed 10007 European
phenol , net hyl wéduyine kednongdandha ettt nb whidheoptidatieerpobf exididixg ur e
contai ni ng cunene nd U to 25DtX¥t % sec- Ibut | henzene 1.;:;lmd t e ubseequent Hock
Cl eavage of T ha AP BBEPE et Mot HATLndoa: FOUGRHS gt Db
phenol : acet one:hygtobstbxide as the main product, concentrating the reaction liquid by means of

a distillation column to obtain a bottom liquid containing sec-butylbenzene

hydroperoxide as the main component from the column bottom and decomposing

the bottom liquid to obtain phenol and methyl ethyl ketone. The process requires

that the sec-butylbenzene starting material is substantially free from {(a) ethyl

hydroperoxide, carboxylic acids and phenol, (b) styrenes or (¢} methylbenzyl

alcohol. However, the method used to obtain the required sec-butylbenzens is not

disclosed.

[0007] European Published Application No. 1,088,809 discloses a process for

preducing phenol, methyl ethyl ketone and acetone by the oxidation of a mixture

containing cumene and up to 25 wt% sec-butylbenzene and the subsequent Hock

cleavage of the hydroperoxides, so that the ratio of the phenol:acetone:methyl

ethyl ketone in the product can be controlled via the composition of the feed

mixture. The feed mixture is produced directly by the alkylation of benzene with

a comresponding mixture of propene and 1-butene/2-butene in the presence of a

commercial alkylation catalyst such as AICl;, H;P04/S10; or a zeolite.

[0008] However, existing commercial catalysts for the alkylation of benzene

with butenes, typically AICly and solid phosphoric acid, produce not only sec-



et hyl ketone in the product can be controlled via the conposition of the
feed mxture. The feed mxture is produced directly by the al kyl ati on of

- benzene with a corresponding mxture of propene and |-butene/2-butene in
the presence8f" %" €¥mmercial al kyl ation catal yst such P& RFY¥3*gpou/ si o2
or a zeolite, [0008] However, existing comrercial catalysts for the

al kyl ati on of benzene wth but enes, typi<hally AICL3 and solid phosphoric
acid, produce not only sec WD 2006/ 015826 PCT/ EP2005/ 008557 3 butyl benzene

but al so varyi rtﬁltﬁwéagaate %upilsobyarﬁﬁg@usﬁlﬁs of R FtbdtuctsS Gty sQﬁnﬂsaﬁme

tert-butyl benzene tyl benzenes and trjbutyl benzenes. O these conpounds,

di but yl benzenes‘e‘&hﬁfyltblgfizﬁ%ﬁ yitmetrares mdetripexlieizgnse pdf Micesdcammndshe react i on
m xture and canythanenbiRDSAN khalisdzdms RIOMEGE additdionah ®EGaRULY! benzene.

However, the boiling points of i'sobutyl benzene, sec-butyl benzene and tert-
butyl benzene arixiy agcan FgnsomsHiylagbE@ Prodypre addijenal seabmtylherens. i t i s

difficult to separaLe tﬁ@%ﬁmggfm@y%@'slﬂbwmeﬁﬁﬁp QARG Ry L Stnal LAt T on.

Moreover, isobutyl béenzene and tert-b benzene are '’known to be inhibitors

to the oxidati dwtylishzese rd i BenZeAe ta@d tIRe (e opspediyelvdiandy biyadrivper oxi de.
For exanpl e, themtat® s%fglaratg)&legta&dnﬁ)'auﬂfs f@ﬂpea@mﬁk &@tﬂ&tlomh@@réob&

sec- butyl benzene contains 1% Db ¥> I sobut yl benzene ecreases to
about 91% of t Hegbuiykrenzenh anddert: wmkbynzs@qﬁ@h@wobﬁp@én@fstpﬁm;@qan@enzene

Simlarly, rbfts&eodtﬁg)éﬂgél% lt(pﬁg%&%m% ﬁ%%p&roﬁéo&d365£é} B¥am \ﬂieltfg:hgte ofhe rate of

oxi dation decreases to a hé i'sobutyl benze content is 2% by
wei ght, the rataidgfiorpy S@%tblitﬂhefti@@r wheydhe gag- baw&?ﬂz%ﬂ%ﬂt%mﬂjl‘wl‘?émelahhe

| sobut y1 benzenc,caantsiyk, Suaed, B0l of i GRG0tk AR slocT cases

tot as much as about " 82% ore, i n enploying the Hock process to
copr oduce phencﬁee@ﬁ&Obu’ﬁe‘bﬁwneeﬁlﬁyﬂaﬂké’@@ﬁ&le ijopulyBepaepdeandant istld5 BY mi ze t he

amounts of '50%%& DENZENEr 0@ or Q@c}eapédtté( 'ai%@%@%ewﬁ&f 1 GsoBityR¥aRhOduUCT S
during the al kylation step to produce the sec-b é benzene: [0010] U.S.

Patent No. 5, 039ntpEgs a"éstn/rvr%@% the ﬁ%@ﬁ@awwdeﬁrﬁeﬁ% 7hguistdee; and when

the isobutyibenzene countent 1s 3.5% by weight, the rate of oxidation decreases to
as much as about 82%.

[0009] Therefore, in employing the Hock process to coproduce phenol and
methyl ethyl ketone, it is important fo minimize the amounts of isobutylbenzene
and tert-butylbenzene formed as by-products during the alkylation step te produce
the sec-butylbenzene.

[0010] 1.5, Patent No. 5,059,736 describes a process for producing sec-
butylbenzene from benzene and n-butene, comprising reacting benzene and n-
butene in the presence of a homogeneous liguid aluminum chloride complex
catalyst, said catalyst comprising aluminum chloride, hydrogen chloride, and an
aromatic hydrocarbon, wherein the amount of aluminum chloride used as a
component of the complex catalyst is from 0.51 to 5% by weight of the benzene
used, the reaction temperature is from 20°C to 70°C, and the amount of
isobutylbenzene formed as a by-product is such that the weight ratio of
isobutylbenzene to sec-butylbenzene formed is not more than 0.01:1. However, as
discussed above, even isobutylbenzene impurities of 1 wt% significantly inhibit

the oxidation of sec-butylbenzene to the corresponding hydroperoxide.



butyl benzene from benzene and n-butene, conprising reacting benzene and n-
butene in the presence of a honpbgeneous |iquid alum num chloride conpl ex
catal yst, said catal yst conprising alum num chloride, hydrogen chloride, and
an aromatic hydrocarbon, wherein the anount of alum num chloride used as a
conponent of the conplex catalyst is fromd40. 51 to 5% by wei ght of the
benzene wused, the reaction tenperature is from20C to 70C, and the anount
of isobutyl benzene forned as a by-product is such that the weight ratio of

e ai Scuso O Move I B R SRR AORRE 51 PRECRIC A PRYR, @i e Cant 1y

inhibit thesyaietlatpopiusfry AItind uiiarride kaswe dsMUCM-22 OE la@ SqTRBAV Gatalyst
hydr operoxi de. -4- [00111 It .is known from for exanple, U S. Patent No.

4,992, 606 t hi@f allgydatiogyoft arematic sempayndsy yuahads benzengtvath alkylaiagmesnisMoM 22 i s
an effective t.al for. . ty f IL.C C n h,as
benzene, w t%lgglﬁy%{%%ifl%g&% !tﬁsldn@l lsgéghsogg%é{?er?%ﬁr%g‘, ﬁg@?#gﬂ cr]%s:quﬂ fl% 5 carbon
atons. Si m | @ntainsicinoW18. Patent Aosc 6/374j3m@ dind 15,35 7D24Paitewherblabe simtiefit, 310 and

5,557,024 but where the synthefic orous crystalline material is MCM 49 and
MCM 56 respel&ri)%wﬁtaﬂmﬁe%@ ,ﬂaf ﬂ%M@Mr‘gS’ ﬁeﬁ &%@M—éédﬁwesﬁw YrgfdQ¥e¥Sh in these
references t Q/%/H Mgl\gl ioVie\h ML I € tive to

sec- butyl ben@gltr?el e%%ll?ge tr;%g éa%!t’sg? yze a?ﬁgﬁ%% %ﬁ on o;ﬁbgtz%ﬁdege(\%ith a4

al kyl ati ng ay€M-56500d1d belnSsuabatselattivdao sdg-BRy|bébEndivdrhosedtcacamlipeess f or
t he al kyl ati n.aromati c hydrocarbon, such as

n or transal kyl at i on, of
benzene, \/\hi@ﬁa@(@ﬂ?ﬁppé’ enzg ﬁ%%tain%ba”fﬁ%t“%@?ﬁ?i c hydrocarbon with a C2 to

C4 ol efin aljggiat i ngy 99eMenON02 4 99914%8! diddiosRE ANBrlokEssNbd RS AL RRion or
transal kyl ati ng agent, under at [east partial liquid phase conditions, and

in the presenansalsylation af znyaromatiahydgicatponesicht & bazane, Vdich abingrisdsef i n
iLhcl ude e

Fr ans- but encanl U SRR BvaRea PR iy 62 & siaRY SEPBBE dRETRE Sor et er r e
ol efins are gdifakAnSomit RYRBYrBRLradsAIky RENE AgetOhindeh @t leBA Gkt lighidoenzene
Wi th n- butenes or polybutyl benzenes, the reaction product is said to
i ncl ude sec-phase conditions, and in the presence of a catalyst comprising zeolite beta.
Suitable olefin alkylating agents are said to include ethylene, propylene, butene-1,
trans-butene-2 and cis-butene-2, or mixtures thereof, although the preferred
olefins are ethylene and propylene. In the case of the reaction of benzene with n-
butenes or polybutylbenzenes, the reaction product is said to include sec-
butylbenzene but there is no disclosure as to the level of isobutyl benzene or tert-
butyl benzene impurities.
[0013] According to the present invention, it has been found that the use of an
MCM-22 family zeolite as the catalyst in the alkylation of benzene with linear
butenes produces sec-butylbenzene that is substantially free of isobutylbenzene

and tert-butylbenzene and hence is an attractive feed for the Hock cleavage to

produce phenol and methyl ethyl ketone.

SUMMARY OF THE INVENTION

[0014] In one aspect, the present invention resides in a process for producing
phenol and methyl ethyl ketone, the process comprising:
(a) contacting a feed comprising benzene and a C4 alkylating agent

under alkylation conditions with catalyst comprising a molecular



but yl benzene but there is no disclosure as to the |level of isobutyl benzene
or tert- butyl benzene inpurities. [00131 According to the present
invention, it has been found that the use of an MM 22 famly zeolite as
the catalyst in the alkylation of benzene with linear butenes produces
sec- butyl benzene that is substantially frée of isobutylbenzene and
tert-butyl benzene and hence is an attractive feed for the Hock cl eavage to
produce phenol and nethyl ethyl ketone. SUMVARY OF THE | NVENTI ON [ 00141 In
one aspect, resent igvepti (.esi Ln. .ocess for producing pheno
and net hyl é%%%lgfgigne? 3H§9p9§%%§§%c %%?#sPﬁg&ﬁﬁ%f§§5ﬁP§%f?%ﬂm% n[eed
conpri sing bEM-ENZS, &E-0a] 4. TR Y7 aintd 1301220817t Angs o8y todrbdilcatanalkytafdi ti ons
with catal yst_conprisi.ng a nplecular -5- sieve having an X-ray diffraction
patt ern i ncl fHPsRY camppaBe sec-hutylbeazene: 12. 40. 25, 6.90. 15, 3.570.07 and
3.420. 07 Angstro o p ap.al kvliati f t (60 i
sec- butyl benzene?eb? b) 50’9?%&% nglet h%xsbg@lgut ic/IFJbe#ﬁB%e( )rg%( kd?l?ge praoduce a
hydr oper oxi deydrgredoxidg; aalieavi ng t he hydr operoxide from (b) to produce phenol
and nethyl ethyl ketone. .,[00151 The cafal yst used in step (a), is

nol ecul ar si eve h(ési ngcq%”;g &ﬁﬁlydmpﬁm&f{ﬁ%ﬂ (Bhttot@Pﬁj\“‘ierF@Fﬂ@i% “&F—t@aaci ng
maxi ma at 12etﬂ)&-k%§me.6- 90. 15, 3.570.07 and 3.420.07 Angstrom Conveniently,
sai d sec-butylbenzene contains less than 0.5 wt% for exanple less than 0.1
w % such as[00&8s t Ahn @tadBtwsed infstepi @ bsutyhbloulanesicvg (061 Qodkreyi ently,

L butene andibrdod datim ot dbe S Bhtnatsfve s b Pl Lo TP ©
contai ned i Mg mmmngﬁtf&ﬂr@meﬁknﬂﬁ salbie@BuplbéPend coRant 1Q0ehaal sul fur

removal , nitrogen renoval, oxygenate renoval, butadi ene renoval and
i sobut ene 0.5 wt%, for example less than 0.1 wt%, such as less than 0.05 wt%, of

isobutylbenzene.

[0016] Conveniently, the C4 alkylating agent in (a) comprises a linear butene,
for example 1-butene and/or 2-butene. In one embodiment, said linear butene is
contained in a mixed C,; stream which is subjected to at least one of sulfur
removal, nitrogen removal, oxygenate removal, butadiene removal and isobutene
removal prior to the contacting (a).

[0017] Conveniently, the molecular sieve is selected from MCM-22, PSH-3,
S8Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and
mixtures thereof. "Mixtures" as used here and throughout this specification and
the appendant claims means any two or more items from the relevant list.

[0018] In one embodiment, said contacting (a) is conducted under at least
partial liquid phase conditions. Conveniently, said alkylation conditions include a
temperature of from about 60°C to about 260°C, a pressure of 7000 kPa or less,
and a feed weight hourly space velocity (WHSV) based on C4 alkylating agent of
from about 0.1 to 50 hr'' and a molar ratio of benzene to C; alkylating agent from
about | to 50.

[0019] In one embodiment, said alkylation effluent produced in (a) comprises
polybutylbenzenes and the process further comprises contacting said
polybutylbenzenes with benzene in the presence of a transalkylation catalyst to
produce sec-butylbenzene. Conveniently, the transalkylation catalyst comprises a

molecular sieve selected from zeolite beta, mordenite, USY, MCM-22, PSH-3,



removal prior to the contacting (a). [00171 Conveniently, the nol ecul ar
sieve is selected from MM 22, PSH 3, SSZ-25, ERB-1, ITQ 1, ITQ 2, MM 36,
MCM 49, MCM 56, UZM8, and m xtures thereof. "M xtures"” as used here and

t hroughout this specification and the appendant clains neans any two or
more itens fromthe relevant list. [0018]-8+1 one enbodi nent, said contacting
(a) is conducted under at least partial liquid phase conditions.
Conveniently, said al kylation conditions include a tenperature of from

about 60C t gut )C, r Ihe "’ 0];@@ r o 3 & fead wei ght
hourly spacgs%\i; g’cfEtﬁspf\l\ILE%pl’basgg’ 3.2@1&149%' y at@thg’%zg?’ o) fagl’o"rﬁln%about 0.1
to 50 hf 1 amikterestiesrofr ati o of benzene to C4 al kyl ati ng agent from about
lto 50. [001 n one enhodj ment, said alkylatign effluent produced in (a)
conpri ses p@i’%@ut yl é‘ﬁ?@ﬁ‘étb” a‘ﬁ'&i ‘%"I‘l‘gz’ﬁgo@’gs‘% et »d rHr%é’écecBﬁtaacti ng
sald POl yDULYIPENGRAGS o WhlalysPEIGALIbA (hh BXOTRENES0LhridhelRARBALIEN at | on
catal yst to produce sec-butyl benzene. nveni ently, the transal kylation

cat al yst conpeiabesnplex rompdsing maigenwse s@l) actoad (hydnxgdwidgee tdsmnaglearor deni t e,

uUsy, MCm 22, PSH 3, -6- SSZ-25 RB-1, ITQ1, | MCM: 36, 49, MCM 56,
UM 8. and PR GABReE ﬁﬂY‘é‘gfa.mi[xﬁgé‘éﬁtgléBFngﬁ? m@fﬁ%ﬂskﬁm@ﬁ%lm i's
conduct ed i NpbRAE sAEQSE Foth Th, Tu, FRL @b?’Ni,, MEUSHY ASxtBres ahéle¥s hind gh&hdred from
(i) an oxo (hydroxo) brlgﬁaed tefranuci ear netal conpl ex conprising

manganese, (Metpl daingxd tivatentonelpl selededdranetlnalecMearGa, sk and awinpiresx havi ng
a m xed netal, core ne ne f the re, bei,ng.a. di val en nmet al ,,sel ect ed
oo e hefF Gna WP MEAPhydow! MR RTHES iR e Mone S B R e e s
trivalent negratens@bes fivd ridiehidiflatol-eln M enfBudiribntaihd dXidikdtiodataRefseof and
(tii) an N-hydroxy substituted cyclic imde either alone or in the presence

of a free ratiheerogensions eatalyst. | n one enbodi ment, the oxidization catalyst is

20 E SEJ g[ gg € gfﬁgf%]g ﬁ;) ?roél?%r}ieé&tg? %‘g%%ﬁ?ﬂ}/n%%? ft éo%duétpc? af& ie%ﬁekﬁgre(oq)ablﬁt
70°C to about 200°C and a pressure of about 50 to 1000 kPa (0.5 to 10
atmospheres).

[0022] Conveniently, the cleaving (c) is conducted in the presence of a
catalyst. The catalyst can be a homogeneous or hetergeneous catalyst. In one
embodiment, the catalyst is a homogeneous catalyst, such as sulfuric acid.

[0023] Conventently, the cleaving (c) is conducted at a temperature of about
40°C to about 120°C, a pressure of about 100 to about 2500 kPa, and a liquid
hourly space velocity (LHSV) based on the hydroperoxide of about 0.1 to about
100 hr''.

[0024] In further aspect, the present invention resides in a process for
producing phenol and methyl ethyl ketone, the process comprising:

(a) contacting benzene with a C; alkylating agent under alkylation
conditions with catalyst to produce an alkylation effluent comprising sec-
butylbenzene;

(b) oxidizing the sec-butylbenzene from (a) in the presence of a
catalyst to produce a hydroperoxide; and

(c) cleaving the hydroperoxide from (b) in the presence of a catalyst to
produce a phenol and methyl ethyl ketone,

wherein cach of the catalysts employed in (a), (b) and (c) is a heterogeneous

catalyst.



70C to about 200C and a pressure of about 50 to 1000 kPa (0.5 to 10

at nospheres). [0022] Conveniently, the cleaving (c) is conducted in the
presence of a catalyst. The catal yst can be a honbgeneous or hetergeneous
catalyst. In one enbodinent, the catalyst is a honbgeneous catal yst, such
as sulfuric acid. [0023] Conveniently, thercleaving (c) is conducted at a
tenperature of about 40C to about 120C, a pressure of about 100 to about
2500 kPa, and a liquid hourly space velocity (LHSV) based on the

hydr oper oxi d about 0..1 to abou 100 hf'. [0024] In t her, aspect, the
present i nveﬁp?%]n rggqnﬁﬁlge’?tiy’ﬁg‘?aﬁ@%o gd IBF%&%&Y ]ﬁﬁdbﬂé%? © 6& hyl

et hyl ket oneg) tdx@lifihg ¢S eQMR Ireb Y effedthd 6P RAAKAIL AsktipaRaene With a C4

al kyl ati ng aﬁ)ﬁnt under al kylation conditions with catalyst to produce an
al kyl ati on ef0Rélent Teaetpr fusthagaspeet, theunyenbien zesides iplg)prosessl faripreducing

sec- butyl ben i [ n f cat al t o« produce a
hydr oper oxi d%ae?'%glﬂgg%ﬁegl)t%éa iok%gtcﬁrél%ﬁé & g 28@? (ggl}gd%en%(?%eﬁ%%f%l:“nanfygéémgr esence

of a cat al ysigeho ungérogiugrtian Pdoaditlonavadtiresdlyst ebfplisikgto nmlecthier séve each of
the catal ysts enpl oyed ing&a)L (b) and (g&_ is a heterogeneous_ catalyst. -7-
[ 00251 Convebavarg py X-52y difffagtion gatm 1ngludipg <enagingymasian af 12.465@280nt act i ng
(a), oxidizi I } t Al istt]lation.

[ 00261 In ye?'gﬂéé'? %J’r ?Eg?@gzzaé??g 4%{%0‘{ ?évﬂgg ?‘gnﬁgrggy(}gg&%fy Ldfgrao eésdsol"f or
produci ng seftlatnit ybinpnzimge sed-hetyfbearsnss conaiming i legs cthat adilRngvtbenafene wit h
a C4 al kyl at} ent under, al kyl ation conditions with catal yst conprising
a nol ecul ar @3@0&%9%?9? Hbteétﬁb‘%yl:éﬁ@zeﬂ?-ffracti on pattern including d-spacing
maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrom t her eby
produci ng an al kylation effluent conprising sec-butyl benzene contai ni ng

| ess than 0. BRIEFRESCRIPTION OF THE DRAWINGS

[0027] Figure 1 is a plot of sec-butylbenzene oxidation versus time, for sec-

butylbene and sec-butylbenzene/tert-butylbenzene mixtures.
[0028] Figure 2 is a plot of sec-butylbenzene oxidation versus time, for sec-

butylbene and sec-butylbenzene/iso-butylbenzene mixtures

DETAILED DESCRIPTION OF THE EMBODIMENTS

{0029} The present invention is directed to a process for producing sec-
butylbenzene and then converting the sec-butylbenzene to phenol and methyl
ethyl ketone. The conversion involves initially oxidizing the sec-butylbenzene to
produce the corresponding hydroperoxide and then cleaving the resulting
hydroperoxide to produce the desired phenol and methyl ethyl ketone.

[0030] In particular, the invention is based on the discovery that when
benzene is alkylated with a Cy4 alkylating agent, such as a linear butene, over a
particular class of heterogeneous, molecular sieve catalysts the alkylation can be
controlled to produce sec-butylbenzene that contains less than 0.5 wt%, such as
less than 0.1 wt%, of isobutylbenzene and/or tert-butylbenzene which would
otherwise act as inhibitors in the oxidation step.

[0031] The heterogeneous catalyst in the alkylation step comprises a
molecular sieve having an X-ray diffraction pattern including d-spacing maxima

at 12.4+0.25, 6.9+0.15, 3.5740.07 and 3.42+0.07 Angstrom. In



i sobutyl benzene or tert-butyl benzene. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0027] Figure 1 is a plot of sec-butyl benzene oxidation versus tine, for
sec- butylbene and sec-butyl benzene/tert-butyl benzene nmi xtures. [0028]
Figure 2 is a'®i%91e%6 sec- but yl benzene oxi dati on ver susp¢i/EReposfomssssec-
but yl bene and sec-butyl benzene/i so-butyl benzene m xtures DETAI LED
DESCRI PTI ON OF THE EMBODI MENTS [ 00291 The _gresent invention is directed to a
process for producing sec- butylbenzene and t hen converting the

sec- butylbenzen Lo p tmo ngl y arE embene @D he conversggn i nvol ves
initially oxidi 3% th5 §gw85iy?%§ %ene oduce®t H8 ¥6r °esPdhidi ng

hydr oper oxi de apefetdderbot, efnie ngditive andededvigersgeps bitle pemopbebes.t 0 produce t he
desi red phenol and nethyl ethyl ketone. [0030] In particular, the invention
i s based on the discovery that when benzene is alkylated with a C4

al kyl ati ng agenBemﬁmchn@ﬁumnlinear butene, over a particular class of

het er ogeneous, cul i eve cat ts e | atj on. can be <controlled
to produce sec-ﬁ.# | be e 8“?W5§”@§W¥§lﬂshFe§@ % EmSKMfﬁbughéﬁ as |ess
than 0.1 wt % Of)utyISbeﬁeydabBElﬁx%ﬂ@matﬁHﬂdlﬂry atvelndb}etmwdnbem,emﬂ piskurably woul d

ot herw se act ag |nh|b|tor§%% Ee oXi L,on step. [0031] The heterogeneous

catalyst in the %F?Vﬁ%ﬁ?%ﬁl 6&%@5 % mol ecul ar si eve having an X-ray
diffraction pat{ess) i nTheudikp@titk Spagi g BRXdnBaliphhticl 2r 4dodftic Grglfle 15,
3.570.07 and 3.420. 07 @ %5%r0n1 I n V[)égOG/O 5826 PCT/EP2005/0085 7 -8-

addi tion, het er SRyEREHL LR Aoy oms Agrigplar i lging 2LploHIe $EEPS PPaME XTor more

preferably bothmaﬂﬁnUMQuB&uaaimmnmﬁﬂ@:chaaMagensIem&m@ksuh&uﬁﬂﬁ§emt process.
Benzene AIIcyIaH%q 5%003%} Thg bgnz&ge %ggl X n t he %ﬂ élon step to
prdduce sec- butlY HEEAEHES REHIGBOMNIF RS AHEAE TRT YUERFS A HP bafS¥ne feed,
but preferably thsdoltennenenhgsefaaiiybiteye-2;en@holo(inalhsil eashoRPcoidle,

dialcohols, trialeohols, etc.) such as the butanols; dialkyl ethers, such as dibutyl

ethers; and alkyl halides such as the butyl chlorides.

[0034] The alkylating agent can also be an olefinic C4 hydrocarbon mixture

such as can be obtained by steam cracking of ethane, propane, butane, LPG and

light naphthas, catalytic cracking of naphthas and other refinery feedstocks and by

conversion of oxygenates, such as methanol, to lower olefins.

[0035] For example, the following C,; hydrocarbon mixtures are generally

available in any refinery employing steamn cracking to produce olefins; a crude

steam cracked butene stream, Raffinate-1 (the product of remaining after solvent

extraction or hydrogenation to remove butadiene from the crude steam cracked

butene stream) and Raffinate-2 (the product remaining after removal of butadiene

and isobutene from the crude steam cracked buiene stream). Generally, these

strearns have compositions within the weight ranges indicated in Table 1 below.

Table 1
Component Crude Cy Raffinate 1 Raffinate 2
stream Solvent Hydrogn. Solvent Hydrogn.
Extraction Extraction
Butadiene 30-85% 0-2% 0-2% 0-1% $-1%
(4 acetylenes 0-15% 0-0.5% 0-0.5% 0-0.5% 0-0.5%
Butene-1 1-30% 20-50% 50-95% 25-75% 75-95%




100331 The al kyl ati ng agent can be any aliphatic or aromatic organic
conpound havi ng one or nore avail able al kyl ating aliphatic groups capabl e of
reaction with benzene and having 4 carbon atons. Exanpl es of s%itable 4

al kyl ati ng ayRAt%"1*%¥ ude nonool efins, such as |inear EEF@ﬁggyoﬁgFticularly
butene- 1 and/or butene-2 and preferably butene-2; alcohols (inclusive of
nonoal cohol s, dialcohols, trialcohols, et%.) such as the butanols; diall vyl
et hers, such as dibutyl ethers; and al kyl halides such as the butyl

chl ori des. [0038}terklre al Kyl alisong jagentwcan @kse be 1araoal ef i ok

hydrocar bon m xure—sueh—asgan-be—oht-alned-—hy—steam eraeking—of et hane,
pr opane, butanef&@E@Eand Igaﬁ? @p%ﬁﬁgs, c%?%%&ticﬁéﬁhckingig% napht has and
ot her refinery|Nesdst ocks amdohy | cOhYer si ol oxy@yeitat es, 08Ueh as

met hanol , to | oyes oleftns L0835 oy, e§d|§h%, et CA-hydr ocar bon
m xtures are generally ailable in any Irefinery enployilng steam cracking
to produce olefins; a crude steamcracked butene stream Raffnate-1 (the
product of remgyfi-Ng r V. t] i 0 renove
but adi ene frogﬁ?ﬁgpcr3%%§§?§§h§%$%%§g§&&%§t%ﬁga%??%% tggﬁgaéggﬁwﬁéte-Z (the
product remai nicrigkiag rénaphtwowal otbér rbiincadieedrtockamypidadp thateethe ifllommgt he crude
st eam cr acked Qﬁ&&ﬂﬁkﬁtrean). Cenerally, these streans have conpositions
within the weight ranges indicated in Table 1 below. Table 1 Conponent
Crude C, Raffinate | Rafffroppdane 2 -®Ew&am Sol vent Hydrogn. Sol vent Hydrogn.
Extracti on Extracti on Butremlinene 30-8%¥»0-2% 0-2% 0-1% 0-1% C4 acetyl enes
0- 15% 0- 0. 5% 0- 0. 5% 0- 0. B%sdixng, 5%0-But’ene-1 1-3 0 %% 20- 50% 50- 95% 25- 75%
75-95% WD 2006/ 015826 PAERA005/ 00B58% - 9- But ene-2 1- 15% 10- 30% 0- 20%
15440% 0- 20% | sobut ene Ht3885 0- 55;@2-’;9‘;\’35% 0- 5% 0- 5%

Isobutene
Iso-butane - 10-45 wit%
N-butane - 5-25 wt%s

[0037] C4 hydrocarbon fractions obtained from the conversion of oxygenates,
such as methanol, to lower olefins more typically have the following composition:

Propylene -0-1 wi%

Propane - 0-0.5 wt%
Butadiene - 0-1 wi%
Butene-1 - 1040 wt
Butene-2 - 50-85 wt%
Isobutene - 0-10 wit%

N- + iso-butane - 0-10 wi'%s

[0038] Any one or any mixture of the above C4 hydrocarbon mixtures can be
used in the process of the invention. In addition to linear buienes and bﬁtanes,
these mixtures typically contain components, such as isobutene and butadiene,
which can be deleterious to the process of the invention. For example, the normal
alkylation product of isobutene with benzene is tert-butylbenzene which, as
previously stated, acts as an inhibitor to the subsequent oxidation step. Thus, prior
to the alkylation step, these mixtures preferably are subjected to butadiene

removal and isobutene removal. For example, isobutene can be removed by



N- but ane 0- 10% 0- 55% 0- 10% 0- 55% 0- 10% | so- but ane 0-1% 0- 1% 0- 1% 0- 2% 0- 2%
100361 Ot her refinery mxed C4 streans, such as those obtained by catal ytic
cracki ng of naphthas and other refinery feedstocks, typically have the
following conposition: Propylene - 0-2 wt% Propane - 0-2 wt % Butadi ene -
0-5 4% Butene-1 - 5-20 wt % Butene-2 - -10-50 wt % |sobutene - 5-25 wt %

| so-butane - 10-45 wt% N-butane - 5-25 w % [0037] C4 hydrocarbon fractions
obtai ned fromthe conversion of oxygenates, such as nethanol, to |ower

ol efins nore | ] It 0-1 W%
b opane 0. S EIEGEnDRKR, b Gedefoh W GRIRPRY rBce S SBgeis O 1 ¢
50-85 wt % I buthdiepnean belrefidved by eddraction sosdiettiznbydrogeddlionttdbhi@f381 Any one

or any mxture of the a gve C4 hydrocarbon m xtures can be wused in the
process of tH¥3Phverli gAditio éﬂd?@lﬁbrﬂnﬁdaoqarb%larcompp@ﬁ% RanpRieiah s these

mtures O PhEBbLAGONhATE ORRRARD! SonGHCRS LSBRMANSAN Buadhene

whi ch can be deleterious to cess of entlon exanp the
normal  al kyHetimentaprtodte talqulatucmo pricesse \Rot hthp]:ee mefinesy t@&r hydro¢aybdaen zene

whreh. 25 PRl Al RS, SELS R ANAPI Lo 0.t sbaeaent

preferably ag@ibhsgihed vyooRteAME SdRversion process typically contain unreacted
oxygenates and water. Thus, prior to the alkylation step, these mixtures may also
be subjected to one or more of sulfur removal, nitrogen removal and oxygenate
removal, in addition to butadiene removal and isobutene removal. Removal of
sulfur, nitrogen, oxygenate impurities is conveniently effected by one or a
combination of caustic treatment, water washing, distillation, adsorption using
molecular sieves and/or membrane separation. Water is also typically removed by
adsorption.
[0040] Although not preferred, it is also possible to employ as the alkylating
agent in the alkylation step of the invention a mixture of a Cy4 alkylating agent, as
described above, and C; alkylating agent, such as propylene, so that the alkylation
step produces a mixture of cumene and sec-butylbenzene. The resultant mixture
can then be processed through oxidation and cleavage, to make a mixture of
acetone and MEK, along with phenol, preferably where the molar ratio of acetone
to phenol is 0.5:1, to match the demand of bisphenol-A production.
[0041] Conveniently, the total feed to the alkylation step of the present
invention contains less than 1000 ppm, such as less than 500 ppm, for example
less than 100 ppm, water. In addition, the total feed typically contains less than
100 ppm, such as less than 30 ppm, for example less than 3 ppm, sulfur and less
than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm, nitrogen.
[0042] As to the molar ratio of benzene to alkylating agent, it is preferably of
from 2:1 to 3.5:1, most preferably from 2.5:1 to 3.2:1.
[0043] The alkylation catalyst used in the present process is a crystalline
molecular sieve material having an X-ray diffraction pattern including d-spacing
maxima at 12.440.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom. The X-ray

diffraction data used to characterize the material are obtained by standard



renoval and isobutene renoval. For exanple, isobutene can be renoved by -10-
sel ective dinerization or reaction with nethanol to produce MIBE, whereas
but adi ene can be renoved by extraction or selective hydrogenation to
butene-1. 100391 In addition to other hydrocarbon conponents, comrercial C4
hydr ocarbon m xtures typically contain othier inpurities which could be
detrinental to the al kyl ation process. For exanple, refinery C4 hydrocarbon
streans typically contain nitrogen and sulfur inpurities, whereas C4

hydr ocar bon reams _obt.ai ned X nate conversi.on process t cally
contai n unr eagjt“é S S35 ﬁ%\?@glp%dp\'ﬁgltggf’?c%ﬁ% asetl;‘ 61?01? S até(m(%&af‘l on step,
these m xt urdefradRynetdrSaquippRd Skt @Qkﬁfﬂlllh@orpﬁ@rﬁér A &ss6fiaed| dotiputeerval |

nitrogen renoval and oxygenate renoval, in addition to butadiene r enoval
and i sobut ertke ¢adlegtien sys vaI of sulfur, nitrogen, oxygenate inpurities is
conveni ent | ect wat er
washi ng, di gt ?‘H]at i g/%té} sor p Soaﬁd l)}gll% 1&% lgﬁgﬁerﬁg%%%/dgget%%%ﬁ?}%nbr ane

separ ati on. tYatmoletdamsiswstofphe MTM- Zﬂefmub/chridymcladsM(DM 2ih (des&ie@lin Al t hough
not preferr 1t s also t | 0 he kyl at ent in the
al kyloation §?§pi"ﬁ?;‘t s ﬁfd}%}&r@&%ﬂ l)E/if Sﬁ% y‘&g:‘f@g&ég , I
described ab@v@es.aBch S?’U‘"!s‘J YAt NBY §§!§6’t§7) ERBN &%Q@é{utﬁgﬁ%geﬁl%zftmt the

al kyl ation ‘step produces a m xturé of cuhene and sec enzene. The

resul tant mMé.u9303HNITQAN(descridedde sk 8 Patehr momndat IoQ-Adsaibeavage, to
make a m xture of acetone and MEK, along w th phenol, pr eferably where the
nol ar rati o iBfIngeratiend Pat@ntpﬂkébmptwrsl‘b) sWD97{152 cMCMé délggentped fin

bi sphenol - S[Fgog%%}l{tﬁg 5&98&%%) (gf@l\{,ﬁ &‘etsl;rfl'bedtlgeUtSOtP% en ﬁﬁ,arsltz%gosgg)ppm such

al kyl ation € preseén | nve | on contai ns’'Iess

as less t harMG&{lseﬂmascﬁbéd &xanp! PatehteNs. §56M63D0 UXNNS (dseribed im BRI ti on,
the total feed t |callﬁ contains |ess than 100 ppm such as less than 30
ppm for exdneNoeddS56.H3M, angmptures thergofang | ess  than 10 ppm such as |ess

than 1 ppm 66)4{5 exaaﬁ;‘% Elk:y Fion cgﬁg/spce;n PRMde T fé)ffaer a%r >§{CQ$41?31nlﬁ‘ﬁmh%rt he nol ar

rati o of be zen to a ating agent, 1t Is pr
self-bound form or, alternatively, the molecular sieve can be combined in a

conventional manner with an oxide binder, such as alumina, such that the final
alkylation catalyst contains between 2 and 80 wt% sieve.

[0046] The alkylation process is conducted such that the organic reactants,
i.e., the alkylatable aromatic compound and the alkylating agent, are brought into
contact with an alkylation catalyst in a suitable reaction zone such as, for example,
in a flow reactor containing a fixed bed of the catalyst composition or in a
catalytic distillation reactor, under effective alkylation conditions.  Such
conditions include a temperature of from about 60°C to about 260°C, for example
between about 100°C and about 200°C, a pressure of 7000 kPa or less, for
example from about 1000 to about 3500 kPa, and a weight hourly space velocity
(WHSV) based on C, alkylating agent of between about 0.1 and about 50 hr”!, for
example between about 1 and about 10 hr'. Typically, the molar ratio of benzene
to alkylating agent is from about 1 to about 50, for example from about 2 to about
10.

[0047] The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, ie., free from intentional

admixture or dilution with other material, or they can be brought into contact with



from2:1 to 3.5:1, nost preferably from2.5:1 to 3.2:1. [0043] The

al kyl ation catalyst used in the present process is a crystalline nolecular
sieve material having an X-ray diffraction pattern including d-spacing

maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrom The X-ray
diffraction data used to characterize thel2raterial are obtained by standard
-11- techniques using the K-al pha doubl et of copper as the incident
radiation and a diffractoneter equipped with a scintillation counter and

associ at ed |l ectio t 0044 | s ;havi ng said
X-ray diffr glget”?eé)trlll?ep%%@g?tnc gl}peo%lsflc?rl%e‘fﬂiﬂﬁes érlé gr r e% els nﬁug%tglsg?h S eves of

the MCM 22 ffamdxaynphd) ydidgen Benildopér?2 (described in U S. Patent No
4,954, 325), PSH-3 (described in U S Patent No. 4,439,409). SSZ-
(descr | bed i[0048] s, “Bsingthe saalysts dowsribed sboverisis fquad dhatithedikylatien, Ftébean

(desori bea it igsess, ol AEREH RERAH, sec i B s BuB ot 6

(descri bed iparticulaB. it Rafemd thix. the,s26BuRbéhzeny(Prbdited desmalipechtiins lésS. Pat ent
No. 5, 236, 57 5 desc . Pate 362, 697 /M- 8
(descri bed |l|"‘f2“d)§ Wit7p, t60érﬁe<ama S?éhalbéjd)wt/aﬂﬂl%%?tl\tgﬁseg‘ap%%b‘ft%P 045] The

al kyl ation Gafalyistn &fcndrnfe!rtqqﬁ 1%&?“[1{9' CYURIis SRy CadvintiPRAN beBlusc

sel f-bound form’or, ernatlve nol ecu si eve can be co |ned in a
convent i onaloxrdanmepf wd—butglhemmndm dffactbdrby thclanesam:eajfum batylbsuzne tahdit t he

final al kyl at.i cat al yst . copt ai ns, bet we 0 Wt%sie 0046] The
Al Kyl at Lon 55 OREETEREY AT BHIL RHORIET M N GeeES PECKTE SR T o | 't he
al kyl at abl e ianeRRds &c&APPWIY, ANMRe iRSvalikil-ahd RGdagent, are brought into
contact with an alkylation catalyst in a suitable reaction zone such as, for

exanpl e, i rf0@49]| O\AAitb@Mghorthc:omH(alahomgstapf isx duighde d selectivise towards ysec-
conposition in a at ti tion reacta r eff.ective

al kyl ati on (PSFW?W‘BI}?S&I éﬁﬁe @W@ati"‘ﬁc‘f? g‘ nm{ élr?ﬂgg@f EEABEOPE om about
60C to abouty ogk‘aﬁ@latéd)bh afion Qﬂ&m@&o a8 AUt asl OReaaedl anhedtlc REPGnd @

pressure of 7000 kPa or |ess, for ] _
the desired monoalkylated species. The unreacted aromatic feed is normally

recovered by distillation and recycled to the alkylation reactor. The bottoms from
the benzene distillation are further distilled to separate monoalkylated product
from any polyalkylated oligomerization products and other heavies. Depending
on the amount of polyalkylated oligomerization products present in the alkylation
reaction effluent, it may be desirable to transalkylate the polyalkylated
oligomerization products with additional benzene to maximize the production of
the desired monoalkylated species.

[0050] Transalkylation with additional benzene is typically effected in a
transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as an MCM-22 family catalyst, zeolite beta, MCM-
68 (see U.S. Patent No. 6,014,018), zeolite Y and mordenite. The transalkylation
reaction is typically conducted under at least partial liquid phase conditions, which
suitably include a temperature of 100 to 300°C, a pressure of 1000 to 7000 kPa, a
weight hourly space velocity of 1 to 50 hr' on total feed, and a
benzene/polyalkylated benzene weight ratio of 1 to 10.

[0051] When the polyalkylated aromatics are polyethylbenzenes and are
reacted with benzene to produce ethylbenzene, the transalkylation conditions

preferably include a temperature of 220 to 260°C, a pressure of 2000 to 3000 kPa, a



exanpl e from about 1000 to about 3500 kPa, and a wei ght hourly space
velocity (WHSV) based on C4 al kyl ating agent of between about 0.1 and about
50 hr"', for exanple between about 1 and about 10 hf'. Typically, the nolar
rati o of benzene to alkylating agent is fromabout 1 to about 50, for
exanple fromabout 2 to about 10. [0047]13The reactants can be in either the
vapor phase or partially or conpletely in the |iquid phase and can be neat,
i.e., free fromintentional adm xture or dilution with other material, or

t hey can be pr. hi. 41N comnt act -wi - t-he zealite | yst. conposition
with the ai dvp %gM glé)ﬁnr‘l?/ gbgcﬁavs?gosc% rOf itH}Se% té%aé&‘%% %g?ben?eonreﬁg[g%w&fr 1;c}dr ogen or
nitrogen. [ Q@48llioldsi.ng the catal ysts descri bed above, it is found that the
al kyl ation step of the process of the invention is highly selective to
sec-butyl benzene. In particular, it is found that the sec-butyl benzene

produced norgml £ I . than 0.5 % for exanple, less than 0.1
wt % such as eﬁslgtytﬁgé]&bl.gg)s‘hgwﬁzn of isobutyl benzene or tert-butyl benzene.

Thi s is ver)088Rjant d§ecesondoetepuiacthe oprestat iposcesd imedvdsudyitlitemz ehecd-s
affected by th resence of iso-butyl benzene and ter-butyl benzene: a

Signi ficant WEbETFER 16t tee COBGRMEDS, BHIOBERS s ¢ RGP IBRGLPY | e
exceed 0.7 Whth@lcidd s s8freRUoklRRRZ 8RS sh@Psk ait ARG 1iQhil akkyl ation
step is highly secl1 eé(;'ti VE eovvar S fs?geg ’Sut y?sbzielrl’zene, 1@#;}21?%‘%%&?@:1@%”] t he
al kyl ati on rtbastd-butylbehdennoMiralréagticn narabs peforeredpjo theadtsghet efch catalyst

ol i goneri zat,i on products, as wel g, ynr eac matj ¢ feed and ¢the
desired non @I%‘?‘@ & Jhg ader ?hglf?{jﬁ%'gc?teésgﬁg%gi E:{_qcoegﬂg? PISVRI |y
recovered bYnfhrStendnid MR reftdionaaiecal betadhich@l BY b¥dfehiing ikeaaliflon ikhe
bottonms from the benzene distillation are further distilled to separate

nmonoal kyl at dle presaugst of # cotalyshysugblay @l Wetenselyblel dhglate epmpeunshinpwbighct s and

h h i €S, 1. i h f | yal kyl d ali ' '
or oduct s pr dSEERRE KB Bt bRaRiRah 1 1sRT o it o O IREES, 20

to transal kythaiganédeecdppkd, ah oAt @de UK. iIFA@MENZAD1 D2 §Y. odugetsefetably, addi ti onal
benzene to maxi m ze the production_ of

heterogeneous catalyst is used. Suitable heterogeneous catalysts are described in
U.S. Patent No. 5,183,945, wherein the catalyst is an oxo (hydroxo) bridged
tetranuclear manganese complex and in U.S. Patent No. 5,922,920, wherein the
catalyst comprises an oxo (hydroxo) bridged tetranuclear metal complex having a
mixed metal core, one metal of the core being a divalent metal selected from Zn,
Cu, Fe, Co, Ni, Mn and mixtures thereof and another metal being a trivalent metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof.

[0053] Other suitable catalysts for the sec-butylbenzene oxidation step are the
N-hydroxy substituted cyclic imides described in Published U.S. Patent
Application No. 2003/0083527 such as N-hydroxyphthalimide, 4-amino-N-
hydroxyphthalimide, 3-amino-N-hydroxyphthalimide, tetrabromo-N-
hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide, N-hydroxyhetimide, N-
hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-1,2,4-
tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-
dihydroxy(benzophenone-3,3',4,4'-tetracarboxylic diimide), N-hydroxymaleimide,
pyridine-2,3-dicarboximide, N-hydroxysuccinimide, N-hydroxy(tartaric imide),
N-hydroxy-5-norbornene-2,3-dicarboximide, ex0-N-hydroxy-7-
oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-hydroxy-cis-cyclohexane-1,2-

dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2 dicarboximide, N-



t he desired nonoal kyl ated species. [0050] Transal kyl ation with additional
benzene is typically effected in a transal kylation reactor, separate from
the al kylation reactor, over a suitable transalkylation catalyst, such as
an MCM 22 fam |y catal yst, zeolite beta, MCM 68 (see U.S. Patent No.
6,014, 018), zeolite Y and nordenite. The -tiIdansal kyl ation reaction is
typically conducted under at |east partial |iquid phase conditions, which
suitably include a tenperature of 100 to 300C, a pressure of 1000 to 7000

kPa, a weig hour | vel ocit f 1 hr" . on tot.al, feed,, and a
benzene/ pol yg‘&%??% agéﬂ%@ﬁ@%ﬂescﬁ% ht2t afl okgl?y%%’fyéo'fﬁpzepﬁ SYRIQRIde; he
pol yal kyl at eqhageofiterials edre b AUsyEehikidrbgoze 8esn ahe padsence’ 606t ek wididal benzene

to produce ethyl benzene, the transal kylation conditions preferablg i ncl ude
a tenper at ur énibgtop 2pdt eanp e sed, agr bguithpbasst hegmgeRewUs 0BG Or can BB wei ght

hourly space ] . on..t: ne/ PEB wei ght ratio
of 1:1 to 6: f“ﬁggtghééta;% h%g%rglggté) %ﬁ'@%? :1’8{8?0%%8@‘% cgﬁ([js g‘econd step in the
present proc ¢S4 nvoduiasbleoxdnditidng fop thesee-bublbenzbenacidatidrositf énodider £spondi ng
hydr oper oxi de and is acconplished by _introducing an oxygen-contai ni ng gas,

such as air, GTRREEAEIS behueen pbrikd Ve rndiahPH 200 heSusBEsAbOYt BTz Entboutrhe
. . ; ¢ h
reaction can E@’d{}%{i%gggggfeﬂg’a%%ﬁ%%&f‘?@maa(gcﬂoai(%’ ;ﬁnqsﬁ%%r(e)%)? AShaw (of the

order of <1% hour a psi g) pressure ement In the
reacti on rat éufferingegadt hhay bd dddep ér freactriwith sdidic oxi-ptluctn that mahdonmr esence

of a catalyst, .such as, a water-soluble chelate conpound in i ch

mul ti dent at e s R HEoBo bt a#ﬁt_acerban@suw Phe e mpdroet Shick st ¢

ni ckel, ManGaipC Aksol¢@ PRl o ol RN subfPeR sbdumPak®Bhado- "Ffleoﬂa&'»[?a%@- Mor e
preferably, a heterogeneous catalyst is used. Suitable heterogeneous

cat al ysts ar ecmhession lvethei oxidafioB. stiaiseprefenhly KefiSixlow50%terminmmizaghe at al yst

is an oxo (hydroxo ri dged  tetranuclear nganese conplex and jn U S
pat ont No. | o1gmigh e BRERURS (HE ORI SITEE T £ SO IR BRIk o)
bri dged tetrapuRtieaistiRiish ubRHRaKe REbiYIbdnzene hydroperoxide produced may

be concentrated by distilling off the unreacted sec-butylbenzene prior to the

cleavage step.

Hydroperoxide Cleavage

[0055] The third step in the present process involves cleavage of the sec-
butylbenzene hydroperoxide to produce the desired phenol and methyl ethyl
ketone. The cleavage reaction is effected by contacting the sec-butylbenzene
hydroperoxide with a catalyst in the liquid phase at a temperature of about 20°C to
about 150°C, such as about 40°C to about 120°C, a pressure of about 50 to about
2500 kPa, such as about 100 to about 1000 kPa and a liquid hourly space velocity
(LHSV) based on the hydroperoxide of about 0.1 to about 100 hr'!, preferably
about 1 to about 50 hr'. The sec-butylbenzene hydroperoxide is preferably
diluted in an organic solvent inert to the cleavage reaction, such as methyl ethyl
ketone, phenol or sec-butylbenzene, to assist in heat removal. The cleavage
reaction is conveniently conducted in a catalytic distillation unit.

[0056] The catalyst employed in the cleavage step can be a homogeneous
catalyst or a heterogeneous catalyst.

[0057} Suitable homogeneous cleavage catalysts include sulfuric acid,

perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.



m xed nmetal core, one netal of the core being a divalent netal selected from
Zn, Cu, Fe, Co, Ni, M and m xtures thereof and another netal being a
trivalent netal selected fromliIn, Fe, M, Ga, Al and m xtures thereof.
100531 Ot her suitable catalysts for the sec-butyl benzene oxidation step are
the N-hydroxy substituted cyclic imdes-tescribed in Published U S. Patent
Application No. 2003/0083527 such as N-hydroxyphthalim de, 4-am no-N

hydr oxypht hal i m de, 3-am no- N-hydroxypht hal i m de, tetrabronmo-N

hydr oxypht hal | @ trachl oro- N-hydroxy limd N-hydroxyhetim de, N
hydr oxyhi i ?néeé‘faﬂ %ﬁ‘ﬁ@ 9 Pl %1“@%‘ Hﬁt"&%d?@ﬁﬁg‘ﬁrz rpAaE o
tricarboxi meffectiiN hbmogdhsai X RgE @BRlysist i Thedirtfetde hom¥gbheous cleavage

di hydr oxy(benzophenone-3,3' ,4,4' -tetracarboxylic diimde),

N- hydr oxy nal @{3siés sullyiie pgidne- 2, 3- di car boxi mi de, N hydr oxysucci ni ni de,

exo N hytr o0l o, A bAe X PalDlc RICAG fr AilhaapRibes

N- hydr oxy- cilasgbelzehe xaydrofer@xideli mahddexi ani sheectite clay, such as an acidic

N- hydr oxy- ci s-4-cycl ohexene- 1, 2 di.carboxi m dﬁ?ﬂ' N -14- hydr oxiqna&ht hal i m de
sodi um sal t BPNREIaRS Sliga-plupuenelay.as dptaiedinge.S. Pricasonhdéhbibl s can be

used ei ther u@ggyge Ot ol f1Finp S RAPIE oft %iaeﬁ FRAUGAHIGE burgodd drl gy néind can be

used as liq hase, honpbgeheous” catal ysts or can upported on a solid
carrier to pimiildscaphefthe agengaus catal yst. [0054] Suitable conditions for
t he sec-butyl benzene oxidation step include a tenperature between about 70C
and about 200C, such as about 90C to about 130C, and a pressure of about 50

to 1000 kPa gfhmpleq: Sec-ButPbeRiRheSYnthesiPasing MENM-LEri ng agent may be added
to react with acidic by-products that may form during the oxidation. In

addi tion, ar(086fleouss Phagremnsamie of rnr MENMEa, catdiyst H6& avt% MCM-M/3%%61 ve basic
oxi dat i on’ stAEMITE HRGRALT JooRot e U aBoh of SERkenf v BHGS 4 ol on of
byproducts. cEhgys@Xidahi RO f6@R6F a0N6i CIPNYe [iAndtby cyaduslt 8@ridRtedandcat al ytic
distillation unit and the sec-butyl benzene hydroperoxi de produced may

was diluted with sand to 3 cc and loaded into ‘an isothermal, down-flow, fixed-

bed, tubular reactor having an outside diameter of 4.76mm (3/16). The catalyst

was dried at 125°C and 1 atm with 100 cc/min flowing nitrogen for 2 hours. The

nitrogen was turned off and benzene was fed to the reactor at 60 cc/hr for 1 hour

and then reduced to desired WHSV while the reactor pressure was increased to

2170 kPa (300 psig). 2-butene (mixture of cis and trans) was introduced from a

syringe pump at a 3:1 benzene/butene molar ratio and the reactor temperature was

ramped to 160°C at 5°C/min. Liquid product was collected in a cold-trap and

analyzed off line. Butene conversion was determined by measuring unreacted

butene relative to feed butene. Stable operation with 95%+ butene conversion

was obtained at butene flow rate of 1.5 WHSV. Catalyst performance at 10 and

13 days on stream are shown in Table 2.

Example 2: Sec-Butylbenzene synthesis using zeolite beta



be concentrated by distilling off the unreacted sec-butyl benzene prior to
the cleavage step. Hydroperoxi de C eavage [0055] The third step in the
present process involves cl eavage of the sec- butyl benzene hydroperoxi de to
produce the desired phenol and nethyl ethyl ketone. The cl eavage reaction
is effected by contacting the sec-butyl befizene hydroperoxide with a
catalyst in the liquid phase at a tenperature of about 20C to about 150C,
such as about 40C to about 120C, a pressure of about 50 to about 2500 kPa,

such as abo 0 ta aho 1 kPa and_a liguid haurl velocity
(LHSV) bas egb%éﬁt he?%‘ilgrrog S&"&%?‘&%‘ pgef ?gb%ae[pe t%lb{’ltowgﬁct)}ﬁ%\@%\%gﬁrca, al)bsﬁef erably
about 1 to adbidtrepRcdd by 0TH@ns6f adblyte tRbz englyity@soper deiad®s% aukiah er abl y
diluted in an organic solvent inert to the cleavage reaction, such as nethyl

ethyl ket obédephagyn with sheccatalyst bring knthe fogmafsd 41omm (hd4t) diemsteal . The

cl eavage reagt s i e Y, ed {n i L.shi]Lation
unit. [ 0056??%‘%&@5{3 gﬁryﬁ/%?é{e%ﬁ%g%op eﬁﬁgﬁﬁ%&cﬁe%v%ggﬁg% g%y&cgﬁ ngga{é Jﬁ%)m)geneous
cat al yst or shoheireTaijeBeous catal yst. [0057] Suitabl e honbgeneous cl eavage
catal ysts include sulfuric acid, perchloric acid, phosphoric acid,

hydrochl oric acid and p-tol uenesulfonic acid. - 15 Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are also effective
honbgeneous cl eavage catal ysts. The preferred honbgeneous cl eavage catal yst
is sulfuric acid [0058] A suitable heterogeneous catalyst for use in the

cl eavage of sec- butyl benzene hydroperoxide includes a snectite clay, such
as an acidic nontnorillonite silica-alumna clay, as described in U S

Pat ent No. 4,870,217. [0059] The follow ng exanples are given for
illustrative purposes and do not limt the scope of the invention: Exanple
1: Sec-Butyl benzene synthesis using MCM 22 [0060] A 0.5 gram sanple of an
MCM 22 catal yst (65 w % MCM 22/ 35%




al um na binder) was used for the al kylation of benzene with butene-2. The
catalyst was in the formof a 1.6mm (1/16") dianeter cylindrical extrudate
"and was diluted with sand to 3 cc and | oaded into an isothernmal, down-flow,
fixed- bed, tUBUWPHEHSHeactor having an gutside dianeter B¢T’B,P3‘7‘l§f‘99ﬁ5§73/ 16").

The catalyst was dried at 125C and 1 Htmwth 100 cc/nmin flow ng nitrogen
for 2 hours. The nitrogen was turned off and benzene was fed to the reactor
at 60 cc/hr for 1 hour and then reduced to desired WHSV while the reactor
pressure was increased to 2170 kPa (300 psig). 2-butene (m xture of cis and
trans) was introduced froma syringe punp at a 3:1 benzene/ butene nol ar
ratio and the reactor tenperature was ranped to 160C at 5C mn. Liquid
product was collected in a cold-trap and analyzed off |ine. Butene
conversion was determ ned by nmeasuring unreacted butene relative to feed
but ene. Stable operation with 95% butene conversion was obtained at butene
flowrate of 1.5 WHSV. Catal yst performance at 10 and 13 days on stream are

shown in Table 2, Exanple 2: Sec-Butyl benzene synthesis using zeolite beta
-16- [0061] The process of Exanple 1élvas r?é)eatced but_wi thtthe MCM 22
catal yst being fepmaged ﬁ)y"(ﬁ&ﬁn@f & Ze |$egbet‘:a$§%agta(65 wt %
bet a/ 35% al umi ha| bi nter)* agai WTWt%é”c‘at%Ivst Pt iy S A the formof a
1.6mm (1/16") dianmeter| cylindrical extrudate. Catalyst perfo?mance at 1, 3
and 5 days on gEreamare shown in Table 2. WD 2D06/ 015826 RGJ/ EP2005/ 008557
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[0062] Data in Table 2 show that MCM-22 catalyst was highly active and
selective for the production of sec-butylbenzene without producing a measurable
quantity of iso-butylbenzene and very low quantities of tert-butylbenzene.
MCM-22 was also quite stable with no sign of deactivation during the 13-day test
cycle. Zeolite beta showed good initial activity. Although it deactivated rapidly
as a result of butene oligomer formation, zeolite beta produced sec-butylbenzene
without producing measurable quantities of iso-butylbenzene. Zeolite beta
produced low quantities of tert-butylbenzene, albeit not as low as MCM-22.
When compared at 95+% conversion, MCM-22 was about 8% more selective than

zeolite beta for sec-butylbenzene production.

Example 3: Sec-Butylbenzene synthesis using MCM-22

[0063] A 1.0 gram sample of the same MCM-22 catalyst (65 % MCM-22/35%
alumina binder) as used in Example 1 was used for the alkylation of benzene with
2-butene. The catalyst was in the form of a 1.6 mm (1/16") diameter cylindrical
extrudate, chopped to 1.6 mm (1/16") length, and was diluted with sand to 3 cc
and loaded into an isothermal, down-flow, fixed-bed, tubular reactor having an
outside diameter of 4.76mm (3/16). The catalyst was dried at 150°C and 1 atm
with 100 cc/min flowing nitrogen for 2 hours. The nitrogen was turned off and
benzene was fed to the reactor at 60 cc/hr for 1 hour and then reduced to desired
WHSV while the reactor pressure was increased to 2170 kPa (300 psig). Butene
feed (57.1% cis-butene, 37.8% trans-butene, 2.5% n-butane, 0.8% isobutene and
1-butene, and 1.8% others) was introduced from a syringe pump at a 3:1
benzene/butene molar ratio, and this ratio was kept constant for the entire run.
The reactor temperature was ramped to 160°C at 2°C/min. Liquid products were
collected at reactor conditions of 160°C and 2170 kPa (300 psig) in a cold-trap
and analyzed off line. 2-Butene conversion was determined by measuring

unreacted 2-butene relative to feed 2-butene.
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h -18- [0062] Data in Table 2 show that MCM 22 catal yst was highly active
and selective for the production of sec-hgtyl benzene w t hout producing a
measurabl e quantity of iso-butyl benzene and very | ow quantities of
tert-butyl benzene. MM 22 was also quite stable with no sign of
deactivation during the 13-day test cycle. Zeolite beta showed good initial
activity. A thoggdait ORastadywaledod aprksl ¥r 4 @8yAatl €6 WHS WO butk@neitol | goner
formation, zeolite geta produced sec- but benzeng‘}mjthout E%%ducing

measur abl e quant/i't #84eRt CPEESIBY A faBe it Acn d H2eBith PYo 5eR S iqSy BAUL S8 | ow

quantities of tent-Wusyl DeNZEN onsdlsPal indTellovdsl dyaias aMeMhi2ds wrthen conpar ed
at 95+% conversi on, MCM 22 was about 8% npbre selective than zeolite beta

for sec-butyl beWdeHde prariioni O, degslixpion avas detegied dyging thseld A8 desk Gitehesi s usi ng
MCM 22 [ 0063] ArebrleBstARusanRlsgowf inthiglesane MCM 22 catal yst (65 % MCM 22/ 35%
al um na binder) as used in Exanple 1 was used for the al kylation of benzene
wth 2-butene. The catalyst was in the formof a 1.6 nm (1/16") dianeter
cylindrical extrudate, chopped to 1.6 nm (1/16") length, and was dil uted
with sand to 3 Bempld SegRastbquaens supthpdorshe sohd Phersipcs 1SSPH) xed- bed,
tubul ar reactor having an outside diameter of 4.76nm (3/16"). The catal yst
was dried at 190¢55nd Hregrasess of Example 3 was repeated but with the MCM-22 catalyst

being replaced by 1.6 gm of a solid phosphoric acid (SPA catalyst, commercially
available from UOP). The catalyst was sized to 14-24 mesh and loaded to the
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reactor in a glove bag with nitrogen purge. Representative data are shown in

Table 3.



with 100 cc/mn flowing nitrogen for 2 hours. The nitrogen was turned off
and benzene was fed to the reactor at 60 cc/hr for 1 hour and then reduced
to desired WHSV while the reactor pressure was increased to 2170 kPa (300
psi g). Butend O 18EYS57. 1% ci s- but ene, 37. 8% t r ans- but eP@/ER0GMeISDUL ane,
0.8% i sobutene and 1-butene, and 1. 80/8 ot hers) was introduced froma syringe
punp at a 3:1 benzene/butene nolar ratio, and this ratio was kept constant
for the entire run. The reactor tenperature was ranped to 160C at 2C/ m n.
Liquid products were collected at reactor conditions of 160C and 2170 kPa
(300 psig) in a cold-trap and analyzed off line. 2-Butene conversion was
determ ned by neasuring unreacted 2-butene relative to feed 2-butene. WO
2006/ 015826 PCP/ EP2005/ 008557 -19 [00641 The catal yst was on streamfor 4
days at 1.6 WHSV of butene with 97% 2-butene conversion, 2 days at 4.8 VWHSV
wi th 95% conversion, then 1 day at 7.2 WHSV with 86% conversion, and

foll owed by 4 days,again at 1.6 WHSV with 97%con/ersion No deacti vati on
was detected durf ngxthe: |1 Izday teste ﬁear&rer&@l@/e; ta are shown
in Table 3. Exanpl pi47 Bec-But W Bedz8 §w1tfh§sbsausmgo gold & phosphoric
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| oaded to the rieattor iln a gl ové Bag Wit W ni fr6geh purge” Repfesent ative
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selective, and stable than the SPA catalyst. When compared at 80-86%
conversion, MCM-22 is at least 7-times more active than the SPA. MCM-22 is
also highly selective for sec-butylbenzene production with much lower tendency
than SPA to form butene oligomers. MCM-22 was stable during the 11-day test
cycle without any indication of deactivation. Sec-butylbenzene purity is also
superior with the MCM-22 catalyst. SPA was active for this reaction but
deactivated rapidly with time on stream. Its overall performance was poor

compared to the performance of MCM-22.

Example 5: Sec-butylbenzene synthesis using MCM-49

The process of Example 3 was repeated but with the MCM-22 catalyst replaced
by a) 0.5 gm of MCM-49-A, b) 0.6 gm of MCM-49-B, and c) 0.5 gm of MCM-
49-C. The catalyst information and experimental sequence for each run are

provided below:

MCM-49-A; 1.27 mm (1/20") quadrulobe extrudate with 80% MCM-49/20%
alumina binder, cut to 1.27 mm (1/20") length. The catalyst was on stream for 6
days at 3.2 WHSYV of butene with 96% 2-butene conversion, 0.8 days at 9.6
WHSV with 88 % conversion, 0.6 day at 14.4 WHSV with 85% conversion, and
followed by 3 days at 3.2 WHSYV again with 95 % conversion.

MCM-49-B: 1.27 mm (1/20") quadrulobe extrudate with 60 % MCM-49/40%
Versal 200 alumina binder, cut to 1.27 mm (1/20") length. The catalyst was on
stream for 4 days at 2.7 WHSV of butene with 98% conversion, 1 day at § WHSV
with 97 % conversion, 0.5 days at 12 WHSV with 93% conversion, 1.6 days at 2.7
WHSYV with 98% conversion, 0.3 days at 19.2 WHSV with 86% conversion, and
followed by 0.7 days at 2.7 WHSV again with 98 % conversion.

MCM-49-C: 1.27 mm (1/20"} quadrulobe extrudate with 80 % MCM-49/20 %
alumina binder, cut to 1.27 mm (1/20") length. The MCM-49 crystal was jet-
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22 Ug a] Nw W-21- [00661 Data in Tabl€23- show that the MCM 22 cat al yst
was nmuch nore active, selective, and stable than the SPA catal yst. Wen
conpared at 80-86% conversion, MCM22 is at |least 7-times nore active than
the SPA. MCM 22 is also highly selective for sec-butyl benzene production

Wi th much | Qﬂ‘ﬂ%dbﬂﬂ%r&Ymsnbﬁ%thsﬁtﬁnﬁﬁ (3&'1\@11@1‘&1%5‘%%@%&6&‘%0%& Mpdhi22 was

stable during the 11-day test cycle wthout™ any Tnhdication of deactivation.
Sec- but yl beﬂwembblpgmndl yolhémglth@n egabpehdrdhrongh hlowting Mgmspaedsjat sttepmt . SPA was

active for thlﬁ%ﬁactlon gactlvatedlra dh%/vmth ms.q stream Its
overal | per 8t gmsq¥erg ces(‘? %3?18&1’%2?% b9 ¢ 22. Exanpl e

5: Sec- but yIbRas@nfampsh MBS atdldt Rehs MeMrddn for 5 days at 3.2 WHSV of butene
with 98% 2-butene conversion, 1.1 days at 9.6 WHSV with 97 % conversion, 4
day at 3.2 WHSV with 98% conversion, 0.4 days at 23 WHSV with 8% %
conversion, and followed by 3 days at 3.2 WHSV again with 98 % conversion.

Representative data are shown in Table 4. The data in Table 4 shows that MCM-
49 catalysts are much more active, selective and stable than solid phosphoric acid

in catalyzing the formation of sec-butylbenzene from benzene and ethylene.



The process of Exanple 3 was repeated but with the MCM 22 catal yst repl aced
by a) 0.5 gmof MCM49-A b) 0.6 gmof MCM49-B, and c) 0.5 gmof MCM 49-C
"The catalyst information and experinental sequence for each run are

provi ded bel 3 208184%239- A: 1.27 mm (1/20") quadrul obe extSHEFANERFYh 80%
MCM 49/ 20% al uni na binder, cut to 1.2%7 mm (1/20") length. The catal yst was
on streamfor 6 days at 3. 2 WHSV of butene with 96% 2- but ene conver si on,
0.8 days at 9.6 WHSV with 88 % conversion, 0.6 day at 14.4 VWHSV with 85%
conversion, and followed by 3 days at 3.2 WHSV again with 95 % conversi on.
MCM 49-B: 1.27 mm (1/20") quadrul obe extrudate with 60 % MCM 49/ 40% Ver sal
200 alum na binder, cut to 1.27 mm (1/20") length. The catal yst was on
stream for 4 days at 2.7 WHSV of butene with 98% conversion, 1 day at 8 WHSV
with 97 % conversion, 0.5 days at 12 WHSV with 93% conversion, 1.6 days at

2.7 WHSV with 98%gdonvers$ion, 0.3 days at 19.2 WHSV with 86% cbnversi on,
and followed by 03%1.-days}atas2e % WHRV sagaking W th D& 1% gogversison. MCM 49-C
1.27 mm (1/20") quilfuRobe extd uflat & & Eh=8D 6MAVE49/ 205% 2U%mi na bi nder,
cut to 1.27 mm (1/{20") lepgth. The MCM 49 crystal wds jet -22- milled prior
to extrusion with jallum na;(Jet MIIl grinds aggregated zeolite crystal by
rubbi ng and col i dig,'{ng t,hem each pther theungLQ;\Mong talghospec_e ’get stream
emtted from sever|a|~peeges Bf 2 ¥ i*ndj @ggnbzglﬁy igntEg tEe@n&t@r alZ | ayer in
the grinding chantsar). The catal yst was on stream flor 5 days alt B.2 WHSV of
butene wth 98% 2-Qut ene{conversion, 1.1 days at 9./6 WHSV wi th 9}1:7 %
conversion, 4 daydt 3.2 VWHSV wnthN98% cgnversion, 0.4 days_at| 28 WHSV with
89:% conversion, |and Eofl oveds by &3 dy§ at= 3 2 SV a dakn? wi th % %
codversion. RepredintativVve data ar € Shdwh Tn” Tabl € 4. “Thed datd i® Table 4
shows that MCM 49 datalysts are-nmuch nore active, selective and table than
solid phosphoric a%i d inicatalyzing the formation df sec-butylbehzene from
benzene and et hyl eifgs \ﬁ[}z%O@/@lﬁB@@ BCE EPR20PS Q0gB578 £ £ 8 3| €
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feed.

[0067) A 1.0 gram sample of the same MCM-22 catalyst (65 % MCM-22/35%
ahnnina binder) as used in Example 1 was used for the alkylation of benzene with
a butene feed. The process of Example 3 was repeated but with the feed being
replaced by a new feed with the following composition: 53.4% cis-butene, 41.2%
trans-butene, 4.6% isobutene, 0.5% butadiene, 0.1% n-butane and 0.2% others:
[0068] The catalyst was on stream for 6 days at 1.6 WHSYV of butene with
98% 2-butene conversion, 1 day at 4.8 WHSV with 80% conversion, 1 day at 7.2
WHSYV with 62% conversion, then followed by 4 days again at 1.6 WHSV with

97% conversion. Representative data are shown in Table 5 below.
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-24 Exanple 6: Sec-Butyl benzene synthesis using MCM 22 and m xed but ene

f eed.

OomDOW x

[0067] A 1.0 gram sanple of the same MCM 22 catal yst (65 % MCM 22/ 35%

al um na binder) as used in Exanple 1 was used for the al kylation of benzene
a butene feed. The process of Exanple 3 was repeated but with the feed

W th

53. 4%
0.1%

repl aced by a new feed with the foll ow ng conposition:
41. 2%

bei ng
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0. 5% but adi ene,

4. 6% i sobut ene,
[ 0068] The catal yst was on streamfor 6 days at

t r ans- but ene,

n- but ane and 0.2% ot h

ci s- but ene,
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98% 2- but ene conversion, | day at 4.8 WHSV with 80% conversion, | day at 7.2
VWHSV with 62% conversi on, then followed by 4 days again at 1.6 V\HSV wth

' 97% conver si Qn. resentative data are shown in Table %I OV\{,
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N 1\4%1\9:22 (c)iur(?ng the 12-day test cycle. The presence of 4.6% isobutene in butene
feed resulted less than 2% tert-butylbenzene formation in the combined
butylbenzene fraction after initial lineout. The increased butene oligomer
formation is caused by increased isobutene which oligomerizes more readily than

it undergoes alkylation with benzene,

Example 7: Sec-Butylbenzene synthesis using MCM-22 and mixed butene
feed.

[0070] The procedurs of Example 6 was followed except the MCM-22
catalyst was replaced with 0.5 gm of catalyst MCM-49-B mentioned at Example
5. Catalyst MCM-49-B was on stream for 3 days at 3.2 WHSV of butene with
96% conversion, 0.7 days at 9.6 WHSV with 83 % conversion, and followed by 3
days at 3.2 WHSV again with 95 % conversion. Representative data is given in

Table 6.
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PCT/ EP2005/ 008557 -26- [0069] Data in Table 5 show that the MCM 22 catal yst

was effective for see- butyl benzene production using a 2-butene feed with

4. 6% i sobutene and 0.5% butadi ene. Thiablpresence of 0.5% but adi ene caused no
significant deactivation of MCM22 during the 12-day test cycle. The
presence of 4.6% 2%

tert-butyl benzene raction after

aéfo%t' on in the conbi gd but yg penzene5

initial |ineout. tI“’raeased but ene ol i 'orrer fo’r matl on is caused by
i ncreased i sobut e ¥R :Bli gome aty cad n >4 under goes
al kyl ation with behB¥aC"E¢anpl e 7: Sec Bfu‘tyl benzgéﬁe synt fesi s using MCM 22
and mi xed butene fofdte Conv, % 97.1 67.2 2.8
Butadiene Conv, % 100.0 10G.0 100.0
Product Selectivity, wi%
i-Cy 0.041 0.032 0.028
Cs-Cy 0.527 0.503 0.583
Cy and Cy; (butene oligomers) 7.688 9.732 8.185
"( Cumene 0.128 0.144 0.127
t-Butylbenzene 1.849 0.849 1.240
iso-Butylbenzene* ¢.000 0.008 0.012
sec-Butylbenzene 82.977 84.284 84.720
n-Butylbenzene 0.062 0.059 0.068
Di-butylbenzene 5431 3.878 4.273
Tri-butylbenzene 1.079 0.429 0.629
Heavies 0.218 0,082 0.134
Sum 100.0 100.0 100.0
Butylbenzene Composition, %
t-Butylbenzene 2.179 0.996 1.441
iso-Butylbenzene* 0.060 0.010 0.013
sec-Butylbenzens 97.749 98.925 98.467
n-Butylbenzene 0.073 0.069 0.078
Sum 100.0 100.0 100.0

* Iso-Butythenzene not measurable (could be obscured by sec-butylbenzene given close elution times).



[ 0070] The procedure of Exanple 6 was foll owed except the MCM 22 catal yst
was replaced with 0.5 gm of catalyst MCM 49-B nentioned at Exanple 5.

Cat al yst MCM 49- s on streamfor 3 days at 3.2 WHSV ith 96%
conver si on, &%fogé%?l\%z%t 9.6 WHSV with 83 % conversi on, g%%%gq%{ﬂgs&yd by 3

days at 3.2 WHSV again with 95 % conversion. Representative data is given in
Table 6. WD 2006/ 015826 PCT/ EP20051008557-2827 Table 6 Sanple # 2 5 8 Days
on Stream 2.3 3.2 5.3 Butene WHSV, h"1 3.20 9.60 3.20 2-Butene Conv, %
96.1 83.0 95.5 |Isobutene Conv, % 97.7 67.2 92.8 Butadi ene Conv, % 100.0
100.0 100.0 Product Selectivity, wt%i-C* 0.041 0.032 0.028 C5-C7 0.527
0.503 0.583 CeEandpl€R2SdckRittplhenzohé¢ godmion) 7. 688 9. 732 8.185 Cunene 0. 128

0012 see. ButyleHzondt 8oty s Faf i gkt i G IEREOT66 0 0s0
0.068 D - butyl bengege, SaxASbrgdd 3B ¢ oR ¥3-bulilbhenbare \(Abkioke n®hd ¥R, 429 0. 629
reavies 0.218'0,082 0,134, 5,100, 0,100..9,199,8, “BuLY| benzene, Coyposi ti on %

100°C. Reaction pressure was approximately atmospheric. The air flowrate was

approximately 175 cc/min. Every 45 minutes, a small aliquot of the reaction

mixture was removed from the flask and analyzed by GC. The rate of oxidation

of the sec-butylbenzene in the absence of a catalyst was approximately 0.1% per

hour.

Example 9: Effect of impurities on Sec-Butylbenzene oxidation

[0072] The procedure of Example § was repeated, except known amounts of
iso-butylbenzene and tert-butylbenzene were added to the sec-butylbenzene
feedstream. The results are shown in Figures 1 and 2, that show that, at
concentrations above 0.7 wt%, sec-butylbenzene oxidation is affected by the

presence of iso-butylbenzene or tert-butylbenzene.

Example 9: Sec-Butylbenzene oxidation

[0073] To a 250-mi round bottom flask fitted with a condenser, stirrer and an
air sparger, was charged 75.0 g of sec-butylbenzene (Aldrich) and 0.1 g of a
BaMnQ; catalyst produced according to Preparation 1 of U.S. Patent No.
5,922,920. The flask was heated using a temperaturé-controlled heating mantle.
Reaction temperature was 100°C. Reaclion pressure was approximately
atmospheric. The air flowrate was approximately 175 cc/min. Every 45 minutes,
a small aliquot of the reaction mixture was removed from the flask and analyzed
by GC. The rate of oxidation of the sec-butylbenzene in the presence of the
BaMnQy catalyst was 7 times faster than that of the ron-catalyzed oxidation of

Example 8.

[6074] While the present invention has been described and ilustrated by

reference to particular embodiments, those of ordinary skill in the art will



t-Butyl benzene 2.179 0.996 1.441 iso-Butyl benzene* 0.000 0.010 0.013

sec- Butyl benzene 97. 749 98. 925 98. 467 n-Butyl benzene 0.073 0.069 0.078 Sum
100.0 100.0 100.0 * Iso-Butyl benzene not measurable (c ured by
sec- but yl ben?@A¥s415&n cl ose el ution times). WO 2006/ 0%&@%5%5/‘%5%9

PCT/ EP2005/ 008557 - 28 Exanple 8: Sec-Butyl benzene oxidation 100711 To a
250-nl round bottomflask fitted with a ceBdlenser, stirrer and an air
sparger, was charged 75.0 g of sec-butyl benzene (Al drich). The flask was
heated using a tenperature-controlled heating mantle. Reaction tenperature
was 100C. Reaction pressure was approximtely atnospheric. The air flowate
was appr oxi mat eppreclats that e invenfive leydsdfiseiito waresipnsang metdssaally dusitatedf t he
reaction m xtupe yas:Lemoved, | om Lae At askiand,analyred BY Sadhe rate of
oxi dation of thé“Sec-bu ylrebenZene’ W L he” absence of & “cata y%‘% was

appr oxi mat el y Ochiagifer purpsey of dExamnping 8 truEsdope bt thé presepuinvdniies on

Sec- But yl benzene oxidation [0072] The procedure of Exanple 8 was repeated,
except known anounts of iso-butyl benzene and tert-butyl benzene were added
to the sec-butyl benzene feedstream The results are shown in Figures 1 and
2, that show that, at concentrations above 0.7 W% sec-butyl benzene
oxidation is affected by the presence ofiso-butyl benzene or

tert-butyl benzene. Exanple 9: Sec-Butyl benzene oxidation [0073] To a 250-ml
round bottomflask fitted with a condenser, stirrer and an air sparger, was
charged 75.0 g of sec-butyl benzene (Al drich) and 0.1 g of a BaMO4 catal yst
produced according to Preparation | of U S. Patent No. 5,922,920. The fl ask
was heated using a tenperature-controlled heating mantle. Reaction
terfperature was 100C. Reaction pressure was approxi mately



at nospheric. The air flowate was approximately 175 cc/mn. Every 45

m nutes, a small aliquot of the reaction m xture was renoved fromthe fl ask
and analyzed by GC. The rate of oxidation of the sec-butyl benzene in the
presence of the BaMhO4 catalyst was 7 tinmes faster than that of the
non-cat al yzed oxi dati on of Exanple 8. [0W4] While the present invention
has been described and illustrated by reference to particular enbodi nents,
those of ordinary skill in the art will WO 2006/ 015826 PCTI EP20051008557
-29- appreciate that the invention lends itself to variations not
necessarily df Apjgkrated herein. For this reason, then, reference should be
made solelyToO tne appended clains for purposes of determning the true
scope of the present invention. -30- CLAIMS 1. A process for producing

Feed conpri 91 ng’ BerBes i HOBHHE KRET AQC BRI Lty kel PR pBess ™ ©

condi tions Wbb‘ngﬂgalyst conprising a nol ecul ar sieve having an X-ray
diffraction pattern including d-spacing maxi ma at 12.40.25, 6.90. 15,
3.570.07 and 3. 420. oromagtsmg @:ﬂqed@ommumgé)eanGWWIeaC; alkylating agent U@dfnfpru si ng

B SR P 4R SRR RSB By Bpgce @

hydr oper oxi eavi ng roxi produ

phenol and rigfffaytion %td%yﬂ i6RIdMPEd-spacinfy rﬁﬁﬂﬁﬁ% IEQH:O.QISO@I 9e)Ng, 3.57+0.07 and
sec- butylbenzene rocess conpr|S|n% ﬁl contacting a feed conpri sing
benzene and 3228 Oé{lAéWS PRyfg Pagriiie an Abelalian Riflueni enmprespritect Bigbeazert;cat al yst

conprising a nol | a 1 udi ng
d- spaci ng maxi ma?@:] xgddﬁﬁg tﬂﬁg%ntg'ﬁgge% E%gmggtén@%b%(s %%Jrihé}o 1rﬂgm
t her eby produdi ng an al kyl ation effluent conprising sec- butylbenzene
(c) cleaving the hydroperoxide from (b) to produce phenol and methyl
ethyl ketone.

2, A process for producing sec-butylbenzene, the process comprising (a)
contacting a feed comprising benzene and a C, alkylating agent under alkylation
conditions with catalyst comprising a molecular sieve having an X-ray diffraction
pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07
Angstrom thereby producing an alkylation effluent comprising sec-butylbenzene

containing less than (.12 wt% of isobutylbenzene or tert-butylbenzene.

3. The process of claim 1 or claim 2, wherein said sec-butylbenzene contains less

than 0.5 wt% of isobutylbenzene.

4, The process of claim 3 wherein said sec-butylbenzene contains less than 0.1

wt% of isobutylbenzene.

5. The process of any preceding claim, wherein said sec-butylbenzene contains

less than 0.1 wt% of tert-butylbenzene.

6. The process of claim 5 wherein said sec-butylbenzene contains less than 0.05

wt% of tert-butylbenzene.



containing less than 0.12 w % of isobutyl benzene or tert-butyl benzene. 3.
The process of claiml1 or claim2, wherein said sec-butyl benzene cont ai ns

|l ess than 0.5 wt % of isobutyl benzene. 4. The process of claim3 wherein

sai d sec-butyl benzene contains less than 0.1 w % of isobutyl benzene. 5. The
process of any preceding claim wherein s&id sec-butyl benzene contains |ess
than 0.1 wt % of tert-butyl benzene. 6. The process of claim5 wherein said
sec- butyl benzene contains less than 0.05 w % of tert-butyl benzene. -31 7.
The process of any preceding claim wherein said sec-butyl benzene contains

| ess than 0. wt t t Qﬂféﬁg im?7
wher ei n sai d’ﬁsec Iog%rslzdg% clg%egl M{uggs t arﬁ Sgr.d &@%u&}ﬂ@&f%iééeﬁéntﬁhé
tert-butyl belnssethmOgm%efipmmﬂstsrtbhtyﬁlwzmecedl ng claim wherein said C4

al kylating agent in (a) conprises a linear butene. 10. The process of claim
9, wherein said |inear butene conprises 1l-butene and/or 2-butene. 11. The
process of cf ai mfhe };M@sés@ldr a7 WHIRSH séaatseagu@mm&ec%ni’mﬂmgmmm The
process of any one cl ai s to 11, wherein said linear butene is

cont ai ned i nwige nfbsedar(déltegtbue)dh@nzm® The process of claim 12, wherein said

m xed C4 streamis derived froma steamcracked crude C4 stream conpri sing
the foll owi ng najor conponents: 30 to 85 wt %butadiene 0 to 15wt % C4
acetyl eni cs 9.1 t oT0pibestodiUingNfededingt €laikh wWherSinRuie0s akylfink Agd W (aPo

i sobutene 0 to 10 wt % nor mal - but ane
comprises a linear butene.

10.  The process of claim 9, wherein said linear butene comprises 1-butene and/or
2-butene.
11.  The process of claim 9, wherein said linear butene comprises 2-butene.

12.  The process of any one of claims 9 to 11, wherein said linear butene is

contained in a mixed C,4 stream.

13.  The process of claim 12, wherein said mixed C4 stream is derived from a
steam-cracked crude C,4 stream comprising the following major components:

30 to 85 wt % butadiene
0 to 15 wt % C4 acetylenics
1 to 30 wt % butene-1
1 to 15 wt % butene-2
0 to 30 wt % isobutene
0 to 10 wt % normal-butane
0to 1 wt % iso-butane.

14. The process of claim 12 or claim 13, wherein said mixed Cy4 stream is derived
from a raffinate stream obtained by subjecting a steam-cracked crude C, stream to a
solvent extraction process to remove butadiene, wherein said raffinate stream
comprises the following major components:

0to 2 wt % butadiene
0 to 0.5 wt % C4 acetylenics
20 to 50 wt % butene-1



Otolw %iso-butane. 14. The process of claim12 or claim13, wherein
said mxed C4 streamis derived froma raffinate stream obtai ned by

subj ecting a steamcracked crude C4 streamto a solvent extraction process
to renove butadi ene, wherein said raffinate stream conprises the follow ng
maj or conponents: O to 2 w % butadiene 0320 0.5 wt % C4 acetylenics 20 to
50 wt % butene-1 -32- 10 to 30 Wt % butene-2 0 to 55 wt % i sobutene 0 to 55
wt % normal -butane O to 1 w % i so-butane. 15. The process of claim 12 or
claim 13, wherein said mxed C4 streamis derived froma raffinate stream
obt ai ned by subj eqigiidgoawSk eahepacked crude C4 streamto a hydrogenation
process to renove %%%@k{qﬂ/%a Feﬁgi n said raffinate stream conprises the
fol |l owi ng ngj or cor&gog&PWts,' ¥ %b wt % butadiene 0 to 0.5 wt % C4
acetylenics 50 to 95 9/"1518[;% % to 20 wt % butene-2 0 to 35 W %

i sobutene 0 to 10 \?ﬁto%%/%’éf"- {"8ne 0 to 1 wt %iso-butane. 16. The
process of claim12 or claim 13, wherein said mxed C4 streamis derived

froma raffipate fi 68008 laffd 20¥ cHih) I%CWhQ&irﬁsa?%ﬁﬁQ% EAGkEHh £TddAGe LA

streamto a ‘solvent extraction process td renpve butadi ene and to an
i so- but ene rfeom\aalaffpracec esemm obthimké by sshjcctingad ficmateacked eardecOnyirdase® & he
fol | owi ng maﬂ%; component s: Otolwtc‘l’/obut di ene . .
ydrogenation process to remove butadiene, wherein said raffinate stream comprises
the following major components:

0to 2 wt % butadiene

0to 0.5 wt % C4 acetylenics
50 to 95 wt % butene-1

0 to 20 wt % butene-2

0 to 35 wt % isobutene

0 to 10 wt % normal-butane

0to 1 wt % iso-butane.

16.  The process of claim 12 or claim 13, wherein said mixed Cy4 stream is derived
from a raffinate stream obtained by subjecting a steam-cracked crude C;4 stream to a
solvent extraction process to remove butadiene and to an iso-butene removal process,
wherein said raffinate stream comprises the following major components:

0to 1 wt% butadiene
0 to 0.5 wt % C4 acetylenics
25t0 75 wt % butene-1
15 to 40 wt % butene-2
0to 5 wt% isobutene
0 to 55 wt % normal-butane
0to 2 wt% iso-butane.

17. The process of claim 12 or claim 13, wherein said mixed C4 stream is derived
from a raffinate stream obtained by subjecting a steam-cracked crude C, stream to a
hydrogenation process to remove butadiene and to an iso-butene removal process,
wherein said raffinate stream comprises the following major components:

0to 1 wt% butadiene

0 to 0.5 wt % C4 acetylenics
75to 95 wt % butene-1

0 to 20 wt % butene-2

0to 5 wt% isobutene

0to 10 wt % normal-butane



0to0.5wWm %C4 acetylenics 25 to 75 wt %butene-1 15 to 40 wt % but ene-2
Oto5w %isobutene O to 55 wt % normal -butane 0 to 2 w % i so- but ane.

17. The process of claim 12 or claim 13, wherein said mxed C4 streamis
derived froma raffinate stream obtained by subjecting a steam cracked
crude C4 streamto a hydrogenation proce3s-to renove butadiene and to an

i so-but ene renoval process, wherein said raffinate stream conprises the
foll owi ng nmajor conponents: O to 1 w %butadiene 0 to 0.5 wt % C4
acetylenics 75 to 95 W %butene-1 0 to 20 wt %butene-2 0 to 5 wm %

i sobutene O to 10 gy, %vxonn&l-blsane -33- 0 to 2 wt %iso-butane. 18. The
process of claim12, wherein said mxed C4 streamis a refinery m xed

but ane/ but ene stream 19. The process of claim 18 wherein said refinery

m xed but anel8ut éfte proceamf atainpi 2, seiseréin saidomlixamdi Qg stregnolis & eofienentised 0 to 2
wt % propyl e 0.to 2 wt% propane O to 5 wt % butadiene 5 to 20 wt % butene-1
10 to 50 wtrJG @q%engstrgaqlo 25 W % i sobutene 10 to 45 w % i so-but ane

19.  The process of claim 18 wherein said refinery mixed butane/butene stream
comprises the following major components:

0 to 2 wt% propylene

0 to 2 wt% propane

0to 5 wt% butadiene

5 to 20 wt% butene-1

10 to 50 wt% butene-2
5 to 25 wt% isobutene
10 to 45 wt% iso-butane
5 to 25 wt% n-butane

20. The process of claim 12, wherein said mixed Cy4 stream is derived from a C,4

fraction obtained from an oxygenate to olefin conversion process.

21.  The process of claim 20, wherein said C,; fraction comprises the following
major components:

0to 1 wt% propylene
0to 0.5 wt % propane
0to 1 wt% butadiene
10 to 40 wt % butene-1
50 to 85 wt % butene-2
0to 10 wt % isobutene
0to 10 wt % normal and isobutane.

22. The process of any one of claims 12 to 21, wherein said mixed C4 stream is

produced by combining a plurality of olefinic C4 hydrocarbons or mixtures thereof.

23. The process of any one of claims 12 to 22, wherein said mixed C4 stream is
subjected to at least one of sulfur removal, nitrogen removal, oxygenate removal,

butadiene removal and isobutene removal prior to the contacting (a).



5to 25 wt % n-butane 20. The process of claim 12, wherein said mxed C4
streamis derived froma C4 fraction obtained froman oxygenate to olefin
conversion process. 21. The process of claim20, wherein said C4 fraction
conprises the following najor conmponents: 0 to 1 w %propylene 0 to 0.5
w %propane O to |l w %butadiene 10 t8440 Wt % butene-1 50 to 85 wt %
butene-2 0 to 10 wt % isobutene O to 10 wt % normal and isobutane. 22. The
process of any one of clainms 12 to 21, wherein said mxed C4 streami s
produced by conbining a plurality of olefinic C4 hydrocarbons or m xtures

thereof. 234 Thery HCESR & arf MreQiUendblafnh AvABeih2tht Fedd iri Wi&ohidtisSdieds M xed

C4 streamis subjected to at "I east one of sulfur renoval, "'nitrogen renoval,
oxygenat e r ethwv Q0 ppoutvatirene renoval and i sobutene renoval prior to the
contacting (a). -34- 24. The process of any preceding claim wherein the
feed in (a) conprises less than 1000 ppmwater. 25. The process of claim?24

wherein the feed THe frdtess VMRIASH WRSSinttH@feeddR (PPBmMRESless Han 5D0SHpR 0Cess
of any preceding claim wherein the feed in (a) conprises |less than 100 ppm

sul fur. 27. YWher.process of claim 26 wherein the feed in (a) conprises |ess
than 30 ppm sulfur. 28. The process of any preceding claim wherein the
feed in (a) conprises less than 10 ppmnitrogen. 29. The process of claim

26 wherein tige feHé piocésd)ofCyPpresitng €lafin,t Whdteih BBMeed in (a) comprises less
than 100 ppm sulfur.

27.  The process of claim 26 wherein the feed in (a) comprises less than 30 ppm
sulfur.

28.  The process of any preceding claim, wherein the feed in (a) comprises less

than 10 ppm nitrogen.

29.  The process of claim 26 wherein the feed in (a) comprises less than 1 ppm

nitrogen.

30,  The process of any preceding claim, wherein the catalyst in (a) is selected
from MCM-22, MCM-49 and mixtures thereof.

31.  The process of any one of claims 1 to 29, wherein the molecular sieve in (a) is
selected from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49,
MCM-56, UZM-8, and mixtures thereof.

32.  The process of any preceding claim, wherein said contacting (a) is conducted

under at least partial liquid phase conditions.

33.  The process of any preceding claim, wherein said alkylation conditions

include a temperature of from 60°C to about 260°C, a pressure of 7000 kPa or less,



nitrogen. 30. The process of any preceding claim wherein the catalyst in
(a) is selected from MM 22, MCM 49 and m xtures thereof. 31. The process
of any one of clains 1 to 29, wherein the nolecular sieve in (a) is

sel ected from MCM 22, PSH 3, SSZ-25, ERB-1, ITQ 1, I1TQ 2, MM 36, MM 49,
MCM 56, UZM 8, and mi xtures thereof. 32.-Ihe process of any preceding claim
wherein said contacting (a) is conducted under at |east partial liquid

phase conditions. 33. The process of any preceding claim wherein said

al kyl ati on conditions include a tenperature of from 60C to about 260C, a
pressure of 00 fé‘eﬁaw&"ghi RSGly sphee v%ﬂﬂlt? (Waggvyhght orh@qrawﬁﬁ@csgeﬁﬁbpc' ty
(WHSV) based on C4 al kﬁ i’itl ng agent of "fromO0.1 to a nol ar
ratio of benfrened.i ¢ FAhnl dnd amlg ratigerftbefizenmta Co olkﬁtatlngiagf:ntﬁm drtocfélss of
any preceding claim wherein said alkylation effluent produced in (a)
conpri ses pol ybutyl benzenes and the process further conprises contacting
said pol ybutgyl berzemoseswiot Bn)ngléé&ﬁ@g t1Rink, RehddEif SLIAGEKYRAtiGh dflada prdducad | on
catal yst to produce sec-butyl benzene. 35. The process of claim 34, wherein
the transal kipl(@aksasprisas RplyButythsagsnes ard the pregese firther spraprises spaigeteng faichm

Ve 36, o R AT Fes ity oS o RS Tinghong 67 Rran o (i LT

claim1l and mbfuefsecbalyltenderdco 35 when dependent on claim1l, wherein said
oxidizing (b) is conducted in the presence of a catalyst. 37. The process of
claim 36, wherein said oxidation catalyst is selected from (a) an oxo

(hydr oxo) bridge C I s(P) an
oxo (hydroxo %SdbrldlqdH hﬁ)%g rgﬁg% r{efggr@n‘%t a{m i tﬁ&)%ﬁg\%% cgﬂﬁ{ggggﬁﬁﬁ%ﬁa core,
one net al ofmbllaallmoslevdomlefugechfrdmv&bhmtbanahMrd&ﬁteeUSéﬂ MCAMR2ZNP S, SEé;  Co,

N ol and TS, VG POLrg AERERE! MER, RREURE, VAN, s ARG,

selected fr

thereof.

36.  The process of claim 1 and any of claims 3 to 35 when dependent on claim 1,

wherein said oxidizing (b) is conducted in the presence of a catalyst.

37.  The process of claim 36, wherein said oxidation catalyst is selected from:

(a) an oxo (hydroxo) bridged tetranuclear metal complex comprising
manganese;

(b) an oxo {hydroxo) bridged tetranuclear metal complex having a mixed
metal core, one metal of the core being a divalent metal selected from Zn, Cu, Fe, Co,
Ni, Mn and mixtures thereof and another metal being a trivalent metal selected from
In, Fe, Mn, Ga, Al and mixtures thereof; and

{c) an N-hydroxy substituted cyclic imide either alone or in the presence of a

free radical initiator.

38.  The process of claim 36 or claim 37, wherein said oxidation catalyst is a

heterogeneous catalyst.



In, Fe, Mh, Ga, Al and m xtures thereof; and (c) an N hydroxy substituted
cyclic imde either alone or in the presence of a free radical initiator.
38. The process of claim36 or claim37, wherein said oxidation catalyst is
a heterogeneous catalyst. -36- 39. The process of claim1 and any of clains
3 to 38 when dependent on claim1, wher€itnrthe oxidizing (b) is conducted
at a tenperature of 70C to 200C and a pressure of 50 to 1000 kPa (0.5 to 10
at nospheres). 40. The process of claim1l and any of clains 3 to 39 when
dependent on claim1, wherein the cleaving (c) is conducted in the presence

of a catal ysjf. 43Fhe'|HP§cel§£ 8£8a8n ?fandladl BY #RimyWes 88 WHeRYepdRIRNI d1fclhix 1) S
conducted in the presence of a honbgeneous catal yst. 42. The process of

claim41, whéreedin theapxidiving fenie wodecitdh by s terpparpiuies o6 H°C 100 290°G raed o

sul furic acid, per ri Ld hosphoric,acid, hydrochloric acid, p-

tol uenesulfé’ﬁ?séurﬁc??zg,oo@elﬁpﬁ%bﬁm'gﬁ‘? JQMROPBREEE  ¢1 or i de, sulfur di oxide and
sul fur trioxide. 43. The process of claim4l, wherein said honbgeneous

catal yst conprises sulfuric acid. 44. The process of claim 40, wherein the
cl eavi ng (c)#0i s ddwduesessiof elainmd apd aseat elaind 3 4o AR e geprndant araglainy bt . 45.

The process lergh Bl i NELEaRaLE IR FLOARISPUSRAAI YL cOmPr i ses 2

snectite clay. Ss 0 alm any clarms 3 to 45 when
dependent on claim1l1l, wherein the cleaving (c) is conducted at a
tenperature of 4Q0C to 120C, a pressure of 10Q to 1000 kPa, ,and a liquid
hourly spacélvel ddietrjoqesselglaignd@dvhsicin e clpardnsisd ivsanducisd in the presendsy 1.

the ' presencoiap i ddsg o eaving (o) | s performed in fhe presence
of a catalyst, and
42.  The process of claim 41, wherein said homogeneous catalyst comprises at
least one of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-
toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur

trioxide.

43.  The process of claim 41, wherein said homogencous catalyst comprises

sulfuric acid.

44,  The process of claim 40, wherein the cleaving (¢) is conducted in the presence

of a heterogeneous catalyst.

45,  The process of claim 44, wherein said heterogeneous catalyst comprises a

smectite clay.

46.  The process of claim 1 and any claims 3 to 45 when dependent on claim 1,
wherein the cleaving (c) is conducted at a temperature of 40°C to 120°C, a pressure
of 100 to 1000 kPa, and a liquid hourly space velocity (LHSV) based on the
hydroperoxide of 1to 50 hr

47.  The process according to claim 1 wherein oxidizing (b) is performed in the

presence of a catalyst, and cleaving (c) is performed in the presence of a catalyst, and



-37- wherein each of the catalysts enployed in (a), (b) and (c) is a

het er ogeneous catal yst. 48. The process of claim47, wherein the nol ecul ar
sieve in (a) is selected from MM 22, PSH 3, SSZ-25, ERB-1, ITQIl, I1TQ 2,
MCM 36, MCM 49, MCM 56, and UZM 8, and m xtures thereof. 49. The process of
claim47 or 48, wherein said al kylation eBfluent produced in (a) conprises
pol ybut yl benzenes and the process further conprises contacting said

pol ybut yl benzenes with benzene in the presence of a heterogeneous
transal kyl ati on catalyst to produce sec-butyl benzene. 50. The process of

any precedi ngh&bidldath Yh@k @htdlydts nfiASTcd 3R a)Ofb) bAE (G 99 AGtkFJRBndoR) catal9¥ di Zi ng

(b) and cleaving (c) is effected by catalytic distillation. 51. Thé process
of claiml and any of clainms 3 to 50 when dependent on claim1, wherein

cach of the gontagk! ao(Qor A7 Wb R e BHEANURT i O h3RLETHSS DY
MCM-22, PSH-3, 88Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, and

UZM-8, and mixtures thereof.

49.  The process of claim 47 or 48, wherein said alkylation effluent produced in (a)
comprises polybutylbenzenes and the process further comprises contacting said
polybutylbenzenes with benzene in the presence of a heterogeneous transalkylation

catalyst to produce sec-butylbenzene.

50.  The process of any preceding claim, wherein at least one of the contacting (a),

oxidizing (b) and cleaving (c) is effected by catalytic distillation.

51.  The process of claim 1 and any of claims 3 to 50 when dependent on claim 1,
wherein each of the contacting (a), oxidizing (b) and cleaving (c) is effected by

catalytic distillation.





