PROCESS FOR PRODUCI NG PHENOL AND METHYL ETHYL KETONE CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms the benefit of prior
U. S. proweizoral42zmppl i cation Serial No. 61/104, 294 fil esdcOatsedenskl1 2008
whi ch is hereby incorporated by reference in its entirety. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates to a process for

co- produci ng phenol and nethyl ethyl ketone. BACKGROUND OF THE | NVENTI ON
[ 0003] Phenol and nethyl ethyl ketone are inportant products in the

chemical industry. For epRORIERS R PRODSCHSE PHENGLWWND producti on of

phenolic resins, bisphenol A Qe ST ERETONP! ¢ acl d, al kyl phenol s,
and pl asticizers, whereas nethyl et hyl ketone can be used as a |acquer, a

sol vent and for dewaxing of lubricating oils. [0004] The npbst common route
for the pr&REIS K RENG WO RE R A AT flehydr ogenati on of
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manuf act ur €1894.2%%6filtd Ontobér 10U20PRevhechvis hérelyuihdampiratediby wfdrense oeigrentirety.
acconpl i sh%(ilELBrOI;r% N i&@ gas/liquid extraction. [0005] Currently,

t he nost comm—rvuwrﬁe—producti on of phenol is the Hock process.
This is a fn0eE- stThp ppssacdassention wWatehtot herocess sbr sd-podudivo phasl aldkipktayi on of
benzene w tﬁ ﬁgg&él ene to produce cunene, followed by oxidation of the
cunene to the €6 Fespondi ng hydroperoxi de and then cil eavage of the

hydr opapoxiBAMCKGROUNIDOF EHEINVENTI@OuUNt s of phenol and acetone. However,
the world d for phepol i rgwi ng nore rapidly than that. for acetone.
In additi oﬁ‘,%?ﬂe @BQ‘IOE)B‘FCP W@pji@ﬂﬂ%@}%ga{q WOF?thPﬁ ctp & Hﬁd"?&‘ﬁ@?} indusfryyel y
to increas@or @uanfle, phaeV & ARIMMQirS AR bRgectRh & PRMLBA GesinkNUSsphénoPr DCESS

t hat uses butenes instead of propylene as feed and co-produces nethyl ethyl

ket one r at K&oleeiam. uliRie aé ahay Pl nandiilssteipsriavheraas medw rBYlksione catpbe he

product i on y@fq RAeRGler, 4 QRG] anlitford ®wkAWOr fubddatiRheMO!l and net hyl et hyl
ket one can be co-produced by a variation of the Hock process in which

sec- butlyl bd¥Pdhe The oRPdi PEIMIo ret 4p theeprogutipn befn st ifhat distnexi dy and
the peroxi denJRLemRes o stovdtheidast (SBh)PREN e ARhoBLAY broBhdd IbykRt 208-

catalyzed hydration of butenes. For example, commercial scale SBA manufacture by

reaction of butylene with sulfuric acid has been accomplished for many years via gas/liquid
extraction.

20 [0005] Currently, the most common route for the production 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, the world demand for phenol is growing more rapidly than

25  that for acetone. In addition, the cost of propylene relative to that for butenes is likely to
increase, due to a developing shortage of propylene. Thus, a process that uses butenes
instead of propylene as feed and co-produces methyl ethyl ketone rather than acetone may be
an attractive alternative route to the production of phenol.

[0006] It is known that phenol and methyl ethyl ketone can be co-produced by a variation

30  of the Hock process in which sec-butylbenzene is oxidized to obtain sec-butylbenzene
hydroperoxide and the peroxide decomposed to the desired phenol and methyl ethyl ketone.
An overview of such a process is described in pages 113-241 and 261-263 of Process
Economics Report No. 22B entitled “Phenol”, published by the Stanford Research Institute in
December 1977.



An overview of such a process is described in pages 113-241 and 261-263 of
Process Econom cs Report No. 22B entitled "Phenol", published by the

St anf or d WRosewvaebnstitute i n Decenber 1977.[0007] | n adaiuse@/05i681 i S
known t hat sec-butyl benzene can be produced by al kyl ati ng benzene with

n- but enes over an acid catal yst. For exanple, in our International Patent
Publ i cati on No. W06/ 015826, we have descri bed a process for producing
phenol and nethyl ethyl ketone, in which benzene is initially contacted
with a C al[«imbf_tl N9 88668, HRdeRow kit atdnryisaneict éaﬁl%oﬁﬂce@ BALIRY e
conprising zeolite beta or a nolecul ar sieve of the | 22 famly to
produce an baRyq atithonbeeres pt 2k 3fiPrqakilyeg JOE KBRS b nous atermppenal Patent

secbut yl bepggngtids NoD&R0GH 336wt haPL AAUEEPa QPR PbARIRMhchfCand
hydr oper oxi de i s deconposed to produce phenol and nethyl ethyl ketone. The

oxi dat i on stedyy! ethyl kstoneondihdeheebngging is wrtially cordastedavigng &l yisylatimaizgentomde t i ons
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by- products have bailing points very close to sec-butyl benzene and hence

are difficlfl08t o <diharaltthe eheghstydpvvadyn terrdefatiop ot Brngene Wit fusshey a8 abl e

bel ow) . ButiliRezengvdBdnciand ciRRéRtprodd&idn, BihY bhsaz 8l 6Ptht aBYlaihPEREENE
171 s-Butyl benzene 173 n-Butyl benzene 183 [OOOQL By- product formation can

of courlSe BHETG#HH; E ABALH T REIdHE itonisly dshingigesehel gresgmplpuathylbengengdies e it i s

desi rabl e 1Q.RMRlOYIIRI R REMOMofls QGRS ﬁ’—%%ylb%&%ﬂ@%d%ﬁbﬁﬂeﬁ%@hgs to
produce sec-butyl bénzene. A typical Raffinate-2 Contains 0-1% butadi ene and
up to 5% four isomers (n-, iso-, sec-, and t-butylbenzene). For sec-butylbenzene production, it is

important to minimize n-, iso-, t-butylbenzene, and phenylbutenes by-product formation since
these by-products have boiling points very close to sec-butylbenzene and hence are difficult

20 to separate from sec-butylbenzene by distillation (see table below).

Butylbenzene Boiling Point, °C
t-Butylbenzene 169
i-Butylbenzene 171
s-Butylbenzene 173
n-Butylbenzene 183

[0009] By-product formation can of course be minimized by using a pure n-butene feed,
but in practice it is desirable to employ more economical butene feeds, such as Raffinate-2, to
produce sec-butylbenzene. A typical Raffinate-2 contains 0-1% butadiene and up to 5%
isobutene. With this increased isobutene level in the feed, a higher by-product make is
25  expected even with a highly selective alkylation catalyst.
[0010] Moreover, iso-butylbenzene and especially tert-butylbenzene are known to be
inhibitors to the oxidation of sec-butylbenzene to the corresponding hydroperoxide, a
necessary next step for the production of methyl ethyl ketone and phenol. Even in the

presence of catalysts such as cyclic imides, these impurities are found to decrease the
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i sobutene. Wth this increased isobutene |level in the feed, a higher

by- product make is expected even with a highly selective al kyl ati on

cat al yst .wpQOwWa}22¢dr eover, i so-butyl benzene and especi alPCy¥/US2009/052631
tert-butyl benzene are known to be inhibitors to the oxidation of

sec- butyl benzene to the correspondi ng hydroperoxi de, a necessary next step
for the production of nmethyl ethyl ketone and phenol. Even in the presence
of catalysts such as cyclic imdes, these inpurities are found to decrease
thesel ecti wiibafivitp 1688 Mlué&%zm@oﬂab&mw&xm@lﬁsemg leinkhRiBRUVRS RARINg

oxi dized at a nuch slower rate than sec-butyl benzene. Thus, since oxidation
i s gener al Spwehartattem sec-tupipeasmger Shusn sige @5idaiam isr senpralls’ Geratadr dalored
sec- butyl bepzene:n kHAIRUGh ReydUGt %edc&gbg&wu%%@ ekl Laubtayl Rgnzene
are likely to build up in the recycle stream [0011] Thus any successful
commer ci al bpiyBeezse fskteisbudibenege phdively tybuildalpky fhetréqyplestredsenzene to
sec-butylb e i i t he
evel of ¢ bug vibensenteamyl EHhEGaphtS b BersitEUT G By pRath T
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i so-butylb art i h a Iated at a
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i nventi on, [mnﬂrocém&nuﬂymmmvmﬂadmhmmsngﬁudhmgyihmy%emem:awlmnwuhﬂytmt
tert-butyl ene and r nt, 1iso-but in xed bu enzene
Lo DUy e 00 b LB RS i S M SRR ke T o R REr e
by SubleCt itiegprédagt iheddon, @ peadeal iy ptoidde alr kytuaing aie. le%ﬂmf dealigicatdnoand, sf f ound
to selectivel conggr@@the tert-huty be zene 2 g - but Ibenzeﬁg the
feed to beRZg UYSEDEGE dRe? nW“‘tdh TRECIZaRG &5°¢r 8%ECt P vt ¢iffe

but yl benzeng§lation bhigenf@@dvithoR FFiRMAIC Eoydiubjet it BN ZRA @S caddlytid dtalkpRtipH. eslgnce of
hydr ogen, belnq reduced to |so-butane. The benzene and dlbutélbenzenes or
i s0- but ane delistwad fapnd o selerinebrcanyehihe iert-BrisiPrRizeng 3ndrisaseyty ensenagy the
distillati gRqaddedBe dHAGQNRETEH eI httc® AR the DutylfeRzenbs in the feed to
sec- but | benzene as conmpared with the feed, can then be fed to the

oxi dat i'8n $fedgce EomMIRRYZCE oTHE thawenmran poecesy. hepegadicad feise-bueng The

i nvention %%%kgﬁ§miHméwﬂk9£ﬁ§§oF86bﬁﬁgygﬁﬁﬂm&ﬂﬁbéR%&kaP%DHF&EQHEXMQQQFene
in a mxed butyl benzene f conprising tert-butyl benzene and

secbut yl berffbiget byt mﬂﬁ@h@twsth@: orgonyasicd ¢ 1c Brerae hieh it heh heeetbufripenrzene as
deal kyl at i nprising a deal kyl ati on
cat al yst mﬁg?gﬁgg%h%8@2?$ﬂ n%%&%%%z&%iaiﬁﬁecg?vely deal kyl ated to
produce an Stk Od uatﬂhmsdl'moﬁprlses benzene and which has a | ower

Concenbbat I[(ﬂﬂ3]0f t }16 Qé‘f) th Hl n%%}l?loﬁ rl]e?srhgaﬂ g pfrc?c%gs for reducing the level of tert-

butylbenzene in a mixed butylbenzene feed comprising tert-butylbenzene and sec-

butylbenzene, the process comprising contacting the feed under dealkylation conditions with

a catalyst system comprising a dealkylation catalyst whereby the tert-butylbenzene is

selectively dealkylated to produce an effluent stream which comprises benzene and which has
25  alower concentration of tert-butylbenzene than said feed.

[0014] In one embodiment, the feed contains up to 50 wt% tert-butylbenzene and the

effluent stream contains less than 5 wt% tert-butylbenzene.

[0015] Conveniently, said feed also comprises iso-butyl benzene and said contacting

selectively dealkylates the iso-butylbenzene such that said effluent stream has a lower
30  concentration of iso-butyl benzene than said feed.

[0016] Conveniently, the dealkylation catalyst comprises at least one of ZSM-5, zeolite

beta, zeolite Y, zeolite X and a molecular sieve of the MCM-22 family.

[0017] Conveniently, said contacting is conducted in the presence of hydrogen and the

catalyst system further comprises a hydrogenation metal such that iso-butene produced in the
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[0014] In one enbodinent, the feed contains up to 50 wt% tert-butyl benzene
and the effluent streamcontains less than 5 wt% tert-butyl benzene. [0015]
Conveni erwbyp1oa29f eed al so conpri ses i so-butyl benzeneCans$2aaios2631
contacting selectively deal kyl ates the iso-butyl benzene such that said
effluent stream has a | ower concentration of iso-butyl benzene than said
feed. [0016] Conveniently, the deal kyl ati on catal yst conprises at |east one
of ZSM5, zeolite beta, zeolite Y, zeolite X and a nol ecul ar sieve of the

MOM- 22 f amiséiYotive Q8Ailatloariramia ae-bity bediehl RORIAGE JaRGI) hyGOBLEH - ptoauédhe
presence of hydrogen and the catal yst system further conprises a

hydr ogenat isorPu##¢-al such that iso-butene produced in theselective

deal kyl at i qgp18f S@mén%aﬁ&ély t%'éfd%a@a%?%?en{ ﬁm%r &&@p%fsesoﬁ{ bl ¥z adgRat ed
to produce I so-butane. [0018] Alternatively, said catalyst systemfurther

conpri ses awhdhatgﬁt@rifelﬁeinzatqdmdelathalsgrls«ttlvgdeﬁ Iatton of sad eift aindbaragucddeadsin t he
selectlge %%Qﬁyg%%ngbnf said tert-butyl benzene is at |east partially

ol i goneri z veni ently, the deal kyl ation conditions include a
t enper at ur ¢0WP] abdivnvahBDOC faﬂdedbduton’&@@di@nsainfiu&s tangpeofturalobaboul 080k Pa t o

about 1000 cPaanchuel 995,10 VA 8FATRORRL Bhou Aok B d uBBRNE 1000
b o u

[0020] In anota}]%g%1 aspec i Avent i on resi process dhC|ng
phenol andhmmbhwbmﬁmamhakebbhwabmhéO@}ocess conpr|5|ng (a) contactlng
benzene an stream under on condit and in the

o esence. of /B Al B rhnE A BETLD SRepfm it 8 s R ARy PAPRARTS: biipehna
conprisbngn&ﬂ@buhyM&emzemﬁmous@mhmﬂMMgbenzene and tert butylbenzene' (b)
contacting at ortion of s

st a | ation f nt unde
Goal kyl at Yo coffi: t 10BN nae and b ot cafipei g SUER IS on
catal yst whier glayents 0buh AlgeNoe R8N0 td prddudUiy hingRzENffludntS&inthringl Rast a
portion of sald alkylation effluent are _sel ectively deal kyl ated to produce

a deal kyl abPEPetens- R HiddFT-SB¥ID6R49SNne and unr eact ed

sec- but yl benzengy)and.ophaidy Hagas o FO¥E6n ©ORSHE KRR ®lent 88dd WeXkPefGene
and tert- butylbenzene than said at |east a portion of said al kyl ation

ef f 1 ued®; cenditens divith ngy Sédvshutyyiche §OBAES g asé‘ﬁﬂkﬂé%ﬂnkwtawoﬁvh@reby ufit to

produce an b%!b@ﬁ‘ieh@ 'anda{efrtl B%ﬁ%en%&ﬁ%'s%% 126G fi’dﬁdﬂ QFM@QI%IQN&{ aﬁﬁén(%}ede
(d) cleaving sec-b Y benzene hydroper oxi de produced in (C) to produce
phenol selectively dealkylated to produce a dealkylation effluent which comprises benzene and

unreacted sec-butylbenzene and which has a lower concentration of iso-butylbenzene and
tert-butylbenzene than said at least a portion of said alkylation effluent;
20 (©) oxidizing sec-butylbenzene in said dealkylation effluent to produce an
oxidation effluent comprising sec-butylbenzene hydroperoxide;
(d) cleaving sec-butylbenzene hydroperoxide produced in (c) to produce phenol
and methyl ethyl ketone; and
(e) recycling at least part of the benzene from said dealkylation effluent to said
25  contacting (a).
[0021] In a further aspect, the invention resides in a process for producing phenol and
methyl ethyl ketone, the process comprising;:
(a) contacting benzene and a C, olefin stream under alkylation conditions and in
the presence of an alkylation catalyst to produce an alkylation effluent comprising sec-
30  Dbutylbenzene, iso-butylbenzene and tert-butylbenzene;
(b) oxidizing part of the sec-butylbenzene in said alkylation effluent to produce an
oxidation effluent comprising sec-butylbenzene hydroperoxide, unreacted sec-butylbenzene,

iso-butylbenzene and tert-butylbenzene;



and net hyl ethyl ketone; and (e) recycling at |east part of the benzene
fromsaid deal kyl ation effluent to said contacting (a). [0021] In a further
aspect, twe20rwvEprebon resides in a process for produci ngCphiseai/oszsdl met hyl
et hyl ketone, the process conprising: (a) contacting benzene and a C olefin
stream under al kyl ation conditions and in the presence of an al kyl ation
catal yst to produce an al kylation effluent conprising secbutyl benzene,

i so-butyl benzene and tert-butyl benzene; (b) oxidizing part of the

sec-butyl benzeng)i n Spirshi! kyleatifan &f {didelodAb8LORURRIrGRr&XdedRbh ORid

ef fl uent conprising sec-butyl benzene hydroper oxi de, unreacted )

sec- but y| béewsaia cfflgent gatlgavieenicsride afiefin epmpiRey IHedsksnecbetylbearae.abpng at
lleast part o Rddde SRCRBLYIRERRENe hydroperoxide from said oxidation
effluent to 'eave a recycl & stream conprising unreacted sec-butyl benzene,

i sobut yl benzene(dand dewvingrae-Prisbanzspe hy(raeredideasapaigted de spidtsypdsetmeeri to
hydropegoxiﬁq)%ue gﬁﬁgﬁgnk@l§§ﬁﬂk_§9@rating (c) to produce phenol and nethyl
et hyl ket one; fé@lcontactlxg at least a portion of said recycle stream
under deal kyl at {edn condttingons lekt b porgeart aff ywid ssestlentcampuidsi nigaliylation

deal kyl ati gn_cat al yst wher eby | utyl henzene rt- | benzene. in said
at | enst a BFSn¥Eh SRR ERD HRERRERS QORI SPUMYeRERAr o
produce a butytbeerenefahd uanbutglbeeram whith ac devptr & pegionesfzaite rande urcaaeted

sec- butyl benzene a i has, a | r concentration of iso-butyl benzene
o tort - panorBEn B e o difutp Hiles ERRROMRE L e ko SRR By B R e
(f) reaypcl hlﬁfjgc&éd hdﬂ&ﬁltylmzfineofndtvﬂgcleZze M&vek :’c@ﬁﬂeﬁﬁitﬂ)lnfdf riﬁdlﬁftyleélfszluﬁf]ﬁd
streamto said contactjng . an recycl i at | east part of the

ohr eactod SeEOBPYIRmbane e st aelhof FR ot s fam oty emm o sai g

oxidi zing (b). (9022}cychin@dcRipRtbMEabenzSid forh €4iY GlhreheS EfflR@@Msirantltoviadied

into a first portion, which is subjected to said contacting (e), and a
second por CPYHFINGMIAH s recycled directly to said oxidizing (b). [0023]

Conveniently, the pre&eass htlchiefarCHMME I BRScHY dEQbUtRBLIzBE Fomtald fsther
recycle streamportion to renove oxygenates therefromprior to said
cont actlp ng e‘(‘fgl)er_lt stream to said oxidizing (b).
[0022] In one embodiment, said recycle stream is divided into a first portion, which is
subjected to said contacting (e), and a second portion, which is recycled directly to said
oxidizing (b).
[0023] Conveniently, the process further comprises hydrotreating said first recycle stream
20  portion to remove oxygenates therefrom prior to said contacting (e).
[0024] In one embodiment, the process further comprises fractionating said further
effluent stream to produce at least a benzene-rich fraction for said recycling (f) and a sec-
butylbenzene-rich fraction for said recycling (g). Conveniently, said fractionating also
produces a heavy fraction comprising dibutylbenzenes.
25  BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 is graph comparing the rate of hydrocarbon conversion with time on
stream for the dealkylation of pure sec-butylbenzene in the presence of a MCM-49 catalyst in
accordance with the process of Example 1 with the dealkylation of pure tert-butylbenzene in
the presence of the same catalyst in accordance with the process of Example 2.

30 [0026] Figure 2 is graph comparing the rates of conversion of sec-butylbenzene and tert-
butylbenzene with time on stream for the dealkylation of a mixture of sec-butylbenzene and
tert-butylbenzene in the presence of a MCM-49 catalyst in accordance with the process of

Example 3.



[0024] In one enbodi nent, the process further conprises fractionating said
further effluent streamto produce at |east a benzene-rich fraction for
sai d recywbizog/oatde9and a secbutyl benzene- rich fracti onpPComss@9asredcycli ng
(g). Conveniently, said fractionating al so produces a heavy fraction

conpri sing di butyl benzenes. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0025] Figure
1 is graph conparing the rate of hydrocarbon conversion with tinme on stream
for the deal kyl ati on of pure sec-butyl benzene in the presence of a MCM 49
catal yst i fo@gFor ¢anee3 W drhht RepRAiRCHS $at&f o ey AIRiGh Jr Wb-bityloBe chlealdkykat i on
of pure tert-butylbenzene in the presence of the same catalyst in

accor dance byiyibsngene with diese sicanianipe deadkylatpn a6 p o ¢f spe-bytylbengspe and
conparing &&%J@B&ée&finqw@sre§ée%h?arog&cafn%udag@%ﬁmsﬁg@amr@%axl“ﬁ%nzene
with time on streamfor the deal kylatTon of a mxture of sec-butyl benzene
and tert - bddyhbbmienia afgerdapes witlethe prasessfofl ExMINE 49 cat al yst i n accordance
with the pricess Y pEsé oN U1%81E FviBBEnva s 97 aph conparing the rates
of conversrUn—Ui;SECEgUg%#g%nzene—anairETrbUTy%%%nzene with tinme on stream
for the deddRy] at iDereribkd dervink isur eratsss®e -ridvcipl b 2erk of tadt-bwtylberzentey bislenzene

in the presence,of. rogen and a.catal yst comprising MM 4 1wt % Pd on
AR R S IR G R AR 5 L SO L TN
OF THE ENVB@DIiENDShf GO2B]tyIDescrd oedr herritylbéinger® jppodtss Tlerproedumivolgest he

| evel of tera-guty i SO- ene in a m.xed

but yl benzeff&"

benzene, an tional | y. hut yl ben e
o TP RasE "R oo it o 25e0HTY Sy Ve nE
tert-bqulheﬂ@ﬂ?&maﬂﬂ%gfsﬁ?&ﬁ?ﬂh?h&ﬁbﬂgmaugmpmﬂiBb&ﬁ@ﬁ%hﬂmﬁﬁ@?@ﬁﬁmﬂﬁkﬂlVeS
contacting the fee er dea ation conditions with a catal yst stem
ot si g oG b TRER € BRgE SUpmORG PRGTS BitvsseprberE Gt
i so- but yl benz@Rezchd afdiBobeghearae Sfhekd fove! Yhdralilail aflesht tcapl @AUE® BN
effluent stream having_a | ower concentration of tertbutylbenzene and

i so- but yI b&tfsetethenapdifipth Hogle droceive 1 adifh S5t scedpiviRsAzens tif OXiizcdriot en be

used in t hguRhichedydigsdiodOmaSRo pdrékiddis CRatdago RfuBUSHELDIBNE @Rehyl Sthyl
oxi di zed to sechbutyl benzene hydroperoxi de and the peroxide is cleaved to

pr oducéd’ph&sienc aRy sHyedipe the f5ed t(k@lﬁ splectiveylealigyptian; stepgtotduce degleyd of [l
sel ective deabliyibalbQmlo?RolRIRIAUGE iﬁlbl‘?ritle%\fl?ids f?%ndttﬁﬁ ﬁﬂeeéotnifgk%ﬂ lhengene

and/ or iso-butyl benzene inpurities, it Is found that the conversion rate
and t he sedhebiscypupydreneane Hygwpepside spldetivae| dcthe wikidptian stetheao ke denifsantst ep
can be siggh&%g&ptly i nproved.

Butylbenzene Feed

20 [0029] Any butylbenzene feed can be used in the present process provided the feed
comprises at least sec-butylbenzene and tert-butylbenzene, optionally together with iso-
butylbenzene. The sec-butylbenzene normally comprises the major component (at least 50
wt%) of the feed, although typically is present in an amount of at least 90 wt%, generally at
least 95 wt%, of the overall feed. Similarly, although the total amount of tert-butylbenzene

25  and iso-butylbenzene in the feed can be as high as 50 wt% or more of the total feed, each is
generally present in an amount less than 5 wt%, such as between about 0.15 wt% and about
1.5 wt% of the feed.

[0030] The butylbenzene feed used in the present process is typically produced by
alkylating benzene with a Cy4 alkylating agent comprising at least one linear butene, namely

30  butene-1, butene-2 or a mixture thereof. The alkylating agent can also be an olefinic Cy4
hydrocarbon mixture containing linear butenes, 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.
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But yl benzene Feed [0029] Any butyl benzene feed can be used in the present
process provided the feed conprises at |east sec-butyl benzene and

tert - but Wwbenmanaeze9opt i onal |y toget her with isobutyl benremaiS200a®52631

sec- butyl benzene normal |y conprises the major conponent (at |east 50 wt%
of the feed, although typically is present in an anount of at |east 90 w %
generally at least 95 wt% of the overall feed. Simlarly, although the
total amount of tert-butyl benzene and iso-butyl benzene in the feed can be
as high as g3 1M %oref eiﬂﬂ{p% Qhe tMBWIRL @] h}icﬁé‘cqrboﬁélﬁ&tdr& HERSKRhyYarRilRER 1N
an anount Iess than 5 W% such as between about 0.15 w% and about 1.5 wt%
of the feedly [GOS0] eHﬂH@YlB&ﬁ?Ffbéﬁ%Wé tPé%@fiUG%@lfﬂPﬁ % PadpleaBrackebbeeRs | s
typically Q{r&ﬂp%@ﬁ&}tfe ?-l(tlﬁé( lp%du&gofbl%ﬂl%ﬁﬁ% Met ré'ol@erft: e%ré@ﬁ'oﬁtok ?dr%@@fl@ﬁon to
conprising at 'east one |inear butene, manely butene- 1, ene-2 or a

m xt ur e t herefk butpdieneg frikip| the ¢rrde ﬁg@@mra@l@d bate%stb?@ménnan@ﬁmﬁpé (betyetiugcar bon
m xturesco el

Cr acki 13, of " P i Bl WERARne SHE R Robih he) Wi ekl EPlitnc,
cracki ng ofstrmphtCﬁfasraHmdh@b hseeanselfave GOIWCFSGMS watblsthamgighy rapgesviedisiteth inof
oxygenat es ﬁlgg s, nethanol, to lower ol efins.[0031] For exanple, the

fol |l ow ng g rocarbon m xtures are generally available in any refinery
enpl oyi ng steam cracki ng to produce olTableds; a crude steam cracked but ene
stream Raffi pate—1 \t*.‘"tedorcoduct "‘R fF "ili"ni f 3

hydr ogenat i on PorBamy & e DUt Adiene—fromit: tee—stearm %%Fed—pu’rnne
stream) and Raffinateq2 Sfeta]ﬁ péxﬁrgg%ﬁ AR NG @ zféxégcnrermvya 551 But adi ene
and i sobut ene Bhth’dfén%”t age TSt E: ZI criackeghputene sty ean)— Geuera|y, these
streans have conpositions wthin wei ght”ranges indi ¢ated i'n Table 1

bel ow. Tabl e LC§0032] |CPHEY fefl-hEby |m xB4-5G st fedrsS% such &85t%hos
obt ai ned by caﬂcﬁlylﬁﬂ@sr cracking of naphthas and ¢other reflinery feedstocks,

typical |y haveBemE-If ol | &Wtg |c3M38%i tli ond0-Propy| eRE75%0]2 wWehHr opane - 0-2
wt % But adi ene| gyihe» W Yo Bed,ene-19Lo» 9- 20 0WHP% Bul €nezel, - |10- bYydM % | sobut ene

ter—sol 'ﬁent extraetion or
a

nv\

(1%}

- 5-25 W%
Isobutene 0-30% 0-55% 0-35% 0-5% 0-5%
N-butane 0-10% 0-55% 0-10% 0-55% 0-10%
Iso-butane 0-1% 0-1% 0-1% 0-2% 0-2%

10 [0032] Other refinery mixed Cs4 streams, such as those obtained by catalytic cracking of
naphthas and other refinery feedstocks, typically have the following composition:

Propylene - 0-2 wt%

Propane - 0-2 wt%
Butadiene - 0-5 wt%
15 Butene-1 - 5-20 wt%
Butene-2 - 10-50 wt%
Isobutene -5-25 wt%
Iso-butane - 10-45 wt%
N-butane - 5-25 wt%

20  [0033] C,4 hydrocarbon fractions obtained from the conversion of oxygenates, such as
methanol, to lower olefins more typically have the following composition:

Propylene - 0-1 wt%

Propane - 0-0.5 wt%
Butadiene - 0-1 wt%
25 Butene-1 - 10-40 wt%
Butene-2 - 50-85 wt%
Isobutene - 0-10 wt%

N- + iso-butane- 0-10 wt%



| so-butane - 10-45 wt % N-butane - 5-25 wt % [0033] C4 hydrocarbon fractions
obt ai ned fromthe conversion of oxygenates, such as nethanol, to | ower

ol ef i ns woeotygEewmal |y have the foll owi ng conposition: PCosk@ams2630-1 w %
Propane - 0-0.5 wt % Butadi ene - 0-1 wt % Butene- 1 - 10-40 wt % Butene-2 -
50-85 wt % | sobutene - 0-10 wt % N- + iso-butane- 0-10 wt % 0034] Any one or
any m xture of the above C hydrocarbon m xtures can be used in the

al kyl ation process. In addition to |inear butenes and butanes, these

m xtures tyg3apl | WiGQat 8t BnyCARRROEMNHS abSMH &) 138robSBRHh ARG ARH b@%mheﬁbe
whi ch can be deleterious to the al kylation process. For exanp t he nor mal

al kyl at i on 2y HoREProe®s.i Bigditien s Nicehbureay eeutages, éheﬁwv@ur%tﬁ@éﬁbf GRRfaEh, as

previously 5485k, afchSsasbafind B Bhttaé%net Qi dAEcan URS &AMERus 9 ntlab k@B G ep-
Thus, prior to the alkylation ste esé m xtures may be subjected to

but adi ene pEeval F@n@amﬁbbdteemmﬂgmla ion producs xd niptbaiteng sghubarencciariclte
removedsby bﬁ@lb%ﬁéehé! SR | h?e Q0 sRca’ BACHL O iMidildr W@E&%B%e L& RERGHSGE

MTBE, ere but adi ene’ ca m)ved y extraction or ctive
hydr ogenat isop. Tlusbpri@netht alk@tam@mmmelsg/mlmm@ @abdepbretehy lalga@mne eammvalyed in

w561 so- purERERETE PR, RF BT ot st Bl AR ARR AT e
hydr ocar bomeacterpeite ntesh,andoammduéeaMTBE ceoadartdd@ne mmbmrees)veqlpy c;aiabtyon
cont ai n ot her e detri nta the al k

rocess. FOF “iehp o F BB PR SRR TF G DR e PP B
nitrogan arie @edechtisrodelPeontdinselsss thnelr £as% GeRyattyolearthan). s twsaivs-bolehaimied by
oxygenat e er si on rocess typically contain unreacted oxygenates and
wat er. Thu essﬁ’?’il rl"t’té WAdlelPy vl ation step, these mxtures may al so be

subj ect ed f@3sne 0 J4M@iEnOfo Skl Wk dlboedrBdalcompoich@IebmmerRy at, angrotygenat e
renoval, in addition to butadiene renoval and isobutene renoval Renoval of

sul fur, ni HEYER, RISy FAatan PIELIMRYriiss ndichorrpkh Pedetrimeatel de thegalkylatie or a

conbi nat i ORrdRbssC#YBEatpld ?e@'h@@@mhyﬂﬁkﬁrﬁoﬁﬂﬁl%gfnﬁl%mc‘All? bbdtdiRhitRdBen ARSQIRL | ON
usi ng nol ecul ar_si eves and/ o
15  impurities, whereas Cy hydrocarbon streams obtained by oxygenate conversion 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 impuritics is conveniently effected by one or a combination of
20  caustic treatment, water washing, distillation, adsorption using molecular sieves and/or
membrane separation. Water is also typically removed by adsorption.
[0036] Conveniently, the total feed to the alkylation step of the present process 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
25  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.
[0037] Although not preferred, it is also possible to employ a mixture of a C4 alkylating
agent, as described above, and Cs alkylating agent, such as propylene, as the alkylating agent
in the present alkylation process so that the alkylation step produces a mixture of cumene and
30  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 for bisphenol-A production.
[0038] The alkylation catalyst used in the alkylation process is conveniently a crystalline
molecular sieve of the MCM-22 family. The term “MCM-22 family material” (or “material
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menbrane separation. Water is also typically renoved by adsorption. [0036]
Conveniently, the total feed to the al kylation step of the present process
cont ai ns WO28101322691000 ppm such as | ess than 500 ppm PLomUSecoanpiesl | ess
than 100 ppm water. In addition, the total feed typically contains |ess
than 100 ppm such as |ess than 30 ppm for exanple less than 3 ppm sul fur
and | ess than 10 ppm such as less than 1 ppm for exanple less than 0.1
ppm nitrogen. [0037] Although not preferred, it is also possible to enploy
a mxture @fR r@él\/ﬁbi@dnﬁl}l”% ‘HPRRhlar dsvedSIShE Maadt-Bbamay sncviCR-a2 kyhigt | ng
agent, such as ? yl ene,” as the al kylati ng agent in t%e present al kyl ation
process so Z¢Hig" @ﬁé“ﬁﬂ@?ﬂhﬂ?bﬁﬁﬁﬁ@ﬁrﬁpﬁdﬁbes a mxture of cumene and

sec- butyl benzgn I t t t s QUah

oxi dati on an?ﬁcﬁg§§2§é§gﬁgnkgggk§1ﬁfgﬁﬁP% o?:&%g?gﬁgﬁg q@%%ggéﬁéng w th
phenol , pref er agdlly whihr enit p@dl has| the MWW draofewadetopolegy. c(Aphm'hgftll issa @paiall, to
mich the demend for, bisphenel it prodyct ign bRl 102, BLbalh o, caf al vt
used in"the al ky [AeT on process 1S conveni et FirTe fol"ecur ar

si eve of the NcmhﬁﬁuéaMmhynmwhanmanﬂnmﬁﬁM&ﬁmeanmbyAmmaefZaﬂﬁeEmmwwmﬂg
"naterlalof t he

Ve 20 o 1y THEN Fn AMonY 200 e B RO et T e e |V

mol ecul ar si ewemonsagler {ie@NnRade aroI®A donindn CeGIE BegldcyBiliRing B16ck) Weingdiang- bl ock
unit cell, which unit cel| ha e MAW framewor k topol ogy nit cell is
a spati al arran@;‘é‘}?ﬁﬂ?nagfmé{]tgoﬁ'g Swth MWW Ptk noppibe Ltg&'ftnﬁﬂg\ o A&ns Face
descrihgs the chyadi@er ot sdGhHcEI th§l1tﬁé%s GrosaBly ofié EMRK BEIBRicRARs;di scussed in
the "Atlas of Zeolite Franework Types", Fifth edition, 2001, the entire
content of w cholegulpriéeyephareds ﬁan&@mﬁ@mé?@ﬁééygree il dineblagks sheingclayarnele f r om
a common second,gegnee. 'E}Mh o Bt QJHQﬁﬂékne*'s‘sf‘? \A@reth the 13%0 o2 A3k o‘hé 'ufnPQenOf

such MAW framewor k topology unit cells, tTormng a nonol ayer of one unit

cell thickness, thmkmsemmh@ﬁ foere stacking tpagiang, or hindlages feast twop Ineamalazers of enes

made from conmop . r I i e. qQr nore
t han one unit cglrlfgetqﬁﬂ %eggsﬁl% %%(eg g ?1&1 ﬁ%g&grdegfe %#Jgﬁ ﬁgoﬁksg%aél%t}n]fl?d cel |

t hi cknd§s i s nadegulhr Grhist, aokiraglargashikinn g rarmlpmbﬁaﬁnbmgr aty ta@astatiomohereof;

nonol ayers of one unit cell thickness. The stacking of such second degree
bui I di ng bl ocks®€an be in a regul ar fashion, an irregular fashion, a random
fashi on, or anymortilandévesmidsesyeaty, regildr oMBIn@e | Bdinehemas onBCtﬁmbf}sioalBIy

regul ar or random 2-di mensi.onal or 3-d|
g combination of unit ce shavmg the M{E{ifstlramework topology.

[0039] Molecular sieves of the MCM-22 family include those molecular sieves having an

or

20  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. The X-ray diffraction data used to characterize the material are
obtained by standard techniques using the K-alpha doublet of copper as incident radiation and
a diffractometer equipped with a scintillation counter and associated computer as the
collection system.

25 [0040] Materials of the MCM-22 family include MCM-22 (described in U.S. Patent No.
4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25 (described in U.S.
Patent No. 4,826,667), ERB-1 (described in European Patent No. 0293032), ITQ-1 (described
in U.S. Patent No 6,077,498), ITQ-2 (described in International Patent Publication No.
W097/17290), MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (described in

30  U.S. Patent No. 5,236,575), MCM-56 (described in U.S. Patent No. 5,362,697), UZM-8
(described in U.S. Patent No. 6,756,030), and mixtures thercof. Molecular sicves of the
MCM-22 family are preferred as the alkylation catalyst since they have been found to be

highly selective to the production of sec-butylbenzene, as compared with the other
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conbi nation of unit cells having the MW framework topol ogy. [0039]

Mol ecul ar sieves of the MCM 22 fam |y include those nol ecul ar sieves havi ng
an X-ray wpf2breznaeicon pattern includi ng d-spaci ng naxi maPatr/us200405%51

6. 90.15, 3.570.07 and 3.420.07 Angstrom The X-ray diffraction data used to
characterize the material are obtained by standard techni ques using the

K- al pha doubl et of copper as incident radiation and a diffractoneter

equi pped with a scintillation counter and associ ated conputer as the

col | ecti on pgy#fefithe [QRRFA] P@Fe@e[b‘l@'tﬁe Rlolctier MM 22 cfed@l Iidoni (H}'M@M Migb
(described in U S. Patent No. 954, SZSéNIPSH-S (described in t ent

No. 4, 439, WS%z@wO@m&eﬁMﬁa@@ #ndMEM- e prghtas \HQ-24, 826, 667) ERB- |
(descri bed 4 3 (m]Eur %@%%yiaﬁ&?@a{talw carp%gﬁlgg’a)e’mélg_c@lalr ste0ERCELBEH il clfboundPat ent

No 6, 077, 4 described in International Patent Publication No.
W97/ 17290)f0rmvmw1®ela(lu@3dhd peldcular sigvscanrigt eombingd in e EntRAHA)ManigINifoan

No. 5, 385, 8505 Hindor SR e, 2uchite gl Mt LARRSLLRAH, bl b Pt o
m xt ures t Rkemebfsievibl ecul ar sieves of the MCM 22 fanily are preferred as

the ol k! i@ catglete Mfent NGY BN REGRLENIH bR, R lhollckaRohs T ve

to the pro uc on of sec enzene; as co

ot her but yl bgrziene thas oﬁmﬁystﬁoaﬁlﬁatadbw;th binders. nﬁlhcacmiaaﬂyssns evievehisnthepregtraeld from
(a) MCM 49 b 56 and..(c) isotypes of 49 and MCM 5 such as
S TR e L ML i R R A et S T L
unboundoor tigebfevinuedaisficoisal o thealfi@édramixuet Yront Realilgeia uharcoicayristadam be
combined in a conventional manner with an oxi de bi nder, such as al um na,
such that tA¥PIR SFQE@ﬁngPﬁBﬂH%atalyst contains between 2 and 80 wt %

si eve. [004@l43| n onigr RO e BlkylatifieproddsaltiysMONs 22 G Lo B kifRaSin doGidUS h
strength nuch superjor to that of catalysts formulated with binders. Such a

catal yst i §" ¢8PRHEAi OHR PaprisparEgiepy i \Wé‘f?&r cifndl TGRS erayenos o5y n“nﬁ?rocess

in parti culegdifony AP RMproARR EbY§IbahAch dldcARinP ARRRESH tRalonBliSKIT R FaMSti C
used in the synthesis m xture fron1rena|n|ng in the zeolite crystals as

vapor phasEOHRSHEE e | PAtCIQRIY ogitTpded, [IDPWIPMPH| i§r sechutydhenzahe t SECHY IRy FHX i on
process, t ke, M2 fiand! c%ﬁQéan@he z%bl‘itl%'%th'w&té?%%ﬁp&ﬁtu%‘%%ﬁ’stf)@d‘ RucHTey be

contacted with water, either in id or vapor form under conditions to
i mprove it$s ﬁemabgutyﬂoﬁ@mczébmlt é@ﬂceéqu afirng of gleayolghoerh gor cearaile faristing of he

wat er cont ggh Qgh@arrﬁe td Bouf |29511§lu§§ C?y%éaﬂgfl &d. wdt&%%‘éﬂ?gnk ddflducted so as to

sec- butyl benzene sel ectivit
increase the weight of the catalyst by 30 to 75 wt% based on the initial weight of the zeolite.

20 [0044] The alkylation conditions conveniently 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, a weight hourly space velocity
(WHSV) based on Cy alkylating agent of between about 0.1 and about 50 hr', for example
between about 1 and about 10 hr', and a molar ratio of benzene to alkylating agent of from

25  about I to about 20, preferably about 3 to aboutl0, more preferably about 4 to about 9.

[0045] The reactants can be in either the vapor phase or partially or completely in the
liquid phase and can be neat, i.e., free from intentional admixture or dilution with other
material, or they can be brought into contact with the zeolite catalyst composition with the aid
of carrier gases or diluents such as, for example, hydrogen or nitrogen. Preferably, the

30  reactants are at least partially in the liquid phase.

[0046] Using the catalyst and alkylation conditions described above, it is found that the
alkylation process is highly selective to sec-butylbenzene. In particular, at a typical benzene
conversion rate of 25 wt% and a butene conversion rate greater than 96 wt%, it is found that

the alkylated product (i.e., apart from unreacted benzene) generally comprises at least 93
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general ly be achieved by contacting the zeolite with water at tenperature
of at least 00C, such as from about 100C to about 500C, for a time of at

| east 0. 5wvbauoro/o4b2se exanple for a time of about 2 hoursPCo/Usb@yais®4l hours.
Typically, the water contacting is conducted so as to increase the weight

of the catalyst by 30 to 75 wt % based on the initial weight of the zeolite.
[ 0044] The al kyl ation conditions conveniently include a tenperature of from
about 600C to about 2600C, for exanple between about 1000C and about 2000C,
a_pressure g, #BRAKRaAL 91885 sed-Blty BEBER. eDéJRMh bR e rﬂaﬁQQoi‘ 0, ARPHing3500

kPa, a weight hourly space velocity (WHSV) based on C4 al kyl ati gg agent of
bet ween abéggnt.ghq aﬂfﬁbteéﬂéﬂfiu%elahﬂomalnfbﬁfw@ke?ﬁﬁmtelobﬁt@\éé% ah%&tm “artftabout

10 hr 1, a'BQt PeRhaTnd FehReRTabBRNF 808, bRd absd! Pd1 RP,2LEBh %%nﬁeh@mt?sb@gtl’t 1
t o about 2 or eferably about 3 to about 10, nore pref era |y about

about 9. [ GefBhteThes theGerlhrintngrganthée ralrlfw@terimé?du@tﬁéplwéb@pntpmab@wmn Paptial ly
or CO”p%et &l Wod th dtaﬁ)%uhquPQ&nge&@E‘%%“%eﬁ%eﬂ%ﬂButd §1% ahd G6out HO %
intentional” adm xture or diluti ot material, or they can

brought i ntso-lmgdbaaetnewi th the zeolite catal yst corrp05| tion with the al d of

i I
Br et erably OPAE. - SUloPEER BeSMERBR b0k 1BKATRLECNELHE N, u LA BHE The
[ 0046] Usi reﬁlulemefr@mttlaal glkylatwndealnkylwalﬂ monmad:l@rcdntamcmmednesmhqytaead m@dme ait is

found that the alk t.i on sel tive to.sec- | benzene.
oot 1w a0 REE Snt O OB R RoR T bSaR o TR AT e
conver 900N afoatatic Feedaik eforlhzhl'@znre&ﬁ/er%y diktiliaSiod @nkh @bcwsled td the a&ilbkadoﬁtread:tqm’ oduct
(i.e., apart from unreact benzen eneral | i ses at |eas 3wt %
o eal o2 he bp R G50 5t Tenen T hionR darsh SR Sholro MRl o

al kyl at i ng pagie&t frorh gy abkykated pwd@ek@cahd Fayr G@RAI MDdpeid@es akauioudOot %
and about 0.01wt% tertbutyl benzene and between abqut 0. 1wt % and about 0.01

Wt % i so- buﬂ%ﬂ%‘é}ﬁ%@ﬁéﬂoqggisr@e%tr 1 tharadiodation regelions cHuept b may bsgisnfably fe
al kyl at ed %ﬁ’s@ﬂé}?tatéM@b&%lk%at@@ﬂﬁo@h&§whﬁ%&&ﬁéha@@&ﬁ&neﬁo%a@rﬁﬂgt}ﬁtp%ﬂuctlon\/\'t %
tert-butyl benzene and between about 0.2 wt % and about 0.01 wt %
i so- butlyl behhedesiref gpagglkydptedingeids-t he al kyl ation step is highly selective
towards segogyf y! h\%ﬂ%ﬁpﬁm&nﬁ@uﬂ&dlﬁ@m bdnZ Q10 it %@hwh@&ém d BARMLORM | |
normal Iy contaln sone d,%q | at ed products, as as unreacted aromatic
feed and t ac@psPrasde ﬁ@lﬁ Mwlﬁt%ﬂd@a@mcqve@a suftplelc mese&ataé@ln eatdyratsueh #seied i s
normal |y regs i Sti C I t T Ragctor.
The bottons ?érég{arl]?g eggb(gnt;%nﬂe/[bﬁ g??ﬁ‘?‘ngl (E)%%ger g&?’umer d stﬂ?eg&t&b 1ggpar ate
monoal kyl atéd4.0t®Hdaeditef ¥omdamyrdpwtey alkgy transeldtylotiod oettgonandyptdbr condesiédes .

DeDendl269 %Hdetr QF le%%‘a'l%l l(i)cIuid 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.

Sec-Butyl Benzene Oxidation

[0049] The product of the alkylation process described above is intended for use in the

25  production of phenol by the modified Hock process, in which sec-butylbenzene is oxidized to
sec-butylbenzene hydroperoxide and the peroxide is cleaved to produce phenol and methyl
ethyl ketone. The initial oxidation step is conveniently accomplished by contacting the
alkylation product, generally after separation of the unreacted benzene, with an oxygen-
containing gas, such as air, in the liquid phase and in the presence of a catalyst. Thus, unlike

30  cumene, atmospheric air oxidation of sec-butylbenzene in the absence of a catalyst is very
difficult to achieve. For example, at 110°C and at atmospheric pressure, sec-butylbenzene is
not oxidized, while cumene oxidizes very well under the same conditions. At higher
temperature, the rate of atmospheric air oxidation of sec-butylbenzene improves; however,
higher temperatures also produce significant levels of undesired by-products.
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pol yal kyl ated products present in the alkylation reaction effluent, it may
be desirable to transal kyl ate the pol yal kyl ated products wth additional
benzene twormaKymzzwe t he production of the desired nonoalPk¥ltst@d/osmaeci es.
[0048] Transal kyl ation with additional benzene is typically affected in a
transal kyl ati on reactor, separate fromthe al kylation reactor, over a

sui tabl e transal kyl ati on catal yst, such as a nol ecul ar sieve of the MCM 22
famly, zeolite beta, MCM 68 (see U. S. Patent No. 6,014,018), zeolite Y and

mor deni te. (gga@) t r SNIAKYdcAfulyWrns &R ChIaRBts ifIideR FAEL-HBRNEHGEE MRS it
| east part| al liquid phase conditions, which suitably include a te er ature

of 100 to 3davcmuliidgptais siigeadsopre] ppudipged dpaH KEat oac iBdtghfromogrbrY, Bis

vel ocity Ofrna%géngseSQOBﬁler 280 it Meel 88, pAGK ﬁob%mﬁ)poh\m& @f&@f-aef} bdenzene
wei ght ratio of 1 Sec- Butyl Benzene Oxidation roduct of

the al kyl athptewgme@ee@@lﬁesscmdae%ntalble\heteiogeneﬁum@éﬁwf%@ d%sréoendnn Un'e Patent
product son \pf 5|qig§ @% Werélgq}fgﬂélgétqg ahbogc% zenogs[ﬁ dotl Y@?ﬂaﬁ&l r man%ar;[e%ee

sec- butyl | benzehe Ts ‘oxi di ze ec- butyl be roperOX| de "an
per oxi de i somplea‘aleﬂmtléspl’@dmw pR2h9lo0, a«ﬂndremethhyatalmtwmplkm emexo (ﬁyéroixa] tial

oxi dati on %{‘18 ed t?tra%oél\?/al% e?aq %lecﬁavnﬁé;lr | %Ex%g be¥al %(0) aCtnller‘Eg otfﬁle core elln%tal on

product, general Sep ar g Unreacted benzene
oxygencont dmalengmqa]ss,eleeted IﬁroasZrmGu, Fe,iCd, g, Mh qmd dn;pﬁraseleanﬂandmnbiher petelsence
of a catal i d

unl i ke cu a air o i 0 .
cec buty! biRveAdny e Bl SEFEE RO 1w FEARy 66 ARyap§Rtrhieth thecentini eve.
For exaopl @isciaturdsldQ&id ansl paten@ redsg@ingirated Roreis Sy kderesec- but yl benzene is not
oxi di zed, ne oxidizes very well under the same conditions. At
oner -t emiulsafur ST R bl bER oI5 e b rine SR RaBey i Bf the N-Rydrony
sec- but yl bemzefed dsvpllicome&es dRenpyYEmn USL ghelt Nempeoase alﬁismaérmaea aemEDy
significant ]evels of undesired bé pr.oducts. [ 0050] Suitable

sec- but y| bEHSERE: el 3s NshydreynbiBalimiget dramirg N&yeméﬁ@ﬂ&thel%n%)a@m Nn

whi ch mul tiy &Bkﬁ}hﬁla lilngRN e$raBlothoC Ry dHoRghadlifRleAte tlh 8ASH- M AR {hafith Q18]
cobalt, nic manganese, copper and iron (See U.S. Patent

4,013, #85) M- W@Y&a?teméeaﬁwy rgxyhaniendy e e By o aTBs jamides Ndweroxdisnica! e
het er ogenequs; cREBLYRER, A§- (ﬁw&ye@%mamu Simida @m -y drey iR Rz Plhenonher ei n

the catalyst 'is an oxo (hydroxo) bridged tetranucl éar rnanganese conpl ex and
in U S Patént 4N©tracsrb9&>210921emldﬁher1%h royyanagamigley styrid wapri-geasbexmisivo N-

(hydroxo) hhdardhehi@nuc Raf R AluGerP! Sridavi ng. o, Jxed dBb AL cose. one

met al of th core being a d|v
Mh and ni xtdigpdbexinhid, eoefXOdﬁdiy@th ﬁexahmbﬂ Ibe] ndicit-Y-erievZal-dictrbpamade, seﬂect ed

froml %o F%ydrwy—cig;—ac‘yclélex%gl,ﬂidf&r%gy?lﬁli&eber ﬁgﬁydrogg%s@ﬂ&i/cﬁo%exene—1,2 dicarb-
oximide, N-hydroxynaphthalimide sodium salt or N-hydroxy-o-benzenedisulphonimide.
Preferably, the catalyst is N-hydroxyphthalimide. Another suitable catalyst is N,N',N"-
thihydroxyisocyanuric acid.
[0052] These materials can be used either alone or in the presence of a free radical
25  initiator and can be used as liquid-phase, homogeneous catalysts or can be supported on a
solid carrier to provide a heterogencous catalyst.
[0053] Suitable conditions for the sec-butylbenzene oxidation step include a temperature
between about 70°C and about 200°C, such as about 90°C to about 130°C, and a pressure of
about 0.5 to about 20 atmospheres (50 to 2000 kPa). A basic buffering agent may be added
30  to react with acidic by-products that may form during the oxidation. In addition, an aqueous
phase may be introduced, which can help dissolve basic compounds, such as sodium
carbonate. The per-pass conversion in the oxidation step is preferably kept below 50%, to

minimize the formation of byproducts. The oxidation reaction is conveniently conducted in a
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di scl osures of said U.S. patents are incorporated herein by reference.

[ 0051] Other suitable catalysts for the sec-butyl benzene oxidation step are
t he N-hydwoxyiaudksbi t uted cyclic imdes described in U 8CTRS@a051431

6, 720, 462 and i ncorporated herein by reference, such as

N- hydr oxypht hal i m de, 4-am no- N-hydr oxypht hal i m de,

3- am no- Nhydr oxypht hal i m de, tetrabrono- N hydroxypht hal i m de,

t etrachl or o- N- hydr oxypht hal i m de, N-hydroxyheti m de, N-hydroxyhi m m de,
N-hydr oxyt chi®lié | didiadén Nichyslr Qﬁé’bs%&%@@%‘enz%p@11‘§rﬂ¥6pbl‘é§fd@0f5ﬂ0%c@@1 may be

N, N -di hydroxy(pyronellitic diimde), N N -dihy roxyggenzophenone-

3, 3", 4, 4" - cerceneredyditillingditf the gerpacted sag-Bviglogrrgnepiar dethe cleavage step.

pyridi ne- 2,Sgregli‘;‘eqjgggmmoqqﬁT@hygﬁ(pm_q;{ﬁ%bguzgh e, N-hydroxy(tartaric imde),
N- hydr oxy- 5-nor bor hene-2Z, 3- di car boxi m de, o

exo- N- hydr 6885417 - oxabi oyibe ofcsenre of caiddpits, Suchrps-19-hgdrakyphihibidai itles, forid/ dhetoxy -

ci s-cyckohexane- - di car hoxi . m -

i car bosi e KPR Fon A L FrenGIRERIEEL At ShaREERRdy r the

N- hydr oxy- oxidetuneprectiss LdvphanihrirdetiveBr bive leatlk youndha thapabyatofitiee alkylation

N- hydr oxyp i m h I E lLyst .S | ' -
t hi hydr oxy?éogggfa%09$%d gtgo%l i{%goéﬁ'][ %%Lgustg‘%‘%r%? %er %nzgl 1§0 %I%%Nb Il(;zrerlljes"g ﬂ%al sngch al one
or in the prdgehce aomueh floeer raditbal sichitylxinaencasud thagngiben tseldwager-pass

| i qui d- phase, honogepeous, catal ysts_.or can .be s orte nasolid carrier
o pr ovi do S RBE o hestienah P rse 2oy e, PR € duiF e oS ordpfihe
sec- butigl beszelnatroan. d8incoRegi@n ibyclitiidiatien iseirpedcatdlnie vieet wehn sahbitwity #H00C
and about L%?0.?.00, .s}t:qc)# as abﬁ)ut 900C to ﬁbout 1300C, and ﬁ Igre sure off about
0.5 to aboBPB®PePhYdptiePRYIDERENG FOBEEIN kPSS NOBSS PEPEURT M EHEPEgEhe! may
be added t gcleqinely Wedlkylagigdithe bieribuadbiatet hal WoYbutyMeRaYr i gtht Nenixed
oxidation. In_addition, an agueous phase may be i ntroduced, which can help
di ssol ve b&EVORESHDdtfids Ssh dRtRUy DSERCH 284 rigto ey BenZeife alsefleafaladede BiRifer si on

in the oxi @?ﬁdl? fhat ts8RLISILRIARAE (AR Yunk &Rt dBAkAWicAO owk ChedoRbdtrdort S¥eert-
formati on of byproducts. The oxidation reaction is_ conveniently conducted

i n acatlal ybrylbgnzsns prcaisp-ortyihsnzeng fribe fsducsd de ey Yo davsle nathrytavigmiigeaiioste

produced nayRQ.5APESLERNIBG By di stilling off the unreacted
sec-butyl benzene prior to the cl eavage step. Sel ective Deal kyl ati on of

Tert- and I&¥5But yihbdertlerionoGB4] codustediin thctnsesprasé pcelalyft speemcgsprsingsuch
S0 but yi banbane heure Giog ik PONARy PRRAGEL bt R LRRTERO S0 e
oxi dat i on pe@dite¥szeobigehamt a mhleculal satvie wéihy MOMW-22efawily. Soitabtt melctwe sprvesduct
iOfSOf Bﬁtzﬁl E%% ﬁltei1\9{81\4?5??@%13{39?6§§5Jté&e§o£§lf?é’ﬁ:zz'}’9§ﬁ%‘,’%éza%?ﬁﬁBH?ﬁ'éR?ﬂ%?Q,e and
yibenzene are ensel ves
MCM-36, MCM-49, MCM-56, UZM-8, and mixtures thercof. The dealkylation catalyst
system may also comprise at least one hydrogenation metal, such as palladium, ruthenium,
nickel, zinc, tin, and cobalt, with palladium being particularly advantageous. Generally, the
amount of hydrogenation metal present in the catalyst is between about 0 and about 10 wt %,

25  such as between about 0.1 and about 5 wt %, of the catalyst. The hydrogenation metal can be
supported directly on the molecular sieve or can be supported, partially or totally, on an
inorganic oxide separate from the molecular sieve. Suitable inorganic oxides include oxides of
Groups 2, 4, 13 and 14 of the Periodic Table of Elements, such as alumina, titania, and/or
zirconia. As used herein, the numbering scheme for the Periodic Table Groups is as

30  disclosed in Chemical and Engineering News, 63(5), 27 (1985).

[0056] Suitable conditions for the dealkylation step include a temperature of about 130°C
and about 260°C, a pressure of about 100 kPa to about 1000 kPa and hydrogen to

hydrocarbon molar ratio of 0 to about 1000. Any suitable reactor can be employed for the

dealkylation step, although a catalytic distillation reactor is generally preferred.
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oxi di zed at a much slower rate than sec-butyl benzene so that, given the | ow
per - pass conversion of the oxidation process, these inpurities wll tend to
bui | d up wbeomx4elm®i on recycl e stream Since separati onPoy/use@wiosieat i on is
inmpractical in view of the simlarity in boiling point of these

but yl benzene i soners, the present process adopts the novel approach of

sel ectively deal kylating the tert-butyl benzene and i so-butyl benzene in the
m xed butyl benzene feed. Since tert-butyl benzene and i so-butyl benzene are
deal kyl at _eqloosv{e TaPI lavkyldtion S&F-RREWRENDENGs tHe @t-budBshtRatand iso-
deal kyl ation allows the concentration of tertbutyl benzene and )

i so- but yl bény&ezepg ipethe depdc g bengeree pyd (isgvbutenge pathyfhe Haftr spcqiing fvigamhe | oss

of the desiy @R cRaCm Mt KEPRNAENRe dllbfa%ihz&}@@o@mme@édceef ﬁ}tc{?@geh,fbeéng

conducted in"the presence of a catalyst system conprising at” | eas

deal kyl at i oestuecst talisasutangpiTdwl deglkiclamgiy ¢f8hand cait thee e fragiivaated IXSMG) straedl i t e
beta, zeolite:Y...Z i I: V- t amd v.

Sui £ 201 5 Py pespRBtbe et Ach Bl R b e G Sop f Barbb! HeahiTIGH o
PSH- 3, SSzs2&m, BRBa ICs strdp@. | By rehiQving avigvh@astedviSbud@e iMDvHBStionaivk 8¢p, alred

m xtures thereof. The dealkyl.at.ion t.alys yst em . also ¢C ri.se at
Tenst | ome. RO Suunat i md §iR gl SRURE Y ST TR R Bl ST RERRE ]
tin, and cabalvajucwk plecpadrk adisaroctioeiand thealitutydbdnacrey inattly Ent-agenusan beeselr al |y,
t he anmount o p%gngggna ion nmetal present in the catalyst is between about
0 and abouf® 1§ W9 LEH as between about 0.1 and about 5 wt % of the

cat al ysu. Teuss8hydrogendidlgnhoetakylsisn Qealsuppaddn echydintladd hy oligorhdiation

nol ecul ar sieve or. can be supported, partial or totall on an jnorganic
Ot e sopaf i KBk fHs Oricerar &t S ETEN nh pharann samive’ Db Rher ude
oxi des of GuebPgerndratdl, byl dealtithtibd oBfthd her-Hignbading ahahiebafibal-ementas lecastich as
alum na, titanjia, and/or zirconia. As used herein, the nunbering schene for

the Peri odiPetbphrligomegaidopdsalednstpass edughpeaineas Baterantsd gt the BFIZAY News,
63(5), 27 GAE&RIbutifAREL it HallyRatoR RECh Y Fra@bnatite deal kyl ation step

i nclude a tenperature of about I300C and about 2600C, a pressure of about
100 kPd5t o [¥58Lt Twowe wrkedapant.filidesdeintion sty sreopdickdmnmbloast aportion Adthq t o

about 1000 ¢rfyay: Stnk 3lyRatioR 6RLs, GaRtrllf STP!O%ER TP TunfchGe Aol KN &id step,
al t hough a catalytic distillationreactor is generally preferred.[0057] The

deal kyl at i dustaspl medusst i vel y converts the tert-butyl benzene and
eacti hg witlRUE he bt S bER A R EREIFRL! 5 0ERGR th RO ERRIAEL o
i n the pred®meechfstrbam ravpemng & separagdu citic sag-tiugdbehatnahgdrofidrexidetibyheat i on
effl ue@b C%ﬂlute&e& t eeogiﬁagﬁﬁ ip?or}gstse%oin%n?en?ly,ct%e ?etcg/glgg:['ream is subjected to an initial
hydrotreating step to remove any remaining oxygenates, before the recycle steam is contacted
with the dealkylation catalyst.
[0061] In yet a further embodiment, both the alkylation effluent and the oxidation recycle
stream are subjected to selective alkylation steps.

25 [0062] Depending on the level of these impurities in the original butylbenzene feed, the
dealkylation step allows the concentration of each of the tert-butylbenzene and iso-
butylbenzene in the feed to be reduced to less than 5 wt%, generally less than 1.5 wt%,
typically less than 0.15 wt%. At the same time the conversion of sec-butylbenzene is
generally less than 1 wt%, typically less than 0.15 wt%.

30 Hydroperoxide Cleavage

[0063] The final step in the conversion of the sec-butylbenzene into phenol and methyl
ethyl ketone involves cleavage of the sec-butylbenzene hydroperoxide, which is conveniently
effected by contacting the 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
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rich in sec-butyl benzene which can be fed to the oxidation step, a benzene
stream a Cl4+ stream and a C stream By renoving any unreacted isobutene
in the fraotoomaeicon step, the benzene can be recycl ed POTIUSROMOMFI6BEI

al kyl ati on stage, whereas the isobutene and isobutane have val ue as
precursors to iso-octane and the di butyl benzenes in the G 4+ stream can be
used as fuel blending stocks. [0058] Alternatively, the deal kylation

catal yst system may i nclude an oligonerization catalyst, which may be the

sane as or et HeHERPa, fsh@Mid RRuded kbl Po0CRERANSE 1iqH@ hblhd spal€ vEis@arnbut ene
generated by deal kyl ati on of the tert-butyl benzene and i so-butyl benzene is

at | east p&kdP¥) P%FG%PPQWQYQI@HDXMS’ of abeut G & pbous tl PG A, mﬁw&bﬂm@awnl tan be
separated fromsh e BeRZENG BQméﬁQ@QH&&%?ﬁQ%ﬁﬂébk, Qﬁﬁw@%ﬁhﬁ% Alid QRvent
effluent by fractionation. 59] I'n one enbodi nen deal kyl ati on step
i s conduct érig the cleeagt reactimr sichres ghethy eethed kﬁ@matph@fol tOheeCahuml Q@EPngNnto
processg g I re f i ted
product . ggﬁ%Q£H%mgk%%&?he?R¥%ea ﬁgﬁ%ﬁ8¥higdggﬁé§@§fﬁgﬂmg?é%%i%H%%%gucted
on at Ieasﬁwaﬂpmmmnmn of the recycle strean1renaining after separation of

t he sec-bu nz o [ r ent t '

process. Ci%d\?g [ eﬁ@? C%X%te&?pgc?’)%gﬁg ﬂ{setc?éggré}jl S’stf“esuatr)l%e ?%eg(gorlfgi)&tg& (Tc%nd

hydr ot r eat ihegrogtreput @talyhove any remai ni ng oxygenates before the recycle

steamis c te h,.the deal kyl ati on 061 rt her
ormodi mant T0UsSE 1 Sl pPSeRERs SR eelih i ul e i Pekfhng ol bom
are sulipecipheiph@ics etie.chydrechadricy had i200 Istoa&aesu[f&%&]mdDeﬂefrdj Bitlotide, thoeod evel
of these QEP rities in the ori %agg but.yl benz eed, .t he deal kyl ati on

step al | owd {48 oeht H AT q A ctﬁ‘%‘fie t¥fe Br‘?f BUYSy PHBASARRS AFlgpvase

i sobut yl berzeRes.i nhetﬂ}efeifraﬂ@bnﬁdgemlm aewv@g@camysk RsElfirfaRid® Wt % generally
| ess than 1.5 mﬁ@b ty&Pcally | ess than 15 wt% At the sane tine the

conver si on (665 ec A Eel?ﬁ%ﬂ%@nF%ngféﬁé’rshifqry“sFégéhﬁt Risivage Wi o5C-bPUPeElsy | ess

than 0. 15 wWitpdinddoRenax @ etk @AYageh w&}ﬁgdldlaf%nfmd}aﬂonﬁé 8Rcal durh A clay,
conversion of the sec-butyl benzene into phenol and nethyl ethyl ketone

i nvol véds cledssgechm Ve P§@et ot $R B HZe s #igr Blsepuxs a%whwhné AnGogporated
convenlentm&fgﬁgg@%ggc@y contacting the hydroperoxide with a catalyst in
the liquid asé at a tenperature of about 200C to about 1500C, such as
about 400C[¢£)Q§7hbonwhenmmas daserdhed ae bofg amebitin BEpactiwd opicic® 500 mEat thauch as

about 100 t118 oﬁ’llgp ébtecu]—:é)g%r&grﬁ (@ngwglghf &%eﬂta@@h‘{sksy icARSfts eﬁ{laﬁ% Bly greater than

that specified.
20  The invention will now be more particularly described with reference to the following non-
limiting Examples and the accompanying drawings.
Example 1 Dealkylation of Sec-Butylbenzene (SBB)
[0068] A MCM-49 catalyst (100 wt% zeolite) was dried at 260°C for a minimum of 2

hours before testing. 0.5 grams of the catalyst was loaded between two 0.25-inch (0.6 cm)

25  layers of inert, 8-grit quartz particles that were previously dried at 120°C until loaded into the
stationary sample basket of the reactor. 126 grams of a sec-butylbenzene blend was added to
a 300 ml batch autoclave reactor. The sample basket assembly was installed into the body of
the autoclave reactor and sealed. The reactor was evacuated and purged twice with nitrogen
to ensure the elimination of air from the head space.

30  [0069] The reactor contents were mixed at 1000 rpm with a vertically positioned impeller
located in the center of the stationary sample basket. The reactor was heated to 170°C for
about 30 minutes using a programmable autoclave controller to maintain constant ramp rate
and temperature. Reaction time zero was recorded from the point at which temperature and

pressure targets (170°C, 446 kPa) were attained and stable. At the end of 1-hour, ~1-cc of
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(LHSV) based on the hydroperoxide of about 0.1 to about 100 hr 1,
preferably about 1 to about 50 hr 1 . The sec-butyl benzene hydroperoxide is
pr ef er ablwodniouezoi n an organi ¢ solvent inert to the clPeaNBIWINE®EL i ON
such as nethyl ethyl ketone, phenol or sec-butyl benzene, to assist in heat
removal . The cl eavage reaction is conveniently conducted in a catalytic
distillation unit. [0064] The catal yst enployed in the cl eavage step can be
a honpbgeneous catal yst or a heterogeneous catal yst. [0065] Suitable
hompgeneousrfh&AVAIK utA Bl YatiBe FBGhUdEnStlal Wabfondkekidd rRani RvALAtonasdsd,
phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric
chloride, #ewen Attrt%/@f Fbpi the reastipt periadh dhe w8 vendlissantnyedtthe ssarige cegled 81 so

effective HARRACNAAHSHCLBANABRI GQHADY LS redin&l. PHRT SIF&nRO RYRACRH Seted
cl eavage catalyst 1s sulfuric acrd. [0066] A suitable heterogeneous

cat al yst f drougheutj the ievast ehvanglyzat Toisdndbudey Hisdppénandiyngt obes sindetakenc] udes

snectite c : ci dj i i Llhca- al.um as
descri bad It S BnAEE! ST BhIRN O i Thighcly B MRty 7

i ncor por at edmpeit@inrpfhight efrmoeentein hoeewy pirerwaa iddntied v itwseldsslveldad tlaes
being "rich" in specified.specie Lt I no ot her .specikes is
pr esent (o%quﬁggﬁhgﬁﬁ%ﬁg% ?%g%sgggFgféP%ﬁ%%gzﬁ{gggﬁégﬁﬂng%rwgggbﬁgﬁthan
t hat speci tolechn (6ord, D2Fmnt Nl widrb noay e tivkeespadrtd < fhae ligniesc detbaor Wi t h

reference t e fol l.ow ng, nonl.im t.i Exanpl es and the acconpanyi ng

dr awi ngs. @Eﬁgﬁ&“&r- oS glltsa%r?ﬁl}?w&m%%@f%ﬁtyl benzene (SBB) [0068] A NCM 49
catal yao ( Ex@mpie% Deslkivia€ipn vEEertiBuedbaized&@®BB)f or a m ni num of 2 hours
before test] 0 r ans th at al yst s |.opaded between t . 25-inch
Cor o o STIERL ot RGBT of ke £kt ieh e Y erB R RSt Eon iy
dried at 12Mccdiby 126 framdeta tert@ttingz&te dldn@N AleYinSRdIREgts BasHkeln of Fighe 1

reactor. 126 grans of a sec-butyl benzene bl end was added to a 300 ml batch
aut ocl ave rPrBhEFRGnStrate that yrhsicas Biges sHRGRHRlIX NG eraversier of fhe deq-Prtybensenshody

of the aut gftaue 4"RALLAN ora@mpRal @Bout TNEW £ BE IR Mter(B Sy BYALHAvaH dand 1h4r ged
twice with nitrogen to ensure the elimnation of air fromthe head space.

[ 0069] 1The oredls rsriod ghthe fresoffisp@rlsixed at 1000 rpmwith a vertically

posi ti oned gyapgld D ehREALSH of SBBABECRR BFe RiDiftlienSTahQIARKYs SanPl e basket.
The reactolr was heat e 0] or

[0071] The process of Example 1 was again repeated but with the sec-butylbenzene blend

being replaced by a mixture of 120 grams of sec-butylbenzene and 6 grams of tert-
butylbenzene. In addition, in Example 3 two separate dealkylation runs were conducted, one
20 at 170°C as in the case of Examples 1 and 2 and another at 150°C. The results are shown in
Figure 2 and demonstrate that at 150°C, sec-butylbenzene conversion was negligible after the
4 hour test, whereas 5 to 6 wt% of tert-butylbenzene was converted. At 170°C, sec-
butylbenzene conversion was only 1 to 2 wt% after the 4 hour test, whereas 22 wt% of tert-
butylbenzene was converted.
25 Example 4 Hydrodealkylation of SBB/TBB over PA/MCM-49
[0072] A catalyst was prepared by combining MCM-49 with a 1.25wt% solution of

polyvinyl alcohol (PVA) to target 0.5wt% PV A on a solids basis and mulled. Additional
water was then added to target 42% solids and the mixture was mulled and extruded into
1/16" quadrulobe extrudates. The extrudate was calcined in nitrogen for 3 hours at 950°F

30  (510°C), ammonium exchanged with 1N ammonium nitrate solution, and calcined in 60% air
for 6 hours at 1000°F (540°C). The extrudate was then impregnated via incipient wetness to
0.1 wt% Pd with tetraammine palladium(II) nitrate followed by drying at 250°F (121°C) and
calcination in full air for 3 hours at 580°F (304°C).
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about 30 m nutes using a programmuabl e autocl ave controller to nmaintain
constant ranp rate and tenperature. Reaction tine zero was recorded from
t he poi ntweatowii4etsot enper at ure and pressure targets (1700TUS4eb8/0kI8a) wer e
attained and stable. At the end of 1-hour, ~I-cc ofproduct was extracted
fromthe reactor. The total reaction period for this evaluation was 4
hours. At the end of the reaction period, the run was discontinued, the

react or cooled to anbient conditions and the total |iquid product retained.
Only incre pl 9aplhgSoemt raGial hRALRUIROWadddBethbih MR €25FncNAlYz6d.
Thi s incl udes the fourth and final ~l-cc sanple taken under reaction

condi t i ons inery SoiEt qudralnpeickes Hhatareigarreaudd doed 1hd 28<s uniph logded: Hie the

conposi ti 0QERinaky gampl&wgparb@ MSrchdlort NE mfARLIorRPGSRNYGSscb BERT bGBLnd éﬁdté‘ose
di ssolved in the }%BI d phase. This analysis was performed’using an HP 6890

GC equi ppedram tek- balt cpzegdanedded o 3Q) m5 heteh Bitodlave) regcgorndihe sarplp hﬂsket
thi ckness) a?s@ﬁilbf} s HBalleﬂthéacEQB{qzd(ﬁ{tﬁ@585cl§ fQActéjr%ﬁ% Lo, Th€re %@1"%\'585 are

shown in Figure atiron o -Buty enzene [ 0070]
The proces svrmflatai( alrrﬁbpwqu esc W@béﬁﬂl@gerbwt enﬂmteth hlemimeonbef ait fremzthadcdl end

bei ng repla acg lﬁ{e %‘a% grlswa?sfthéle ér s[sure? ou? pesa%alélgegl”a)%g%lhggégganesm ts

are shown i gure defronst re’was tlaIIy
no convers|emr@[£ropdneeastmgah1umgbﬂmemfEales d’frésemreb»here@ummo athaais 25 pfig m&@h)e 1,
about 12 wtt% of the tert but yl benzene was deal kyl ated over the period of
the test of "EXERPIE"S. Exanpie 3 Deal kyl ation of SBB/TBB M xture at

D fferant Tevapr atRLd:ﬁcﬂSr {DEAK] wdrh enipedoste D0 Qf)mEMi&ﬂ‘erﬂiﬂ:alV}aﬁos&@ﬁéd’llm@ﬂeﬁt ed

but with the sec-hutyl benzene hl end bein epl.aced by a f

oram of SACHEIIYMbEIEna ShauBo BT BekEt by Fsah B de b SHAC Tgn, i ¢
Exanpl e 3 tysut Sepahr@tLusiead fpbahinBlel dfglane thtuackd Ghhttain @Otk ralﬂﬂ)ﬁﬁ as in
the case of Exanples 1 and 2 and anot her at 1500C. The results are shown in

Figure 2 aftd EHERSYT-at¥dict FRAENIRY CCTPORErS. SEACIH I PRATHERS WA AETHHeCAOBH Hhas

negli gi bl e pgbtery the 411&110!40 pbi Iy drovhiewRasd @ytrggufatde«/tté?/q&fsygteﬁqt RutachhpRzene
was converte At 1700C, secbhutyl benzene conversi on was o s\,égo to 2 wt%

after tifle &SROt recesied fighethe et wikdp lemperatufoRe Pres e Ergst ‘CofVerigkd.
Exanpl e 4 Byglr aa%hkamh%b&n &i‘ th§Pe§ﬁB¥Ei RGBT~ 1P&/ M AR+ Wng&ac&dC@érﬁllﬂét was

prepared by conbi ni ng MCM 4 a 25W % sol ut1 on of pol yvi nyl al cohol
(PVA) to tagaget. @heama%wwmrlad ﬁ@lthlﬁsvaﬂialstplswahél hewygb.| Atithe g pf the regktionat er

was then a‘BQf?&i [h% rﬁ%gse&lsc%ﬁ%u%@lthglsea&&dcotoﬁﬁ t&lﬁﬂlgﬂt%omoﬂh& ﬁlg t@tglqlq%i(c{ ruded

into
product retained. Only incremental samples extracted through out the run were GC analyzed.

20  This includes the fourth and final ~1-cc sample taken under reaction conditions.
[0075] Product analysis by GC was based on the assumption that composition of light
components in the vapor phase was identical to those dissolved in the liquid phase. This
analysis was performed using an HP 6890 GC equipped with a DB-1 column (60M, 0.25mm
ID, 1 micro meter film thickness) and an FID detector. The results are shown In Figure 3 and

25  demonstrate that, although about 8 wt% of the sec-butylbenzene had been dealkylated after
the 4 hour test, the conversion of tert-butylbenzene over the same period was almost 80 wt%.
[0076] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference

30  should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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1/ 16" quadrul obe extrudates. The extrudate was calcined in nitrogen for 3
hours at 9500F (5100C), amoni um exchanged with IN amoniumnitrate

sol uti on,weandigabmbned in 60% air for 6 hours at 10000FPCHABR@p/05Z6RE
extrudate was then inpregnated via incipient wetness to 0.1 wt% Pd with
tetraanm ne palladiun(ll) nitrate followed by drying at 2500F (121C) and
calcination in full air for 3 hours at 5800F (3040C).[0073] 0.5 gram of the
resul tant catal yst was | oaded between two 0.25-inch |ayers of inert, 8-grit
quartz partpetregAivgl were previously dried at 1200C until |oaded into the
stationary sanpl e basket of the reactor. A m xture of 120 gram of sec-butyl
benzene and 6 gramtert-butyl benzene was added to a 300 nl batch aut ocl ave

reactor. THe safpirecchafkaeduging dhmleyelygd dort-hatypnzsee inng sixaddubdeppzeare fedre

aut ocl ave k&6, RAbuHnEthy aHl%el BAGHEZHEHEYREUR BN, PHiEET, Wil Co

wi th hydrogen to ensurue tn g%m ﬁatg?tgn i air from tC ep eggd spaceg

bat ch r éactiesd under deplsnlajmecpndition wish alﬁ@altvstzsosﬁermpglp(lﬂmg@ dkﬂa)latwntcmahyﬁr ogen
to ensure f r 1.0
about 25 poarep YR L ARLERE, FRIEIGR R et RONTY 1 POREALR It FRARSALD

m xed at 100@prigsbenztie aad warchiheai loyvepagictitenedof tapdhtybenidcoc e shid feed.he
center of the stationary sanple basket. The reactor was heated to 1700C for
about 30 m nutes using a programmabl e aut ocl ave controller to naintain
constant ranp rahepracs dfnigieriabhiran séMd feed corrdohipng SOenpae@butytbenzeeaatdr

vapor essure_jncreased to out 40 I 7 kPa) Then, 40 psig hydrogen
was fed”by S?lgﬁfﬂuﬁ?tﬁﬁe%“f%aém?ﬁ;ﬁé%% ‘ﬁpe/g%ﬂlbﬁ' §9A8%2er 0 was recorded from
t he point at whi ch terrperature and pressure targets (1700C, 40 psig) were
attai ned and st he end ~l -cc gr oduct was xtract ed

f_ -
fromthe r acto PFH%@S% ?ﬁi%ﬁl *ﬁ“B% Bg‘?fFIBdalfié?edta 0 SOBPHICH BOTOgR!
hours. At taﬂ&sa%ﬂ@bn@hﬁuﬁé‘@ld’cﬁﬁﬂ)t ﬂ&ﬂ(y[h@d'sltl‘%jiso HiGIbEMRnNASh diaﬁéhﬂfléﬂlﬁ'éiﬁ‘@ltreahhe

reactor cooled to ambient conditions and the total |iquid product retained.
Only i ncr eRTt QPveseorpingationqfisaehudy berrepean tAid feethe run were GC anal yzed.
This ingludes the fourth and final ~l-cc sanple taken under reaction

condi tions. [0075] Product analysis by GC was based on the assunption that
conposi ti o of Rirgeressonpodusinephirrpl apemethplorthyp ketses, WigProcdErOMpEFingo t hose

di ssolved in theli %hgcﬂél%ﬁzen%r&hé a@%‘léﬁ?ﬂ s%reéﬁﬁ%m&’é? @Ea‘ﬁ%ﬂ' cb&ﬁht% %Hd fiP 6890
GC equi pped wi t a DB-1 col um 0.2 0 nmeter

t hi ckness) thenprespncdEoDan efledation . catplyst tqeswldtl@ ar élkghbvm cffhiem @MEIS@gamd
denonst ratg t&{b@flﬂ:n i§ob§}$ﬁ%e§zt%9é‘£nd8ce¥‘% R)fenéeng sec- butyl benzene had been
he

deal kyl at e ter our test, conversi on of tert-butyl benzene over
the sa®@ period(bdas @htwotstg 0lewst % portion of said alkylation effluent under dealkylation

conditions with a catalyst system comprising a dealkylation catalyst whereby iso-
butylbenzene and tert-butylbenzene in said at least a portion of said alkylation effluent are
selectively dealkylated to produce a dealkylation effluent which comprises benzene and
unreacted sec-butylbenzene and which has a lower concentration of iso-butylbenzene and
25  tert-butylbenzene than said at least a portion of said alkylation effluent;
(©) oxidizing sec-butylbenzene in said dealkylation effluent to produce an
oxidation effluent comprising sec-butylbenzene hydroperoxide;
(d) cleaving sec-butylbenzene hydroperoxide produced in said oxidizing (c) to
produce phenol and methyl ethyl ketone; and
30 (e) recycling at least part of the benzene from said dealkylation effluent to said

contacting (a).
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[0076] While the present invention has been described and illustrated by
reference to particular enbodi nents, those of ordinary skill in the art

wi | | apprwoizatog4edsat the i nvention | ends itself to vari @CIrasg000052631
necessarily illustrated herein. For this reason, then, reference should be
made solely to the appended clains for purposes of determning the true
scope of the present invention.l. A process for reducing the |evel of
tert-butyl benzene in a m xed butyl benzene feed conprising tert-butyl benzene

and SeC'bPBy|be@&??ﬁma&hﬁj&mﬁpa§Sﬂ@&ﬁpﬂksmﬁﬂmﬁ%ﬂ&%ﬁ&hQQo&R@dﬁ@%@ Hipder
deal kyl ation conditions wwth a catal yst system conprising a deal kyl ati on
cat al yst wisePRIgs upisaqted bangeneydnd spidaiecapisd danzseg isvaeparatgd Aloryait ellylpiéon

produce an & thiiRRke Sid GAMMY @) conprises benzene and which has a | ower
concentration of tert-butylbenzene than said feed. 2. The process of claim

1 wherein said feed contains up to 50 wt % tert-butyl benzene and said

ef fl uent strea 1.0S t ha %: - e cess
of claiﬁ11%br g?%?ﬁ%%?ghﬁtﬁgﬁﬁ gaﬁgé?%ggqiﬁ%%mgggﬁ%ggﬂé %g%?%ﬁt%yﬁﬁgkgene
and sai d celkyhoon efffuge fisoetyicled Ity sadbednkegtizg @ t he i so- butyl benzene such that
said effluent streamhas a | ower concentration of iso-butyl benzene than
said feed. 4. A process for produci ng phenol and nethyl ethyl ketone, the
process cofpri sThgprotay of @ang act bfiglaineng ené aaddugheC comefiding fhctamngreer

al kyl ation conditions and in th resence of an al kylation catalyst.to
ot oduce. andSRyTisp RofeBr Prrodate CobFRemit Selipnsin SoneR Sy
benzenaoandffivesitt intout yechhatztengsnedh poaidhawhichns @didikeliaiatsaid qalitih®(t)0dndsai d
al kyl ati on effluent under deal kyl ation.conditions with a catalyst system
Compr i si ng PEAARETIORTL DR FHR T L ERPCIBE Gy | benzene. and
tert-butyl benzene in said at |east a portion of said al kylation effluent
are selectively deal kyl ated to produce a dealgﬁlation ef fl uent which

o

conpri ses Benzeft@rease anrradictnghsrl apd mgihlestiig Ketont ewrscets RES S ower

concentration ofa)i sQohidbiiRNZSRAnd AT, tfin- i REN288RtibA b BRInd aAd il east
a portion of said alkylation effluent; (c) oxidizing sec-butyl benzene in

sai d ddal kyftcapictncePf japaftylation retslist & arpdese nelkylatier efflyentt camsingsicty

sec-butylbgg@ﬁﬁgKQMQ&pggﬁQ&&gﬁkmgq%p&%ﬁg¥&gg;sec-butylbenzene hydroperox!de

produced in Said oxidizing (c) to produce phenol and nethyl ethyl ketone;

and (e) recyclitiy atoxidzsg pphefithofecbheylisarene iesafd Bhvlasmndfideal tpraiveom

o Lh ot o A PPEL R ke B . RO oG
iso-butylbenzene and tert-butylbenzene;

20 (©) separating at least part of said sec-butylbenzene hydroperoxide from said
oxidation effluent to leave a recycle stream comprising unreacted sec-butylbenzene, iso-
butylbenzene and tert-butylbenzene;

(d) cleaving sec-butylbenzene hydroperoxide separated in said oxidizing (c) to
produce phenol and methyl ethyl ketone;

25 (e) contacting at least a portion of said recycle stream under dealkylation
conditions with a catalyst system comprising a dealkylation catalyst whereby iso-
butylbenzene and tert-butylbenzene in said at least a portion of said recycle stream are
selectively dealkylated to produce a further effluent stream which comprises benzene and
unreacted sec-butylbenzene and which has a lower concentration of iso-butylbenzene and

30  tert-butylbenzene than said at least a portion of said recycle stream;

() recycling at least part of the benzene from said further effluent stream to said
contacting (a); and

(2) recycling at least part of the unreacted sec-butylbenzene from said further

effluent stream to said oxidizing (b).
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conpri ses unreacted benzene and said unreacted benzene is separated from
said al kylation effluent before said contacting (b). 6. The process of
claimb5, wbherw/oa2sai d unreact ed benzene separat ed from arasatopsmsi on
effluent is recycled to said contacting (a). 7. The process of any one of
clainms 4 to 6 and further conprising fractionating said deal kyl ation
effluent to renove C hydrocarbons therefromand to separate said
deal kyl ati on effluent into a sec-butyl benzene-rich portion, which is

oxi dized in said oxidizing (c), and a benzene-rich portion, which is
recycled to said contacting (a). 8. A process for producing phenol and

nmet hyl et hyl kelbherocgspef ﬁgﬁ%§s§’h§1@}¥p‘?ﬁidsieﬁ§>.le fteopmeis ritided e HERT PABIOANd a C
ol efin streamyyndaeclahy sal cOMaGRBg! LRNSR Idfidnh GhRHES RBGEOdirRily to

al kyl ation qatalysg to produce an al'kylation effluént conprising

secbut yl berzdnasidizingdbbut yl benzene and tert-butyl benzene; (b) oxidizing part
of the gec-butyl benzene in said alkylation effluent to produce an oxidation
ef fl uent conprising sec-butyl benzene hydroper oxi de, unreacted

sec- but yl béfizen&he precshefiojdibermd e ttencbnmeisingbut y| benzene; (c) separating at
| east part of 5@1‘ d She%fol?r%%t}/nl RENAEAGNALORE! Q3thide: ol L RMSH gengkéi 9{% Jrdfh
effluent to |lea é a recyc g5 rean1c3npr|5|n% Unr eact ed see- u?y enzene,

i sobut yl bepriene saddortarting ba)t yl benzene; (d) cl eavi ng sec-butyl benzene

hydr oper oxi de separated in said oxidizing (c) to produce phenol and nethyl
et hyl ketone; (e) contacting at |east a portion of said recycle stream
under deal kyl at Thapro@Rdoftdn@dse Wi dldima § cat @AndShrtisey sér@phisir@Ipri si ng a
deal kyl ati on cat.al yst whereby isobutyl benzene and tert-butyl benzene in said
ot | enst a por tiibn’ rechirny seyb artad SRR SuGR abt pery UeabRpaDel o
produce a fherdfhal alf fol predice St 1aamn vhizede-GdMRidise SordaZ RBR1iaf df) LAE @akt-ed
sec- butyl benzene and which has a | ower concentration of 1so-butyl benzene
and t ert - bGPYybseasResHeh frpction dyisaidascyr'ded®)-a portion of said recycle stream
(f) recycling at least part of the benzene fromsaid further effluent
streamto said contacting (a); and (g) recycling at |east part of the

unr eactléd déc- bliksPBessy ég@alfnr bnvharig spid rftaﬁ%?na'éﬁl% (it Predycamprheayy SEpiin
oxi di zi ng ChhpSinglNIBuPHALERR. Of claim 8, wherein said recycle streamis
divided into a first portion,

13. The process of any preceding claim, wherein the dealkylation catalyst comprises at
least one of ZSM-5, zeolite beta, zeolite Y, zeolite X and a molecular sieve of the MCM-22
20  family.

14. The process of any preceding claim, wherein the dealkylation catalyst comprises at
least one molecular sieve of the MCM-22 family 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.

25
15. The process of any preceding claim, wherein said contacting under dealkylation
conditions is conducted in the presence of hydrogen and the catalyst system further comprises
a hydrogenation metal such that iso-butene produced in the selective dealkylation of said tert-
butylbenzene is at least partially hydrogenated to produce iso-butane.

30

16. The process of any one of claims 1 to 14, wherein said catalyst system further
comprises an oligomerization catalyst such that iso-butene produced in the selective

dealkylation of said tert-butylbenzene is at least partially oligomerized.
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which is subjected to said contacting (e), and a second portion, which is
recycled directly to said oxidizing (b). 10. The process of claim9 and
further cwoppimisezyd (h) hydrotreating said first recycl @Cstuse@opmst i on to
remove oxygenates therefromprior to said contacting (e). 11. The process
of any one of clains 8 to 10 and further conprising: (i) fractionating said
further effluent streamto renpove C hydrocarbons therefromand to produce
at | east a benzene-rich fraction for said recycling (f) and a

secbut yl benzeneTnd pobest 0RGhY PRcéRfe S@inf WIRENSE @ alklation RBondiiRs REALRSS Of
claim1 1 wherein said fractionating (i) also produces a heaV£kfract|on
y

conpri si ng IAMSTAYE e A8 e ¢nd 280°Criepisyteest 19} kBhyo JPAUL &Bt rad dydiogsn tther ei n
the deal kyhaghomdah@hato SQAMWNbSES at |east one of ZSM 5, zeolite beta,
zeolite Y, zeolite X and a nol ecul ar sieve of the MCM22 famly. 14. The
process of any preceding claim wherein the deal kyl ati on catal yst conpri ses
at | east one nolecular sieve of the MCM 22 famly selected from MCM 22,

PSH 3, SSz-25, ERB-I, ITQI, 1TQ2, MM 36, MCM 49, MM 56, UZM 8, and

m xtures thereof. 15. The process of any preceding claim wherein said
contacting under deal kyl ation conditions is conducted in the presence of
hydr ogen and the catal yst system further conprises a hydrogenation netal
such that iso-butene produced in the selective deal kyl ation of said
tertbutyl benzene is at |l east partially hydrogenated to produce i so-butane.
16. The process of any one of clains 1 to 14, wherein said catal yst system
further conprises an oligonerization catal yst such that iso-butene produced
in the selective deal kylation of said tert-butyl benzene is at | east
partially oligomerized.17. The process of any preceding claim wherein the
deal kyl ati on conditions include a tenperature of 1300C and 2600C, a
pressure of 100 kPa to 1000 kPa and hydrogen to hydrocarbon nolar ratio of
0 to 1000.
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