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"PROCESS FOR PRODUCI NG PHENOL AND METHYL ETHYL KETONE FIELD 5

[ 0001] The present invention relates to a process for co-producing
.phenol and net hyl ethyl ketone. BACKGROUND 10 [ 0002] Phenol and net hyl
et hyl ketone,ar.e . tant products in the chem cal i r
exanpl e, phe‘ﬁ@lﬁ?"léog}t}gfeful in the production of phenoli %&?%@ﬁg]o

bi sphenol A, c-caprolactam adipic acid;_ alkyl phenols, and

pl astici zers, whereas nethyl ethyl ketone can be used as a |acquer, a
sol vent and for dewaxing of lubricating oils. 15 [0003] The nost
common route for the proPROCESS ROR PRODUCING FHEKGIOANDI S by

dehydr ogenati on of sec-butyl gl Eﬁiﬂﬂﬁtégﬁghe al cohol being
produced by the acid-catalyzegﬂﬁigﬁggﬁa s. For exanple,
comerci al scal e SBA manufacture by reaction of butylene with
sulfuric acid een acconplished for many years via gas/liquid
extraction. 2 4] Currently, the nost comon route for the
production 6f phenol is the Hock process. This is a three-step
process in whifebo1 he Trepddserd tidRntidivielas fo Aprs¥dstor @A pRIduAESZRNE! At h
propyl ene to prﬁgﬁc unmene, followed by oxidation of the cunene to
t he correspondf ﬁ@ﬁ %ﬁ%?oxide and then cl eavage of the

hydr oper oxi de to produce equi nol ar anounts of phenol and acetone.

However, 25 tge r!g ggmand for phenol is growing nore rapidly than
that for acet _. tion, the cost of propylene relative to that
(gor but eneso i Jodozkel Whel afCheBFieethyll MetohOardintR Ve QRidaets SRk LGS
ropyl ene. Thus, a process pH%ha uses but enes instead of propylene as
t

feed and co- prostiites FRe e ol o s ipdps, erodpetion of rberplis ieEips: be

an attractive babheioNA} E-¢Eproldtds, ddipit hed pned Eﬁénblaparfafplah&%}k,-wﬁe%as
[0005] 1t is kn0\§¢plt{}$’£al ‘E)henol ‘?md egs%rkyl et hyl ketone can_ be |

co- produced byPeIY SYLkeione ¢an be,ps BFEe Sssalysntyapd: for dewaxing of
sec- but yl benz éneicating@ils.di zed to obtai n sec-butyl benzene hydroper oxi de
and the pe phenol ~and net hyl

Xi ec osed to the desired -2- y
oyl ket ol 194iEy oA BP BRF o rou JPibe Sxodndion o Eretiyd SRR IS
113-421 and 26¢d@6draptndlbn 0LS8-butd BlRBhct $SHP ith tNOalcoR3Bh el prbéRed
"Phenol ", pubhig%ed.q%gh%e é&@gforgbResearch Institute in cenber
1977. 100061 S8 MY rBiahzed, v dationipl biienssy Foeprle RSMEEFiAhsale e
W th n- 5 but enesaawebyasschai of buaiak with. suifite £ StdnyactdnplRked for
simlar to etg%qbeg%qge agq ﬁunﬁngAgroduction. However, as the carbon
number of the™alkyTat | hef agefit*T#lPbases, the nunber of product
i sorrelr ?) al200 [0904]eas Esrrerifyy them(iﬂp&cmm(ﬁi :Iagdeb‘emthe pﬁg{ﬂaﬁm Qﬂghénspig&lia

ro enzene WO i SQITELS umrene and npro nzene), an
But E%Ibenzene Hg‘gcsf) %)oﬁ‘?ssi s@hﬁ?aﬁss 3 (fjLee-s egoer?ce§se8‘- “}Ré‘hoﬁ? Zﬁ%ﬁ tep involves
gq_ut yl benzene) glkﬂ@ﬁomﬁﬁxﬁ@?ﬁhﬂhﬂﬂ@}&nﬁ Ita)ﬂn;dﬁdelcmmeﬁd, fdl&giemgroggmaﬁort 0

nimze n-, -, L enzene, .an en ut ene - product

f or mat i on. ThéigwﬁvﬁF%ﬁﬁ%G%i°%E%%%F5ﬁ| F?8¥B@fj?géﬁ?bﬁ@$mﬁé€gﬂ“
boi | i ng poi nt bydvapeyoxaleds prodiice amirbelirydnbanzefehantl akefenar Botidd cul t
to separatg f SEC+ enzene by distillatjo ee table bel ow).
ut y1 bone e IRE et of ERGELG: oinashor 1uly Meh i Sbsees o
s- But yl benzenzititidnnthBudsy biyeopybone t8aivedo hAORY Buikies BM#kELY to increase, due
isobutylbenze&e gﬂgogertﬁbutgépenz§ne ﬂge | anvin ﬁg be.inhibitors to
the oxi dati ondf ¥ERE PN BEHLMEPHEE HBUS: 8PFASES SR MRS DirarOpsteaxi de,
a necessary nebgiropsienp af foed indeopraiiueirany! efhy Rtday katied Mah ak@éRRgmyand
phenol . Thus, for cognergiaL prqd?céion, it if critical to maxim ze
the sechutyl b PEHECL WerpiNeTouts fo thperodyqion akphgpelpr ocess. 20
[ 000811 n addiooes), alt ishaoeh taesheholtil BRATEABYREBALIGHIbRRoHATAER by
maxi m zed by usinﬁ a P%%zgp-butene fgﬁgﬁFit IS desirable to enpl oy
nore econom cal*BtiteAe G Progess ir 3ducR:se¢-priyibenzene ig oisized £p obtain
Raf finate-2 c@obalylbendnd Hydrupershii@nenditk Peroide baohbRAgo M tdesitdi S




"August 5, 2005, we have described an integrated process for producing
phenol and 10 nethyl ethyl ketone, the process conprising (a)
.contacting a feed conprising benzene and a C4 al kyl ati ng agent under
al kyl ation cgpdhi-lens W th a catal yst conprising zeoli n
MCM 22 fam Iﬁazeotoi%?e to produce an al kyl ation effl uenEP%g}(l))t%)ﬁlmﬁhl&1
sec- butyl benzene; (b) oxidizing the secsabutyl benzene to pr oduce a
hydr oper oxi de; and then (c) cleaving the hydroperoxide to produce 15
phenol and nethyl ethyl ketone. The C4 alkylating agent can be a

m xed but ene fpheaol andawetind ethaf kitonet eArlowrviRadf sushtagpratess is described in

[ 00111Accordi Lo 1108, Pr Vi n t.hat
t he oxi dati onrﬁgﬂfg sec-b %Jlty ‘ggﬁizgflrs]g o?;ﬁré,sc%& E%ng%% ﬁe%%%g ﬁé)lé%]

i sobut yl benzen@hsead”, pablishedint thé Btamfbeﬁéseamhtlhmtdteewecbubera%b to

hi gher (C8-1) i ns nd.to as a result.of the
conpeting ol i g@b&{]i za%eltcgﬁ yr“;eegzé nleocr?gqfehgo lbcggu wgg % PEREe; gtﬁ) a-
cont act ed wht hbwememoved ag atid lcytslystu rithe chenibty! ia tvergrsimitn db Ethﬂb&zedetanﬁl as

al so been foun t th ction of, these ol f|n

i ncr eased whenql(';ln b4 ngu v engy?wegﬁ' 2§ theycatbon §§ 1“"%8'?‘]?“lg agent

Raf finate-2, iiscrasey the iimbefdofalploduat isngeragalnd 1n<2‘5as&U|V|\MRYe£eﬂQﬂeZ] I'n
one aspect, raesenth i nvention res bdes i n rocess for Qrogum ng
heno! and’ et TOTBERg et QP et amylstaus Bep i Pamrg:ciment shd 27 05
contacting bennqryﬂ:eamle)a 404 biteibenzenentiay fadr kigbradrs q@-, cxamdlsbt-prasd and in

he pr esen t| an, ¢ roduce an a
ff1 uent 3 rr{?fr’i,l{L g?eﬁ]gy sec- sﬁ%?g}a‘%g?%'éen%m‘g%gor&t 18 6?15?"?%8(0 miimige tp)
treating sai d igf-f t-befylbetzene, eahtbeshedyﬂ:umﬁm iy~ pﬁ:fdua;alfdimﬁﬁoh ol Biese1yand

produce a treaf f C i di zi.

sec- but yl benz n‘gu‘aftg és ﬁé’liyr ésgfbéladbef’ﬁn en‘ef‘%tbé’xI gvﬁryh%? ofefSxi de;
and (d) botymuzeng anklehdmpel rapp eliffimild éo fse;mmte( dont Gephugbaeenehbynol
and rmet hyl 3] Preferably, the treating (b)

i ncl udes a ch%‘géﬁ%q&%tﬁb%de?%such as olefin oligonerization,

sel ective reduction, selectivBupthedaineon, esBalingPadat t®n, and the
addi ti on of heteroatons to ol ¢Butydhentehe a conbi natédon thereof.

[0014] I n one enbodi ment, the &Buglbesteneonpri ses &1l | east one

nol ecul ar sieve of the MCM 22s{Batgiteizen€onveni ent 198, t he nol ecul ar
sieve of the MCM 22 fam |y 10niEagylbanzeter ay diffrB83%ion pattern

i ncl udi ng S hNg g 5 3.57+
3.41+0. 07 ngw gﬂn g& {:/cg%l Zigr’ﬂk%é/lb%?ﬁ%? et%rbfl"g?’l%fsﬂ?zgﬂl/ee s Wi“ec?tgd
from MCM 22, hkaibito§ t8SZh Soxiddidn1 of | T€@-bhfylheRan2, td/Che3Gorrbdphhdirg

MCM 56, UZM 8 J: X1 yr ular sieve
is selected f P %%15%1%2H %Eaggﬁ%ﬁpg‘éﬂhg ??bdlé% prge}gm%reg’ #ﬂdml%
ESO 15] Pref er atyl ghenolhel'hgs, fot edmmercighprodustion, é ik icritat toomvaméze theogec-
anple 1- bu R"gf?ﬁ odi mrent, said |inear
butene is con%’gtp Qé&’ecgw m-xe Eéalf)}]ag]tm? Fne%mggl ch is subj ected to at
| east one ¥ ﬂlﬂﬂﬂur Ilemsivﬁadn aliouglo gesrbutylirenzeat prcuingtg:ananebemxmmadd
but adi ene re r 0 (a).
Convent ont |y, PLareE AP we3PlbEIEed RIPURIAEE bl b EAREG! bllthe
Raf fi nat e- 2 sfeedsasuch[ag Rafindisrd/ ehitypinal Raffiszie-2 cothiys &tl%)buta:imnelamd @ns

al so incl ude t b b

pressure of 7806'0 10&";;1‘él lrwﬁheglés f“{cp%})e% Q%Lteg?ﬁfn ouf?fyas%ébeé%yéwgc?
(VWHSV) based wwaked4 exgpeciey) whichnfirthepantreasés thes oupoath@etof the ked-but@bertaérie, and
nolar ratif@Q o n ene from about Ito about 50, preferably
25 about togezli ﬁw%ﬂrllgh I%Bﬁ%] I n one enbodi nent, said contacting (a)

i s conduct ed [9A0%r aUSIRamet Npa# 891a458|d15¢ldsd apbtaS&s cmrtﬁé alksﬂaﬁon dfG@181l n
one enbodi ment g&l% m n ef Nl .oduc &H& npr.i.ses

pol ybut yl benzénes ?cﬁ |5r ?efﬁ%’? @Bﬁﬁr‘SOécé’é°"be %?ﬁsr?ﬁﬂ‘é’al d
30 pol ybutyl bsnmetmebydmdai‘bobenﬂemélz ite) Ct; loRefip a8« i€ @eadif padtial liquid phase




‘5 nmetal conpl ex conprising manganese, (ii) an oxo (hydroxo) bridged

" tetranucl ear netal conplex having a m xed netal core, one netal of
_the core being a divalent netal selected fromZn, Cu, Fe, Co, N, M
and m xture and another netal being a trivale

sel ected frgvrvnbpﬁu,%%éfz M, Ga, Al and m xtures ther eof,%?’?ﬁo%or?mo
N-hydroxy substituted cyclic imde eithgr alone or in the presence 10
of a free radical initiator, and (iv) N, N ,N'-trihydroxyi socyanuric
acid either alone or in the presence of a free radical initiator. In
one enbodi nment conditiensanddn tetpresence af atard st cemptishigtzeslngbne omddidoglity St .

[ 0020] Conveni ent | the oxidi zi i s cond t, a rature
of about 76(11“%68’% Folbi %ﬁ@@ﬁﬁ@ d*ﬁ@ggﬁfﬁeﬁﬁﬁig%%gw é&@&?‘% $8ut
20 at nospher eseffdafivd catdl pst Z804kY1RA) of dréiatit] dopipeaiiiis cauch Ys brend; vaavi ng
(c) is conduct in the pre encqaf?f a Ca;€| yit. The catal yst can, be a
homogeneous or ANEREBASEHESHE Eatlginsshavingfrom, t%ﬁtf@ﬁﬁ”ﬁé’iﬂ“,s QVRRea wide
catal yst issa hegngeanersuedfieth Wdut 06 AbAR 5600, preferabBidin about 50°C

[ 0022] Conveni entléé, t?@0 cl eavi n gé:) i s conducted at a tenperature of
about 20 40C t¥dZBYHe Soélmaarﬁg% PR ForiaRgtin Yo Paisnthinsus-3 s

I cPa, and a | idishshopd byt whieGRe »8lies ik ¥Ni 45 khd RAES 6 aRpdcifely.
hydr oper oxi de of . about to about 100 lucl. [0Q023]1n a furt%er

0.1
aspect, the i 98 ony 8 deemationg! Anphertion pia- FSHEFSPY/808560i fiedg

within 5C of sggeubis, Yy0d3cwe 8RR daasibedihiegiald Faicedse&%oa%ng\w{ens%u 25
ut yl benze 0 to 1000 mwt, preferab 50 to 500 ppmwt, of

d
ut ene ol i ggng‘?qgﬂ.‘y F‘?ﬂé‘gé‘tﬂ?ﬂ?’yt;ggé’é‘?cﬂssc‘iﬂ%éipﬁi( cQURt{Ing é(éc%e‘ilp%@ftsﬁén

0.5 wt % of i saledicnt bamzeDeaRdtineidenDuidét RRVBEHE col R3S WAt 48R yst
herein the term C8+ ol efin, neans an %Igegﬁiqn cont ai ni ngl[8 or nore

carbon at oms. COMBTISERFEHtepeiey EY Brolig fcotycs ealiafiore 1

i Sjg ;:_hart Corﬂfﬂf&lﬂ?Oﬁlﬁ%ilfglagécﬁlﬁltﬂfnelﬁﬂﬁyQB)S loRidizpt l&ie”%@-bh@lﬂ&h&ne to

oxi dati on process o ampl e. 6 usj COMMEr cj a avai | abl e

sec- butyl benzeﬂﬁ%ﬁ‘g%ﬁd}%°§%8"‘8§’i M @%é?@g&amg)}hg ERFEPX S QuRTPLucE

I[E)égrzrgi l(is 1152 phéndl Bndmbthi/ledieyl katoafldTh: &, gﬂd&lﬁﬂhg%}?ﬂticﬂ@b@a Aixed butt)ene_ g
igure 2.i.s r conpaling the degree of conversion obtaine

in the oxidat %8"14 ?ﬁ%&@@ﬁﬁte'géﬁrﬁ%gaﬁgum ng a comercially avail abl e

sec- but yl benzqo@ipanmiceording tothé grebdn® iB@AkonS AMids odf beehi HRidkihAOthwi t h

obt i ned | n BRI O o piiesre, Ut ast onl Sobuubiigets A (e
degree of conwatyitiensenehithe feed, tiunalbd® Higtiefl (s Dolefisab $Gd 66 béyotpke 12
using a co%rerci al | ai | abl e sec-butyl.benzene arTBI e and using the
unt r eat ed sec-af)ﬁtrfﬁuﬁgﬁ n°é’m8P‘8%ﬁf§‘lg°F‘F'a tl%(éeﬁf)tfoé?%ft e WF?’h ._‘Q'?rl?Lg}fene)
and 3,4 (wi th cRahdtedneitleanXicidanachiyshender el gibn sendifioiy [t herderteepfoaddict S
Tom Exanpl es o 11, 15 Al L SCRI PTI ON OF THE ENMBCDI S
sec- butyl benfedgsublya - naedds wietl s the C4 a agkntng agent,
such as a linear butene, and then converting the sec-butyl benzene to
phenol -and nethyl ethyl 20 ketone. The conversion involves initially
oxi di zi ng the SPMMARY | benzene to produce the correspondi ng

o oduce the adBiFka” ShefteRbhd iyt RitHion APt Bpoooby prpdicing
particul ar, t Iphenohandmietioh ethgl Keamedhoprodebecdtipsiciager y t hat the
oxidation step to nvert, the sec-butyl he ne to.the correspondjng
Pyl oper oxi de i s Habn! yoBaBE KB B pHATUTGE ShBieb SeoRs G s
in the al kyl atr o @febdnoe Rif. anVaIk@RHAT catglgktt B Produdec i aldylgOM BT Buent
parti cul ari&/ certain Clé g‘hl %omara, have boiling points very close to
that of set® bGP HERIEHRHRTZAGOE EHAIARY be readily separated from
al kyl ation effl ueng) by i@t shidadfilent tolbdie tHCnuREET hidI YV SNfin® Bnds €€KS

to obviate or reduce this_problemby subjecting the al kyl ati on
pro%uce a [reated efﬂ%ent' y J 9 y




‘avai lable in any refinery enploying steam cracking to produce
olefins; a crude steam cracked butene stream Raffinate-1 (the
_product of remaining after solvent extraction or hydrogenation to

renove but adj the crude steam cracked 15 butenq, Piﬁ’%%m Qd
Raf fi nat e- 2 thgm%?%?uct remai ning after renoval of butadrene an%

i sobutene fromthe crude steam cracked Qutene stream). Cenerally,

t hese streans have conpositions within the weight ranges indicated in
Tabl e A bel ow. Table A Conponent Crude C. stream Raffinate 1
Raffinate 2  Sol vept Bexidizirg thasdehbitytigezeat inonidIedated efftueintto peiduena
Hydr ogenati on %@pgt Q%@ 5’3‘@ 85% 0- 2% 0- 2% 0- 1% 0- 1% C4acet yl enes 0-15%
0- 0. 5% 0- 0. 5% 0~ 075595 0~0- 5% But ene- 1 1- 30% 20- 50% 50- 95% 25- 75%

75- 95% But ene- 2 1- X8P6 16ledhhg (e R9afofdred@ifrom (c) to produce phenol and methyl

ethyl ketone.
5 [0013] Preferably, the treating (b) includes a chemical treatment, such as

olefin oligomerization, selective reduction, selective oxidation, esterification, and
the addition of heteroatoms to olefins, or a combination thereof.
[0014] In one embodiment, the catalyst comprises at least one molecular sieve
of the MCM-22 family. Conveniently, the molecular sieve of the MCM-22 family
( ' 10 has an X-ray diffraction pattemn including d-spacing maxima at 12.4+0.25,
6.9+0.15, 3.57+0.07 and 3.42+:0.07 Angstrom. Conveniently, the molecular sieve
is selected from MCM-22, PSH-3, §8§Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36,
MCM-49, MCM-56, UZM-8, and mixtures thereof. Preferably, the molecular
sieve is selected from MCM-22, MCM-49, MCM-56 and isotypes thereof:

15 [0015] Preferably, the Cs olefin comprises a linear butene, for example 1-
butene and/or 2-butene. In one embodiment, said linear butene is contained in a
mixed C4 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). Conveniently, said mixed C4 stream is a Raffinate-1 or a

20 Raffinate-2 stream.

[0016]  Conveniently, said alkylation conditions also include a temperature of
( from about 60°C to about 260°C, a pressure of 7000 kPa or less, a feed weight
hourly space velocity (WHSV) based on C, alkylating agent of from about 0.1 to
50 hr!, and molar ratio of benzene to butene from about 1 to about 50, preferably

25 about 2 to about10.

[6017]  In one embodiment, said contacting (a) is conducted under at least
partial liquid phase conditions. |

[0018]  In one embodiment, said alkylation effluent produced in (a) comprises
polybutylbenzenes and the process further comprises contacting said

30 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,



"0- 20% | sobut ene 0-30% 0- 55% 0- 35% 0- 5% 0- 5% 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% 20 [0033) O her
.refinery mxed C4 streans, such as those obtai ned by catal ytic

cracki ng of and ot her refinery feedstocks,
the foll ow ng'?’gg%{%é. tion: -8- Propylene- 0-2 wt% Pr o%g%@ﬂ'%w@ﬁv\fw

But adi ene- 0-5 wt % But ene-1- 5-20 wt % 5But ene-2- 10-50 wt % | sobut ene-
5-25 wt % | so- but ane- 10-45 wt % N- but ane- 5-25 wt % 10 (0034] 4

hydr ocarbon fractions obtained fromthe conversi on of oxygenates,
such as met han§$z-25, CERBULATQIeTQS, MCKL-36/ INCRI-4y Maness, ez, | sai ng
conposi tion: 15. N- +h' S9- but ane- 0-10 wt % 20 100351Any one or any

m xture of the 5‘&5’5?/;& EE° hydrocarbon m xtures can be used in the

process of thejodmyentCamenitilypdit biiditing Qo) isecdudiet & aR %&@Qné&%ﬁ'&es,
these m xtur es@ﬁ:@' cally contain congonents such as i sobutene and

but adi ene, whi LM a&ptalvetselseied from (1 an proyhudrexqiibridged tetrapasiearon.
For exanpl es theanpmpRk c@ﬂnlﬁﬂdn@é ﬂnﬁkfgba%sé) \QHF A5 o (h&tﬁ'@ﬂﬂ s dktdndenzene

are tert-butyl benzene and | so- benzene whi ch, as previously

stated, act asPetEFPBPEEyMavipga M’éﬁdm&’iﬁe?ﬁe agtal ok thegteresheing a divalent

prior to the ahil Rleted idheRs, tRGRECE X, %@Mﬁﬁ{tﬁreéla{eyeo@ ﬁdme?ct ed
to butadi ene renoval and i sobutene’ renpval For exanpl e, i sobutene

can be rermpved?®y Reinges fivplentmetal isslggtsd fomr Iny EacMne FaniAl indmikares| t o

produce MIBE, thhedste@s ahm-ﬁfhr&i}fsuﬁsiﬁht%yﬁm@éjelmr A%l G 18 Predénce
Iectlve 8 hyd enatjon. to butene- 100361l n addition to other
y dr ocar boi C éﬁ'g Fﬁdgzal Bli3oe2ad 4v) M N"-trihydroxyisocyanuric acid either alone

or in the presence of a free radical initiator. In one embodiment, the oxidization
catalyst is a heterogeneous catalyst.
[0020] Conveniently, the oxidizing {b) is conducted at a temperature of about
70°C to about 200°C and a pressure of about 0.5 to about 20 atmospheres (50 to
15 2000 kPa).
[o021] Conveniently, the cleaving (c) is conducted in the presence of a
catalyst. The catalyst can be a homogeneous or heterogeneous catalyst. In one
embodiment, the catalyst is a homogeneous catalyst, such as sulfuric acid.
[0022] Conveniently, the cleaving (c) is conducted at a temperature of about
20 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
C 100 .
[0023]  In a further aspect, the invention resides in a hydrocarbon composition
boiling within 5°C of sec-butylbenzene and comprising at least 95 wt% sec-
25 butylbenzene and 20 to 1000 ppm wt, preferably 50 to 500 ppm wi, of butene
oligomers. Preferably, said composition comprises less than 0.5 wit% of
isobutylbenzene and tert-butylbenzene.
[0024] As used herein the term Cgt olefin means any olefin containing 8 or
more carbon atoms.
30



-hydr ocarbon m xtures typically contain other inpurities which could
“be detrinental to the al kylation process. For exanple, refinery ¢4
_hydrocarbon streams typically contain nitrogen and sul fur inpurities,
whereas C4 hydrocarbon 35 streans obtai ned by oxygenate conversion
process typi ¥22PYO%BE ai n unreact ed oxygenates and wat ECTEFHAEOIHP; of
to the al kylation step, these m xtures y al so be subjected to one
or nore of sulfur renoval, nitrogen renbval and oxygenate -9-
removal , in addition to butadi ene renoval and isobutene renoval
Renoval of sul BRIEF DESCRIPTION XMOEARIRAWINGSt i es is conveniently
effected by one or—a conbination of caustic treatment, water washing,
distillation, W8&rptFigeredds agharoroswating the Hegressol samyessiomabitinedrin the
separati on. §8datibs
[0037) Al Chough wor s PREES ol gl blsinp SRRRTALY sPHROE R Allbenzens - o
of a Czt al kyl BEPlAnd gsing the sec- Mbﬁzmr % of Exameplad, al(wyh Atbuatege)
agent, SUChSaSanH%QﬂW]ﬁ'I&fﬁrﬁ&é yhe -al kyl ating agent in the alkylation
step of the invention so that 'the alkylation step produces a m xture
of cunene and [8838] butEicwe Awhesraftheompedog tharltgrm oftcamesrsidh abtainedlimthebe
processed thrqygf gﬁ,&ﬁ
acetone and MEK, g%h‘g@éﬁ tg ﬂE%rll‘?( ﬁé}}{$9 oenrl ea?lg Eécbgrrg)flgenzerngtl o]
of acetone to Sﬂﬁehcﬂndlusmﬁ g szmetsemplata&br @H@igj‘enlaﬁdmm fiatoph prodiiced
producti on. qg,é}&ggtmw , e al kylation step
gf t he present mventmn%?ﬁtegf%séb cmm né?ﬁgb%&ppﬁl such as | ess
han 500 ppfh [PGAT] ex diipire3 isa ¢l@§§omn@rmgm@dqgmofmexsmn|ohtaar¢dm then,

the total feeqQyidiRbLibt f@;&ﬁ I L

than 30 ppm for exrgll’?r#%le\eéS %2 m suﬁlg%g‘%%bl?%%?u han e%g
ppm such as |Sél§eletqﬂarvsmgpibwnmredesk thenzgnre produgd font Egpmples 1, 2
nitrogen. [003Q]uInepableyl.adi t r Ss
| s a crystall ?ne nol ecu gr s%\ggﬁ%?&%{%ﬂ%ﬂ%d n}e {Pé]altéa &;%g@%@%ﬁ@
"MCM 22 f ani | yProduete fiomy Examgles 8¢p Mat er i al of the I\/CM 22 famly" or
“nol ecul ar ;i eve of the MCM 22 fami|ly" or "MCM 22 fam |y zeolite"),
as used herei o |ncI udes gne or_ mre of m)l ecul ar sieves nade from
a common fi rsDEIARLELD = 2t/ kNIt cel |, which
unit cell hasf[édi@ MN’M‘AE rﬁé@@%&etﬁ@ﬂqg Qﬁ%ctec( 'ﬁ) ld”ﬁrbce@?'f&r FI%dl?ClI%OQFICI al
arrangenment of atons which ile hr ee- di mensi onal 25 space
descri bes t he bulpspzgpe &y P%FHF%bG“SEI@hW’é}F 9%&!@?@?&&5%& Sychagsea linear
di scussed i n biend, Al Afer0bondarhk 1S F:ARBARnd X9 Shinol Bhd baRAichh N,

2001, the entire content of which is |ncorporate as referernce),;
mol ecul ar & eX8ensg diber fogHersion: dmebiss Jaigialiy ogidizingethe rs-ERtilyorscat fio

bei ng a 2- di mprIiRN e tcbxlrésp& Ty EBp YW raaleiey koidatig! BQY rédittih
ells, 30for y(g_?a mpnol ayer of one unit cell thickness, pref era%

e c-unit ce RFTRRIFIS §‘°d““r?di‘%‘8‘ﬁ1“§’rph§i“é\?ﬁ%mﬁ‘&u]éﬂfyﬂ ksioncormon secon d

degree bui | di a2y oc krﬁpartncuia@‘th@ﬁnb&gloh ?é/l%rséi &f th@ﬂ‘i@co@&ryqﬁh‘i ﬁ;ettﬂﬁﬂtl&pe
unit cell thickness, wherein the |ayer of nore than One unit cel

thi ckness is PaRI® 9oPYH Bt %mu%bmﬂ’é’é kg the °°‘ﬁ5P%1dH’@|}W6r°H%f°’Flé%1§thlﬁhhb

nonol ayer s250f seagigiveI Bl pre€efibd of Biteiké g merdt he tiet MGHHRE eBluedti ChIoREFHENd
degree buil ding blocks can be in a regular fashion, an 5|rregular

fashion, a raFdBm &S digomers. paripulagifiserair Conolisemersohave detingpsinic ul ar
si eves made byeraemsmgwtafse%u@mﬂﬂm&d%ﬂa’e%h9&%r BilPseptiaftB Bkonal
conmbi nation of unit cells hayvin MAWV f r amewor k t op ofg
10040] Mol ecul akylationgfdusgt by ﬁlétlfia%w 2Fhysothe pipsanh invendien ?Wé&éé) maé@m ar
10 si eves havidife3iks $rdb¥n 6 [
maxi ma at 12. 40. 25, 3.570. 07 a’n‘?} tm'%thﬁlgdseW!éﬁm%ﬁﬂ f@%ﬁ"bm
diffracti o dachemisadreatnesh dp deduse ithesleyeleofrtteneodigomere lmbhﬂaﬁfﬂedlt,by
standard tec h%gmﬁmqégsngant Dt k%, ?Ld?é}émg@ég? Hah 09 w /Q,Qﬁgl}no@tsprtﬂtgﬁ]bl

a t sci n Yati on

i nci dent radiation and fractoneter equi pped w
less than 0.5 wt%.




-25 selective to the production of sec-butyl benzene, as conpared with
* the other butyl benzene isoners. Preferably, the nolecular sieve is
~selected from MCM 22, MCM 49, MCM 56 and isotypes of MCM 22, MCM 49
and MCM 56, TQ 2. [0042] The al kyl ation catal yst, can include
t he nol ecul a\i'g(sipoé’@i”%zn unbound or 30 self-bound form O%CT’%MGW&IM
alternatively, the nolecular sieve can he conbined in a conventi onal
manner wi th an oxi de binder, such as alum na, such that the final

al kyl ati on catal yst contains between 2 and 80 w % sieve. -11-

L0043] The al kYB@dzleﬁmAlszﬁ@ §S 1 s conducted. such that the organic
reactants, i.e,, the | at abl e aromati c conpound and the al kyl ating
agent, are brolf§#! i nfhe devreng templovsd t ine the) Rikyletion Gfepcin awrgdyee ispc-a
sui tabl e react iylbaRe it &b aRPeonfErcisiARlISle betzdhe TbedVodt SAGL M
containing a fl‘gfeld bed of th@sccoatamst corrpoem tIZOﬁ orV\{fn% y the
catal ytic di sthemperehaye pusiiclensl OfGFriePét99e"f’ﬁ°/ect| ve al kyl ation
condi ti ons. sTyjppsg! | Yrne! digadedeahd QR 16 Q0 leRANShAEA IS

t enperature of[mf'?gm about%éocr:l%t gafabou %gg% ?ém!éxa g%q[n%lgfri]n
about 100C anchaxinedtcatmo@toms and eseferelly i 2 igeObuteRasush as butsne-r grd/or
exanpl e from aheutl 2108Q AR 1aRey 5@8&

vel ocity (WHSV) based on %A ? ?F‘gg&gﬁéégggﬁ’t‘%‘ \Tfﬂbgk? eﬁ}éa n % and
10 about 50 hfsuch psogandepbisined hatsieamrcradsingtof tthame peopenst btl_t&letlLPGaand a

mol ar rati o ofy ”ggﬁ% bout
0:1, for exa lg?%rﬁdg% g%ac‘)lg%tl&zﬁ%&r%éc}qa out ﬂ)‘ﬁmﬁ&q gpﬂ%ﬂsgob%sratngb bout
-1 to abod® @Oﬁverwlhqfé’ﬁmves M@aam{:mamhtn@v@gehfns s |ntroduced to
the reaction ifggs}ages, emﬁ 1EXRETb By R, il cffod gﬁxta#emeag 2B
catalyst in a pI urality of reactlon zones onnecte In seriés an%l 15
di vi di ng t he @V#ipbltintgy sefewty Fmploying pleun arackips ¢d proguesl olefinspa tfude ent
al i quot porti Qpam BREkM Kitenditehn Rash ﬁ%@ei hé‘pghﬁcx&ct%E‘?Jg‘ﬁan{lﬁéiﬁérgav&?ne
Most or all of the benzene is typl cal y to the first  reaction
zone. [ 0044] Tifst#taR PhAYdogeariascto) rmete: brisdiens droph e rersleastramogracked
partially o5 Goupd ﬁFﬁﬂnYaﬁJ‘Rﬁfhﬁaté—bq{ﬁbgrda{?&:?éné?ﬁmé'ﬁ'ﬁé? rerndRE f»‘tru't ieﬁé"
condi tions and can be heat, , free fromintentiona m Xt ur
or dilution w2kt issPHere fmpéb‘r awde @feamrrégﬁk%hutw ﬁm@ghﬁcnml@ dlnse act
with the zeol ighk@nfzahkad ab%rposze&ﬁ%ﬁﬁﬁ m@ WMghﬁaﬁé%@:rﬁicQte@in EAIJ A ?éloxg ases
or diluents such as, for exanple, en or nitrogen. Preferably,
the reactants are at |east partiall y'liaﬁ ®the |iquid phase [ 0045] Usi ng

the catal yst Archmpbdedd 30rkdd Gz PNAT U1 ORSrddRICl | DEU] ADOVERfhaid B 29

found that the al kyl at i osreahep olvidi€ [PHRAFERESHAN | [ BéiventVE MydrDfindtion
highly select|ve to se¢-butyl beBxzesion |However, thexwekfidlnupnt fromthe
al | cyl ati on r ghgtdican wi| | 30-83% al D-)',l%cort ai n-23one poloymks ky at e@ll%

gl i gomeri zat | bR PRI AHUETSoas oG T Toe g ssuSSet ggi e hie

utene oligonprs,_1n additionlto Unredct ed bénzene and’ t he Be3| T ed
nmonoal kyl at ed %‘ﬁ@éﬂes. THé%an) e28FEE henA8Ie%i s Inotmtebd yi r e@We% ed ) 30

by distillatipBuaed TECYTISF |0 1086 al|KYT @BdopT T|CaGl@, |11 ggit O
fromthe benzepre-distillationiare furtither distilled to s nara'rp

nonoal kyl at ed Isobutserct { r &A0%n d5I%a1 iyl a8 pr ddu@r® and ot 4%
heavi es. Depentd-bmgpeon t he-1@ao{int0-3586 - 12 o-pl% yallkybated prodLiods
present in the-—= &t m retop—efittu YT -t m" be—-desitable— 0
transal kyl at eﬁf f’edt"“rrj%l val Evilﬁ;at pd %‘rrédm jts \‘/i\llr{ di t|2 'hal bendzig;ﬁe tp
maxi m ze the production of the desi red nonoal kyI at ed speci es.

[ 00461Tr angal tio i benze t ypi cal effected
inabt r;ﬁr?s a@gﬂat i Qtr?e? }éegg mllxegg’grs EFmsy si,uglﬁ]a§ ﬁ’é’ &tﬁ'?‘fda%f gfpivtic
reactor, over crackmg mfatablahasrmdscahd:ybﬁnet}ofeedsathd, ydlicallg have s fallowing
nol ecul ar sieve of..the MCM 22 famly, zeolite beta, MCM 68 (see U. S

Pat ent No. 6,m°3T%', zeolite Y and nordenite. Ml ecul ar sieves of
the MCM 22 famly include MCM 22 (described in U S. Patent No.




~-13- acid or a solid acid with optional water, at a tenperature of
“about 0 to about 300C to convert the oligoners to al cohols or esters
(e.g. esters of sulfuric acid). After neutralization of the excess

acid and, if washi ng, drying, and distillati
ef fl uent can“@g&f@gﬁ%% the oxidation step. 5 [00491Ano%&g@¥£b§7’?oéﬁpe
chem cal treatment to reduce the oligomgr level in the alkylation
ef fluent involves contacting the effluent with hydrogen in the
presence of a catal yst, such as a noble netal heterogenous catalyst,
under conditions effect iPvapylene sat--atwest he ol i gomers. Suitable
conditions include a tePppand ure -@k2attout 0 to about 200C, a pressure
of about 100 to about 1®utdicha and-awfyydrogen 10 to hydrocarbon nol e
rati o of about 0.001 toBakaet 10.-5[20Q%Q] A further suitable chen cal
treatment td reduce theBatkiegoner -liggebei n the al kyl ation ef fl uent
i nvol ves etherification]lsobutenwhi chs2liesef fl uent is contacted with an
al cohol, such as net handb-butate a t-édewitt ure of about 20 to about
300C. [0051] A conbi nat i drbutshe t he ~4126w&4t r eat ment processes, such as
coni bination 15 of acid treatnment and hydrogenation, can be used to
reduce the {hev f ' a0, | at ] l.uent. . to
t he desi redlbl e@g?‘ﬁ [ggé%a&?gj\?lblgtﬁ g%{og b?ﬁg&gfr%:%ztc?%lr’]&%%[ggﬁorxg%n%?ﬁ
processes descitribasmethanek to lower dlefing morotypisalivhase the dollopdirgosrpbsition:
conposition boiling w tp}oﬂyl@% of _gqGspbut yl benzene and conprising at
teast 95 wt % sec- butyl bg, e anglo%(_)j‘;,p/ 1000 20 ppmwt, preferably 50
0 500 ppmwt, of butenfg,QLIoNMer g \ﬁr,/e? erably, said conposition
conpri ses hgss than 0. Sgyk% pf iSQ@.%th penzene and tertbutyl benzene.
Sec- Butyl benzene Oxi dat gpg,d49053] kfrg r to convert the
sec-butyl benzene i nto pRefgdeand. gRERYNY, et hyl 25 ketone, the
sec-butyl benzene is inijiakd%bu@xd- @ o4 0 the conespondi ng
hydr operoxi de. This is acconplished by I ntroducing an
oxygen-contai ni ng gas, such as air, into a |liquid phase containing
t he sec- but9l d@??%bne.AqyrﬂnF B 2UmixfEe obthavbpieds hydmcarbenaniktrésoran bk
sec-butyl benzer& inhd PRcAYDE BeSniintién. C #f Mdiith tb Sink& Dhtebd :Iﬂd%'ta‘ﬁe%o
achi eve. For exanple, at 110C and at atnospheric pressure, sec- 30
but yl benzene itaeshGtixtyses dypieally coptrinecosparants. s¥dhdiszieebwene pndvbhiadignrler
the same condiyhichten béeltbehs fo ﬁ@gﬁ%&%%ﬁm&%i% efinpft! ARIPAGH' ©
e |

air oxidation of sec- -14- butylbenzene inproves; .however, higher
t enper at ur es 3YBlRH FErues Of Jrabhieraith) bspaens o tofrulyiberggne and iso-

by- product 35  [A@eddeAD RANRTRE trfevidusiyNBatE LAkt b9 THiRRs ﬁﬁﬁ:e%hﬁeﬁ%&n‘{i ty

can be achieved, by perform ng, sec-butyl benzene oxidation int

presence of a%¥Wpianyster. Bivs Bigr do thealodationsiapp theseomixturest pieiprsbly are

pncl ude a wat giibjé&eldublvatagitfé AhRvAICHRqsBHich refbiva) 1#88lek R0 tiebGten
igands are coordinated to at |east one netal from cobalt, nickel,

manganese, coffePe reaRHed by selective dimgrigatiopar apacting, With mpfipngiig prodvee e
preferably, aMFBREr ateReOUmARhal ¥l beSrdeidd B LRk eERQRHEOUS
catal ysts e described in U S Patent No. 5,183,945, whereln the
cat al yst i@rahy WU BRENE-bri dged 10 tetranucl ear nanganese

conpl ex and i [oogslS. BatRBkioNOto tiRZ2nRAUktbarbdie EShfbnkRE E@r{lﬁ:}a%ﬁﬁ Cs .

conprises an oxo (hydroxo) bridged tetranuclear netal conpl ex havi ng
a mxed net al ERBIOORn BLHEES| typiFaliyh sortaine oper nignparitigsy aihicht cordd abe '
sel ected fromigAmerlti, toF@e 2891atibh 1pr%s@nﬂ0mﬁ%ﬂﬂ£§emﬁ1%9]&%%r@&9t her
metal being a trivalent netal selected fromlIn, Fe, , , and

m xt ures t her 8&Pms fypicaly eontain giteeroandrsulfugimpestiesavhieressS.s hydioesban ar e

i ncor por atad hehgk Sblihel §S5:584Hte {dA0ash | for
t he sec-butyl benzene ofi dgtixgg ste_ep are t e_l\ls-sﬁ%frc% ygosnﬁa@st%%%%{%d
cyclic i m des®¥genetsssad watr. (s, migr énthe pikylatorystep, 46 mixthrésnoayr Par at ed

herein by refgs qRfRed 386He &Smble ¥ dhpyBhabnal AIE‘B@% ’rerﬁéﬁmarﬂioéy!ygenate



-radical initiator and can be used as |iqui d-phase, honbgeneous

" catalysts or can be supported on a solid carrier to provide a

“het erogeneous catal yst. [0057] Suitable conditions for the

sec- butyl benzene oxidation step include a 5 tenperature hetween about
70C and about'OZYE***%ch as about 90C to about 130C, artd™ Pfﬂ”@%”é%i'?e
of about 0.5 to about 20 atnobspheres (SQ_to 2000 |l cPa). A basic
buffering agent nay be added to react w'th acidic by-products that
may formduring the oxidation. In addition, an aqueous phase may be
i ntroduced, whietovaldin SdditfonCh Dutkdiéte Rafdval 4ANBMMRES ren$di6) REm&AOLEM
carbonate. The ‘Hﬁg-gﬁgs 10 conversion.in the oxidatign step is
preferably kepfUiye| BTPE e OXYEFnAe npiaes; ifeconyeriently opflested i oel 96t 4.

The oxidation EgaiRdiOA of Ta80URBIMRAM, | Watdr OREHIRE Sflstillhtian, CREAbYSA Gsin
distillation uni %nd_ t he sec-butyl benzene h% roper oxi de pr oducec1g may
be concentrat eH‘°t99“ #isiavey qudioy mgmbrang eepatatierh WV algr is also ppioplipremeneriby
prior to thg ciRayaas step. 15 Hydroperoxide C eavage [0058] The fi nal
step in the conversion of the sec-butyl benzene into phenol and net hyl

et hyl ket one i (8037lvesAkhougl agfepreferreds it is alse prssiblerie gmpley atwidiuepefradid de,
whi ch s convegi@iinoVac&dtf ; t ' | Lth a
catalyst in the ‘fli gi ggghﬁgg%bgga%@@%rqg%%ﬁ%& g%%&%ﬁ%%"r{r 213. out
150C, such as #tbratkyging@esntin thsslivlationdtep of thy iaventipr sethakthe alkylstion o
about 2500 kPag HicBSa P oFQBmE ? f+ QA

Eeurl y space VéTPZlgiﬁtg (?_HSV) bagg‘g T%r_lﬁt?_ %g&g&%ﬁ%séfch’?%ge%%tﬁd%glgt@m& 1
o about 138 rfEn ey bs aroaswyd BEeHsh oxidagor Bed, clea(gneto. malifea mixture of
sec- but yl benz egiohe HiNIEK OatbiiwiiS pikh il BlefPibY »dnéryiheﬁndxa} r&{d dHaSA0HeC

solvent inert to the cleavage reaction, such as nethyl ethyl ketone,

phenol or sec-PhenslisPi5ple frBpfeh the demand afbispheoplad praduhippal .~ The

cl eavage react[poss]i S CRRMBEHION (Y tRANELE (S the MkPalH ey LdfCthe present
distillation unit. [0059] The catal yst enpl n the cl eavage step

oyed i
can be a honodBYRBHeR SRy Kssithet 1000mpms seedsdens hanat0Q) Rpsy, for example

[ 0060] Sui t abl QeI IRIABD LS waleR AUAERAitfoR! Bk YSthiSeddGhidsl Silafddniss aRni d,
30 perchloric acid, phosphoric acid, hydrochloric¢ acid and

p-t ol uenesul f dAP @PRcrigh agisss than & pam; 198 exagpIlsss;thar 3 aprny e and) lessy
di oxi de and sUhdnU0 ppi, Sikh deledty tBardl Fifin, forlkampiki@Einhy 6.1 PPRDRIGBSAUS

cl eavage cat al . e preferred honogeneous cl eavage catalyst is
sul furic acid [f%éil] Eﬂﬁmﬁ)‘ﬁiﬁé‘% Rl B&gn’éoﬁl}% PEesETy| Ryegess §y 2 goutajlinet he
c: eavage ﬁf s&eoleculabsi_&wd@eichm-bzﬁqﬁg,em&ieﬁlﬁ_‘m?d@ﬁnﬁyﬁla@ﬁsri’to@
clay, such_as . an aci dic rjllopite siljca-alumna clay, as
described f U%Fenﬁégél?ﬁﬁﬁggﬁlgg‘?b, 2&7?019%@@&% ?&%W‘&%@I@%f‘”
whi ch i s i-ncorprmnaRe dakiBrz2bkteh)yash@éEieens enchideOs]of fiford 6 | owi ng
Eéanpl es are given for illustrative purposes and do not |limt the

ope of the i nvenPPlsrlarpsicyes made from scpmmen firgi degien cryotalimg dwilding
Usi ng MOM: 22 Cat al ieik @iichell e G20tk b0 BESIATabmdhclt SRBRTPA S
MCM 22 catal yst (65 % MCM 22/ 35% al um _na bi nder) was, used for the
al kyl ation of benz®HdS fisPiiabaminsement of ploms ayheh K tilegoia thrge-gimensienaln of
a 1.6 mm (49 16") dipasedeaérivey tHetelystat hructird.'SheiR b6 stalCHRABPRRT abelidhidsBe
| engt h, and was dljug?eg%wst‘)\? sand _to 3 cc_and [ oaded into an
| “OW;

i sot hermal, down- 45 £xdtie Bemewetkolipss s Fidheditiong001 e emfire
out si de di ameter Ofonfent/§Whidhk eotporated 8s feldr@ic)st Was dried at 150C
and 1 atmwi th 100 cc/mn flowng nitrogen for 2 hours. The nitrogen
was turned of f @ndmMpEfYE ez nae dram atqemmaaarecand dagragObuildingrblenks i |
reactor pressure r&@rg%hdeﬂ ; . } I ne
flow was then reduced todlwg%%i;lﬁﬁfgg%7ﬁ\%\gf %%%grkatglgoﬁ%%ﬁgﬁg égﬁ
(57. 1% ci sihut ene, fopuing 7 r@mplayerrns-opeueineell thickaesh -peferably one c8eit cell
i sobutene and 1-bujgpec.and 1. 8% ot hers) was introduced froma
syringe punp at 2.57 cc/hr (1.6 WHSV). Feed benzene/ but ene nol ar

» molecular sieves made from common second degree building blocks,



-7.2 86.0 10.8 1.6 97.2 Product Selectivity, w % | so- But ane 0. 010
©0.001 0.004 0.008 Iso-Butene & 1-Butene 0.000 0.020 0.355 0.000 Cg-C7
0.227 0.105 0.132 0.120 Cg and Cl2(butene oligoners) 0.812 1.753

"2.556 1.910 077 0.050 0.031 0.059 t- Butyl benz . 060
0.026 0.103 ‘%g& u9t3§ﬁ2benzene* BfEPdmiizlo

=-10-

being layers of one or more than one unit cell thickness, wherein the layer
of more than one unit cell thickness is made from stacking, packing, or
binding at least two monolayers of one unit cell thickness. The stacking of
such second degree building blocks can be in a regular fashion, an.
5 irregular fashion, a random fashion, or any combination thereof; and
¢ molecular sieves made by any regular or random 2-dimensional or 3-
dimensional combination of unit cells having the MWW framework
topology.
[0040] Molecular sieves of the MCM-22 family include those molecular
C 10 sieves 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. The X-ray diffraction
data used to characterize the material are obtained by standard techniques using
the K-alpha doublet of copper as the incident radiation and a diffractometer
equipped with a scintillation counter and associated computer as the collection
15 system.
[0041] 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
20 International Patent Publication No. W(Q97/17290), MCM-36 (described in U.S.
Patent No. 5,250,277), MCM-49 (described in 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 thereof. Molecular sieves of the MCM-22 family are
preferred as the alkylation catalyst since they have been found to be highly
25 selective to the production of sec-butylbenzene, as compared with the other
butylbenzene isomers. Preferably, the molecular sieve is selected from MCM-22,
MCM-49, MCM-56 and isotypes of MCM-22, MCM-49 and MCM-56, such as
1TQ-2.
10042] The alkylation catalyst can include the molecular sieve in unbound or
30 self-bound form or, altematively, 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.



-0. 000 0. 000 0.000 0.000 sec-Butyl benzene 89. 185 90.983 90. 490 91. 553
* n-Butyl benzene 0.024 0.031 0.030 0.025 Di -butyl benzene 8.012 6. 589
5.982 5.791 Tri-butyl'benzene 1.239 0.420 0.392 0.417 Heavi es 0.256

'0.008 0.003 100.0 100.0 100.0 100.0 Butvl benzene
Conposi ti on.&%%%mgf{%utyl benzene 0. 177 PC1/EP2007/001210
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[0043] 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 the 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

5 a catalytic distillation reactor, under effective alkylation conditions. Typically,

the alkylation 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, a weight hourly

space velocity (WHSV) based on C; alkylating agent of between about 0.1 and

( 7 10 about 50 hr'', for example between about 1 and about 10 hr' and a molar ratio of

benzene to alkylating agent is from about 1:1 to about 50:1, for example from

about 2:1 to about 10:1, preferably from about 4:1 to about 9:1. Preferably, the

alkylating agent is introduced to the reaction in stages, for example by providing

the alkylation catalyst in a plurality of reaction zones connected in series and

15  dividing the alkylating agent into a plurality of equal or different aliquot portions,

each of which is fed to a different reaction zone. Most or all of the benzene is

typically fed to the first reaction zone.

[0044] The reactants can be in either the vapor phase or partially or

completely in the liquid phase or under supercritical conditions and can be neat,

20 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 carier

( gases or diluents such as, for example, hydrogen or nitrogen. Preferably, the
reactants are at least partially in the liquid phase

[0045] Using the catalyst and alkylation conditions described above, it is

25 found that the alkylation step of the process of the invention is highly selective to

sec-butylbenzene. However, the effluent from the alkylation reaction will

normaily contain some polyalkylated oligomerization products and, as will be

discussed below, certain butene oligomers, in addition to unreacted benzene and

the desired monoalkylated species. The unreacted benzene is normally recovered

30 by distillation and recycled to the alkylation reactor. The bottoms from the

benzene distillation are further distilled to separate monoalkylated product from

any polyalkylated products and other heavies. Depending on the amount of
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W 2-Butene Cogé{a, I%Cﬁvl—%s ZCSZG ?.ZS.(SPgtén% 1%6.7 6,014,018), zeolite Y and mordenite.
Molecular sieves 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), §SZ-25
(__ 10 (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 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.
15 6,756,030), and mixtures thereof. 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.
20 Removal of Butene Oligomers
i [0047] As stated above, the effluent from the alkylation reaction will normally
( contain butene oligomers, which have now been found to inhibit subsequent
oxidation of the sec-butylbenzene to the corresponding hydroperoxide. Moreover,
although distillation is effective to remove some of these impurities, certain
25 butene oligomers, particularly the C,; olefins, tend to boil at or near the same
temperature as sec-butylbenzene and hence cannot be readily removed by
distillation. Thus the present process employs an additional treatment process,
particularly a chemical treatment process, to reduce the level of butene oligomers
in the alkylation effluent, typically to less than 1 wt %, preferably less than 0.7
30 wt%, and most preferably less than 0.5 wt%.
[0048] One suitable chemical treatment to reduce the oligomer level in the

alkylation effluent involves contacting the effluent with an acid, such as a mineral
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acid or a solid acid with optional water, at a temperature of about 0 to about
300°C to convert the oligomers to alcohols or esters (e.g. esters of sulfuric acid).
After neutralization of the excess acid and, if necessary washing, drying, and
distillation, the effluent can be fed to the oxidation step.

5 [0049] Another suitable chemical treatment to reduce the oligomer level in the
alkylation effluent involves contacting the effluent with hydrogen in the presence
of a catalyst, such as a noble metal heterogenous catalyst, under conditions
effective to saturate the oligomers. Suitable conditions include a temperature of

_ about 0 to about 200°C, a pressure of about 100 to about 1000 kPa and a hydrogen
C 10 to hydrocarben mole ratio of about 0.001 to about 10.
[0050] A further suitable chemical treatment to reduce the oligomer level in
the alkylation effluent involves etherification, in which the effluent is contacted
with an alcohol, such as methanol, at a femperature of about 20 to about 300°C.
[0051] A combination of the above treatment processes, such as comibination
15 of acid treatment and hydrogenation, can be used to reduce the level of butene
oligomers in the alkylation effluent to the desired level.
[0052] By virtue of the alkylation and treatment processes described above,
the invention provides a hydrocérbon composition boiling within 5°C of sec-
butylbenzene and comprising at least 95 wt% sec-butylbenzene and 20 to 1000
20 ppm wt, preferably 50 to 500 ppm wi, of butene oligomers. Preferably, said
) composition comprises less than 0.5 wt% of isobutylbenzene and tert-
(_ butylbenzene.
Sec-Butylbenzene Oxidation
[0053]) In order to convert the sec-butylbenzene into phenol and methyl ethyl
25 ketone, the sec-butylbenzene is initiaily oxidized to the corresponding
hydroperoxide. This is accomplished by introducing an oxygen-containing gas,
such as air, into a liquid phase containing the sec-butylbenzene. Unlike 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-
30 butylbenzene is not oxidized, while cumene oxidizes very well under the same

conditions. At higher temperature, the rate of atmospheric air oxidation of sec-
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butylbenzene improves; however, higher temperatures also produce significant
levels of undesired by-products.
[0054] Improvements in the reaction rate and selectivity can be achieved by
performing sec-butylbenzene oxidation in the presence of a catalyst. Suitable sec-
5 butylbenzene catalysts include a water-soluble chelate compound in which
multidentate ligands are coordinated to at least one metal from cobalt, nickel,
manganese, copper, and iron. (See U.S. Patent No. 4,013,725). More preferably, a
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
( 10 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 trivalént metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof. The entire disclosures of
15 said U.S. patents are incorporated herein by reference.
{0055] Other suitable catalysts for the sec-butylbenzene oxidation step are the
N-hydroxy substituted cyclic imides described in U.S. Patent No. 6,720,462 and
incorporated herein by reference, such as N-hydroxyphthalimide, 4-amino-N-
hydroxyphthalimide, 3-amino-N-hydroxyphthalimide, tetrabromo-N-
20 hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide, N-hydroxyhetimide, N-
h}-rdroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-1,2,4-
C tricarboximide, N,N'"-dihydroxy(pyromellitic diimide), NN
dihydroxy(benzophenone-3,3',4,4'-tetracarboxylic diimide), N-hydroxymaleimide,
pyridine-2,3-dicarboximide, N-hydroxysuccinimide, N-hydroxy(tartaric imide),
25 N-hydroxy-5-norbomnene-2,3-dicarboximide, exo-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-
hydroxynaphthalimide sodium salt or N-hydroxy-o-benzenedisulphonimide.
Preferably, the catalyst is N-hydroxyphthalimide. Another suitable catalyst is
30 N,N',N"-thihydroxyisocyanuric acid.
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130°C, and a pressure of about (.5 fo about 20 atmospheres (50 to 2000 kPa). A
basic buffering agent may be added 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
(_. 10 conversion in the oxidation step is preferably kept below 50%; to minimize the
formation of byproducts. The oxidation reaction is conveniently conducted in a
catalytic distillation unit and the sec-butylbenzene hydroperoxide produced may
be concentrated by distilling off the unreacted sec-butylbenzene prior to the
cleavage step.
15 Hydroperoxide Cleavage
[0058]  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
20 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-
25 butylbenzene, to assist in heat removal. The cleavage reaction is conveniently
conducted in a catalytic distillation unit.
[0059]  The catalyst employed in the cleavage step can be a homogeneous
catalyst or a heterogeneous catalyst.
[0060] Suitable homogeneous cleavage catalysts include sulfuric acid,
30 perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.

Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also
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Example 1
C 10  Sec-Butylbenzene Production Using MCM-22 Catalyst and 2-Butene Feed

[0063] A 1.0 gram sample of MCM-22 catalyst (65 % MCM-22/35% alumina
binder) 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 1/16"
length, and was diluted with sand to 3 cc and loaded into an isothermal, down-
15 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 co/hr
until reactor pressure reached the desired 300 psig (2170 kPa). Benzene flow was
then reduced to 7.63 cc/hr (6.67 WHSV) and a butene feed (57.1% cis-butene,
20  37.8% trans-butene, 2.5% n-butane, 0.8% isobutene and l-butene, and 1.8%
others) was introduced from a syringe pump at 2.57 cc/hr (1.6 WHSV). Feed
benzene/butene molar ratio was maintained at 3:1 for the entire run and the reactor
temperature was adjusted to 160°C. Liquid products were coliected at reactor
conditions of 160°C and 300 psig (2170 kPa) in a cold-trap and analyzed off line.
25 2-Butene conversion was determined by measuring unreacted 2-butene relative to
feed 2-butene. The catalyst was on stream for 4 days at 1.6 WHSV of butene with
97% 2-butene conversion, 2 days at 4.8 WHSV with 95% conversion, then 1 day
at 7.2 WHSV with 86% conversion, and followed by 4 days again at 1.6 WHSV
with 97% conversion. Representative data are shown in Table 1.
30
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Table 1. sec-Butylbenzene Production with MCM-22 and 2-Butene Feed

Days on Stream 3.8 5.9 7.1 10.8
Butene WHSV, b 1.6 4.3 7.2 1.6
2-Butene Conv, % 97.7 95.3 86.0 97.2
Product Selectivity, wt %
Iso-Butane 0.010 0.001 0.004 0.008
Iso-Butene & 1-Butene 0.000 0.020 0.355 0.000
Cs-C; 0.227 0.105 0.132 0.120
C; and C;; (butene oligomers) 0.812 1.753 2.556 1.910
Cumene 0.077 0.050 0.031 0.059
t-Butylbenzene 0.158 0.060 0.026 0.103
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec-Butylbenzene 89.185 90.983 90.490 91.553
( n-Butylbenzene 0.024 0.031 0.030 0.025
Di-butylbenzene 8.012 6.589 5.982 5.791
Tri-butylbenzene 1.239 0.420 0.392 0.417
Heavies 0.256 - 0.008 0.003 0.013
. Sum 100.0 100.0 100.0 100.0
Butyibenzene Composition, % _

*  t-Butylbenzene 0.177 0.065 0.029 0.112-
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec-Butylbenzene 99.796 99.900 99.938 9%.860
n-Butylbenzene . 0.027 - 0034 0.033 0.028
Sum 100.0 100.0 100.0 100.0

All samples coilected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
5 * iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 2
Sec-Butylbenzene Production Using MCM-49 Catalyst and 2-Butene Feed

) [0064] The process of Example 1 was repeated but with the MCM-22 catalyst
( 10 replaced by 0.6 gm of MCM-49 catalyst (1/20" quadralobe extrudate with 60 %
MCM-49/40% Versal 200 alumina binder cut to 1/20" length). The catalyst was

on stream for 4 days at 2.7 WHSV of butene with 97-98% butene 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% conversion, 0.3 days at 19.2 WHSV

15 with 86% conversion, and followed by 0.7 days at 2.7 WHSV with 98 %

conversion. Representative data are shown in Table 2.

20
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Table 2 sec-Butylbenzene Production with MCM-49 Catalysts and 2-Butene Feed

Days on Stream 1.0 39 4.7 6.9 7.1 7.9
Butene WHSV, k! 2.7 2.7 8.0 2.7 19.2 27
2-Butene Conv, % 97.6 97.3 96.7 97.7 86.3 97.6
Product Selectivity, wi %
Iso-Butane 0.006 | 0.007 | 0.004 0.005 0.003 0.003
Iso-Butene & 1-Butene 0.000 | 0.000 0.000 0.000 0.358 0.000
Cs-C, 0.164 | 0.109 | 0.109 0.107 0.089 | 0.111
Cy and Cyz (butene 0.586 | 1144 | 1428 1418 1852 | 1.308
oligomers)
Cumene 0.054 | 0.057 0.045 0.060 0.042 0.043
t-Butylbenzene 0.125 0.128 0.069  0.105 0.042 0.091
iso-Butylbenzene* 0.000 0.000 0.000 0.000 0.000 0.000
(’ sec-Butylbenzene 92.659 | 92,319 | 92400 92.693 91.759 | 93.513
n-Butylbenzene 0.012 0.023 0.025 0.028  0.013 0.013
Di-butylbenzene 5818 | 5.752 | 5.664 5266 5649 | 4.672
Tri-butylbenzene 0.513 0.425 0.250 0.304 0.189 0.241
Heavies 0.062 0.036 0.006 0.016 0.006 0.007
Sum 100.0 100.0 100.0 100.0 100.0 100.0
Butylbenzene Composition % .

" t-Butylbenzene 0.135 | 0.139 0.075 0.113  0.046 0.097
iso-Butylbenzene* 0.000 | 0.000 0.000 0.000  0.000 0.000
sec-Butylbenzene 99.852 | 99.836 | 99.898 99.857 99.940 | 99.889
n-Butylbenzene 0.013 0.025 0.027 0.030 0.014 0.014
Sum 100.0 100.0 100.0 100.0 100.0 100.0

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
5 ¥ iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 3
Sec-Butylbenzene Production with MCM-22 Catalyst and Raffinate-2 Type
Feed

k,. 10 [0065]) A 1.0 gram sample of an MCM-22 catalyst (65 wi% MCM-22/35%
alumina binder) was used for the alkylation of benzene with Raffinate-2 type feed.

This is the same catalyst used in Example 1. The Raffinate-2 type feed is a

synthetic blend 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. The

I5  catalyst was in the form of a 1.6 mm (1/16") diameter cylindrical extrudate and

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

bed, tubular reactor having an outside diameter of 4.76 mm (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 untit reactor

20 pressure reached the desired 300 psig (2170 kPa). Benzene flow was then reduced
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to 7.63 cc/hr (6.67 WHSV) and Raffinate-2 type feed was introduced from a
syringe pump at 2.57 cc/br (1.6 WHSV). The reactor temperature was adjusted to
160°C. Feed benzene/butene molar ratio was maintained at 3:1 for the entire run.
Liquid product was collected in a cold-trap and analyzed off line. Butene
5 conversion was determined by measuring unreacted butene relative to feed butene.
The catalyst was on stream for 6 days at 1.6 WHSV of butene with 98% 2-butene
conversion, 1 day at 4.8 WHSV with 80% conversion, 1 day at 7.2 WHSV with
62% conversion, and followed by 4 days again at 1.6 WHSV with 97%

conversion. Representative data are shown in Table 3,

Table 3. sec-Butylbenzene Production with MCM-22 and Raffinate-2 Type Feed

Sample # 1 3 6 8 11 13 i5
Days on Stream 0.79 279 5.79 7.33 8.19 9.3 11.79
Butene WHSV, h'! 1.6 1.6 1.6 4.8 7.2 1.6 1.6

2-Butene Conv, % 98.6 98.0 98.4 79.8 62.1 26.9 97.0
Isobutene Conv, % 98.2 96.3 96.8 64.4 35.8 93.7. 94.0
Butadiene Conv, % 100.0 100.0 100.0 100.0 964 100.0 100.0

Product Selectivity,

wt%
i-Cy4 0.047 0.039 0.034 0.023 0.025 0.027 0.625
Cs-Cy 0.388 0.525 0.467 0.541 0.640 0.556 0.555
Cg and Cy; (butene 8.739 7.886 7.746 10.343 12.852 7.916 8.230
oligomers)
Cumene 0.175 0.133 0.189 0.183 0.194 0.196 0.172

t-Butylbenzene 2.319 1.577 1.521 0.637  0.561 1.267 1.224

iso-Butylbenzene*  0.000 0.000 0000 0000 0.000 0.0060  0.000

- sec-Butylbenzene  81.330 83.058 83.282 382.789 81.265 83.453 83.406
( n-Butylbenzene 0034 0059 0055 0063 0058 0060 0.062
Di-butylbenzene 52271 5559 5580 4642 3972 5465 5312

Tri-butylbenzene 1456 0887 0926 0495 0378  0.837  0.840

Heavies 0284 0225 0200 0225 0035 0224 0.174

Sum 100.0 100.0 1000 1000  100.0 100.0 100.0

Butylbenzene

Composition, %
t-Butylbenzene 2772 1.863 1.792 0.335 0.685 1.494 1.445

iso-Butylbenzene* 0.000  0.000 0.000 0.000 0000 0.000 0.000
sec-Butylbenzene  97.187 97.817 98.143 99.091 99.244 98435 98.482
n-Butylbenzene 0.041 0.070 0.064 0075 0.071 0.071 0.073
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
15 * iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.



-100. 0 100.0 100.0 100.0 100.0 100.0 100.0 Butvl benzene
- Conposition %2.772 1.863 1.792 0.835 0.685 1.494 1.445

t - Butyl benzene | so- Butyl benzene* 0.000 0.000 0.000 0.000 0.000
"0.000 0.000 sec-Butyl benzene 97. 187
WO 2007/093362 PCT/EP2007/001210
-20-

[0066] Table 3 shows that MCM-22 catzﬂyst was effective for sec-

butylbenzene production using a Raffinate-2 type feed. The 0.5% butadiene in

butene feed had no significant effect on MCM-22 stability during the 12-day test

cycle. The 4.6% isobutene in butene feed increased by-product formation. After

5 initial lineout, selectivity measured at 97-98% 2-butene conversion was 8% for

butene oligomers, 1.2-1.5% for t-butylbenzene, and 83% for sec-butylbenzene.

This was a significant change when compared to results in Table 1 using the same

catalyst and 2-butene feed. Selectivity measured with 2-butene feed at 97-98% 2-

butene conversion was 1-2 % for butene oligomers, 0.1-0.2% for t-butylbenzene,

(__ 10 and 89-91% for sec-butylbenzene. The use of Raffinate-2 type feed resulted in a

| 50% activity drop for MCM-22.

Example 4
Sec-Butylbenzene Production with MCM-49 Catalyst and Raffinate-2 Type -

15 Feed
{0067} The process of Example 3 was repeated but with the MCM-22 catalyst

replaced by 0.5 gm of MCM-49 catalyst used in Example 2. The MCM-49 was
on stream for 3 days at 3.2 WHSV of butene with 96% conversion, 1 day at 9.6
WHSV with 80-83% conversion, and 3 days at 3.2 WHSV with 95% conversion.

20 Representative data are shown in Table 4.
[0068] Table 4 shows that MCM-49 catalyst was also effective for sec-
butylbenzene production using a Raffinate-2 type feed. The 0.5% butadiene in the
( feed had no significant effect on MCM-49 stability during the 7-day test cycle.
The 4.6% isobutene in butene feed increased by-product formation. Selectivity
25 measured at 96% 2-butene conversion was 8% for butene oligomers, 1.2-1.8% for
t-butylbenzene, and 83-85% for sec-butylbenzene. This is a significant change
when compared to results in Table 2 using the same MCM-49 catalyst and 2-
butene feed. Selectivity measured with 2-butene feed at 97% 2-butene conversion
was 1.5 % for butene oligomers, 0.1% for t-butylbenzene, and 92% for sec-

30 butylbenzene. The use of Raffinate-2 type feed resulted in a 50% activity drop for
MCM-49.



-97.817 98.143 99. 091 99. 244 98. 435 98.482 n-Butyl benzene 0.041 0.070
- 0.064 0.075 0.071 0.071 0.073 Sum 100.0 100.0 100.0 100.0 100.0 100.0
100.0 Al sanples collected at 160C, 300 psig, and 3:1

‘benzene/ butene nol ar ratio. 15* iso-Butylbenzene |less than 0.5%in
total butyl b¥PRHIHE detectable with GC used. -20- (PGG@G?'}P%(BQI@%
shows that MCM 22 catal yst was effective for sec- butyl benzene
production using a Raffinate-2 type f ec@l- The 0.5% but adi ene in

but ene feed had no significant effect on MCM 22 stability during the
12-day test cycle. The 4.6% i sobutene in butene feed increased

by- product f or FablEdn sexPpefbenzengProegtion with MEM-49end Reffinpte? TypaFeaded
at 97-98% 2-butene conversion was 8% far butene oligoners, 1.2-1.5%
for t-butyl benz&#@And 83% for sec- buty?benzene. SThis was &

si gnificant cha 1!erpared to resgfts in TaBle 1 usif
$ﬂ nwas 1-2 %f 1butene rlgorrers .1-0.2%

catal yst and 2

97-98% 2- buten

for t- butylbenzgm:me é 89 91% f or ﬁﬁ&obutylbq gne. q se of ~

Raf fi nat e- 2 ty’p‘Fro" lécff\ﬁH' 5/'u —a SG{‘/UGL’LIVTIy

Exanpl e 4 Sec- Bujy] benzene PrOdUCtIOH ' MCM 49 o talyst

Raf finate-2 Typec;a Feed [0067) The pr0@%§§ of Exar epeated

but with the NCIVbZ&d@;(aJt&sshgaﬁag)aced es®. 5 gm @f73iVCM 49 gclgg al yst

used i n Exanpl e Zumddae MCM 49 was on stneam for 8.14ays at ¢322 WHSV of
tene with 96% tBuylbergénon, 1 day at 9.1849%HSV wi 0I3480- 83%I1anver si on,
nd 3 days at 3. ZoReg¥engpiteh 95% conver 9i06h. 20 RépbPEsent attiotz dat a

t he same
ed at

are shown i n Tabpes-Batylbenzene 82.977 84.284 84.720
n-Butylbenzene 0.062 0.05% 0.068
Di-butylbenzene 5431 3.878 4,273
Tri-butylbenzene 1.079 0.429 0.629
Heavies . . 0218 0.082 0.134
Sum ' C 100.0 ° 100.0 100.0

Butylbenzene Composition, %
t-Butylbenzene - - - 2179 0.996 1.441
iso-Butylbenzene* 0.000 0.010 0.013
sec-Butylbenzene 57.749 58.925 98.467
n-Butylbenzene 0.073 0.069 0.078
Sum 100.0 100.0 100.0

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
5 * iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 5
Higher Olefins Production with MCM-22 Catalyst and Raffinate-2 Type
L Feed

10 [0069] A 2.3 gram sample of the MCM-22 catalyst used in Examples ! and 3
was used to oligomerize the same synthetic Raffinate-2 type feed used in
Examples 3 and 4. The catalyst was diluted with sand to 5 cc and loaded into an
isothermal, down-flow, fixed-bed, tubular reactor having an outside diameter of
4.76 mm (3/16”). The catalyst was dried at 150°C and 1 atm with 100 cc/min

15 flowing nitrogen for 2 hours. The nitrogen was tumed off and the feed was
introduced to the reactor at 60 cc/hr until reactor pressure reached the desired 300
psig (2170 kPa). Feed flow was reduced to 2.59 cc/hr (0.7 WHSV) and the

reactor temperature was adjusted to 140°C and kept at this temperature for the



[0068] Tabl e 4 shows that MCM 49 catal yst was al so effective for sec-
- butyl benzene production using a Raffinate-2 type feed. The 0.5%

but adiene in the feed had no significant effect on MCM 49 stability
‘during the 7-day test cycle. The 4.6% i sobutene in butene feed

i ncreased by & ¥0UR8362 or mati on. Sel ectivity 25 neasur edPGYERSHFH01210
2- but ene conversion was 8% for butene 0I2' goners, 1.2-1.8%for

t - butyl benzene, and 83-85% for sec-butylbenzene. This is a

si gni ficant change when conpared to results in Table 2 using the sane
MOM 49 cat al ySten@B%urt- IRHAEPRILGSFs dRbS&L inVd EMd—'ﬁ%ﬁSdH& %ﬂal?ﬂeﬁ Noff line.
2-butene feed at 97% 2- but ene conversion was 1.5 % for butene

ol i gomers, 0. 18epigFentatipedaja gephavmdn Tablg592% f or sec- 30 butyl benzene.
The use of Raffinate-2 type.feed resulted in a 50% activity drop for
MCM-49. -21- Table 4. sec-Butyl benzene Production with MCM 49 and
Raf fi nat e- 2 Typdabedd HahgsQlefins Pralugionayith MEMSEY andiRaffir@te3? Pyrs Feed

But ene WHSV,” | H—=3-29—6-—-322Butene—Cony—2%-96-1-83-0-95-5 -

Samp I
| sobut ene Cony; %P?? +—~6F+—2—92+8 Bu*ll i ere—Cony

Product Sel ecti gubys ol S ol - C4 0. 147 0.033>f7 028 16707~ 1779
Product Selectivity, wi%

Lights (C3-) 0.00 0.01 0.01° 0.01
i-C4 0.01 0.03 0.03 0.03
n-C4 0.00 0.00 0.00 0.00
C5-7 6.15 1.12 1.19 1.13
( C8= 58.06 61.50 61.08 61.46
Co-11 12.51 13.22 13.31 13.18
Cl2= : 16.51 17.28 17.06 17.34
Cle= 6.23 6.19 6.51 6.31
C20= 0.53 . 0.65 6.76 0.55
C24+ 0.01 0.00 0.06 0.01
sum 100.0 100.0 100.0 100.0

All samples collected at 140°C, 300 psig, and 0.7 WHSV.

Example 6:
10  Oxidation of Sec-Butylbenzene

[0070] To a 100 cc Pamr autoclave equipped with a mechanical stirrer were

charged 43.2g (0.32 mole) of a substantially pure sec-butylbenzene supplied by

TCI America and 0.185g (0.001134 mole) of N-hydroxyphthalimide (NHPI,

: available from Aldrich). The autoclave was reassembled, leak tested with
<" 15 nitrogen then reattached to the system. The contents of the autoclave were
pressurized with nitrogen followed by oxygen to obtain an 80:20 nitrogen/oxygen

mixture at room temperature. The contents were then heated to' 115°C over a

period of 6 hours, with the oxygen concentration being maintained at

approximately 20% throughout the heating period by refilling with pure oxygen.

20 Gas samples were taken throughout the heating period fo test the oxygen
concentration. This TCI sec-butylbenzene (with 19 ppm olefinic carbon as

determined by Be NMR) gave 24.5% conversion. The results are presented in

Figure 1.



.C5-C7 0.527 0.503 0.583 Cs and Cl12 (butene oligoners) 7.688 9.732
- 8.185 Cunene 0.128 0.144 0.127 t-Butyl benzene 1.849 0.849 1.240

| so- But yl benzene* 0.000 0.008 0.012 sec-Butyl benzene 82.977 84. 284
"84. 720 n-Butyl benzene 0.062 0.059 0.068 D -butyl benzene 5.431 3.878
4.273 Tri-bWMOAdBEhe 1. 079 0.429 0.629 Heavi es 0. 218PQEFIP7/0013194

23-

[0071]  The process was repeated with samples of sec-butylbenzene produced
in Examples 1 and 2 (with 2-butene). This sec-butylbenzene (with 128 ppm
olefinic carbon as determined by >C NMR) gave 14% conversion. The results are
also presented in Figure 1. The process was also repeated with samples of sec-
5 Dbutylbenzene produced in Examples 3 and 4 (with Raffinate-2). This sec-
butylbenzene (with 961 ppm olefinic carbon as determined by BC NMR) gave
14.5% conversion. The results are also presented in Figure 1. The results show
that oxidation of sec-butylbenzene contaminated with higher olefin shows lower

activity than TCI feed which has much less olefins.

Example 7:
Oxidation of Sec-Butylbenzene in the Presence of Higher Olefins,

[0072] To a 250-ml round bottom flask fitted with a condenser, stirrer and an

air sparger, was charged 100 g of a substantially pure sec-butylbenzene supplied

15 by TCI America and 0.375 g N-hydroxyphthalimide (NHPI, available from

Aldrich). The flask was heated using a temperature-controlled heating mantle,

The reaction temperature was 115 °C and the pressure was atmospheric. The air

flow rate was approximately 220 cc/min. Every 45 minutes, a small aliquot of the

reaction mixture was removed from the flask and analyzed by GC. The procedure

20 was repeated, except the sec-butylbenzene feed was spiked with 1 gram samples

of the higher olefin product obtained in Example 5. The higher olefin samples

) were obtained by diluting the reaction effluent with hexadecane and distilling the
C mixture under 50 mm Hg vacuum using a 26 plate vacuum jacketed Oldershaw
column with a reflux ratio of 10 to 1. Three fractions were collected: i) a cut

25 boiling at temperature before the sec-butylbenzene boiling point of 173°C, ii) a

cut boiling in the same temperature region as sec-butylbenzene, and iii) a cut

boiling at a temperature above the boiling point of sec-butylbenzene.  The

oxidation results are shown in Figure 2 and Table 6. The results show that

addition of olefins to sec-butylbenzene significantly reduced the rate of sec-

30 butylbenzene oxidation.



.Sum 100. 0. 100.0 100.0 Butvl benzene Conposition, % 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 Al sanples collected at 160C, 300 psig,
and 3:1 benz#e0BUOB62 nol ar ratio. 5* iso-Butyl benzene?GTEP3007HHAL0
0.5%in total butyl benzene not detectable with GC used. Exanple 5

Hi gher O efins Production with MCM 22 Ca$al yst and Raffinate-2 Type
Feed 10 [0069] A 2.3 gram sanple of the MCM 22 catal yst used in
Exanples 1 and 3 was used to oligomer |Iz§I ghe same synthetic
Raffinate-2 type feed used in Exanpl es nhd 4 The catal yst was
diluted with sang *{‘B\‘ﬁ c—and—taaded
fi xed- bed, tubul a?rec:b LY
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Example 8
5 Removal of Higher Olefins from Sec-Butylbenzene by Acid Treatment

[0073] Into a 250 ml sample bottle equipped with a magnetic stirrer were

added 94.9 grams (0.71 moles) sec-buty! benzene produced from a Raffinate-2

( feed by the process of Examples 3 and 4 and 2.5 grams of sulfuric acid (97%).
The mixture was stirred vigorously for 1 hour at room temperature. Next the

10 sulfuric acid was removed by washing twice with 50 cc of distilled water. The

- upper sec-butyl benzene phase was then washed with 100 cc of a 5 wt.% sodium
bicarbonate solution followed by 50 cc of distilled water. The sec-butylbenzene .

was then dried over SA molecular sieve. A sample of the dried sec-butylbenzene

was oxidized in a separate experiment as described under Example 5. The

15 remaining sec-butylbenzene was distilled at 100 mm vacuum with a Claisson

adapter at 98°C and was then oxidized according to the procedure set out in

Example 12.

.- Example 9
( 20 Removal of Higher Olefins from Sec-Butylbenzene by Hydrogenation

[0074} Into a 100 cc Parr autoclave were added sec-butyl benzene (47.5g
0.354 mole) produced from a Raffinate-2 feed by the process of Examples 3 and 4
and 1.6 grams of palladium on alumina powder from Aldrich Chemical Co. The
autoclave was reassembled, leak tested with nitrogen, then pressurized to 55 psig
25 (480 kPa) with hydrogen. The hydrogen was vented and refilled to remove any
nitrogen. The contents were heated with mechanical stirring to 100°C and the
temperature maintained at 100°C for 3 hours. The hydrogen pressure in the
autoclave was increased to and maintained at 60 psig throughout this heating

period. The contents of the autoclave were then cooled to room temperature under



.-reactor tenperature was adjusted to 140C and kept at this tenperature
entire run. Liquid product was collected in a cold-trap
and anal yzed off |ine. Representative data are shown in Table 5.
"5Table 5. Higher Aefins Production with MCM 22 and Raffinate-2 Type

- for the -22-

Feed Sanpl e WORAVTAS3GG 17 Days on Stream 14.79 15.79 1@CTFP097/406210

But enes Conversion % 79.61 76.03 76.46 76.75 Product Selectivity,
Lights (C3-) 0.00 0.01 0.01 0.01 i-C4 0281 0.03 0.-03 0.03 n-C4 0.00

0.00 0.00 0.00 C5-7

: 10
C
15
20
C
25

30

a hydrogen atmosphere. At room temperature the reaction mixture was removed,

filtered and oxidized in a separate experiment as described in Example 12.

Example 10
Removal of Higher Olefins from Sec-Butylbenzene by Acid Treatment and

Hydrogenation

[0075] Into a 100cc Parr autoclave were added 55.4 grams (0.413 mole) sec-
butyl benzene produced from a Raffinate-2 feed by the process of Examples 3 and
4, 5.0 grams of Amberlyst 35 from Rohm & Haas and 2.0 grams of 0.5%
palladium on alurnina 20/40 mesh. The mixture was then hydrogenated at 23-
26°C, 57-61 psig (494-522 kPa) hydrogen pressure for 21 hours. The reaction
mixture was then filtered, washed with 5% sodium bicarbonate followed by
distilled water washing, dried over 5A molecular sieve then redistilled with a
Claissen adapter at 97°C/ 80 mm vacuum. The distilled sec-butyl benzene was

then oxidized according to the procedure set out in Example 12.

Example 11
Removal of Higher Olefins from Sec-Butylbenzene by Etherification

[0076] Into a 4-necked-200 ml round bottom flask equipped with a magnetic
stirrer, thermometer, reflux condenser were added 63.3 grams (0.472 mole} sec-
butyl benzene produced from a pure 2-butene feed by the process of Examples 1
and 2, 2.0 grams of Amberlyst 35 from Rohm & Haas and 3.5 grams (0.103 mole)
methanol. The mixture was heated with stirring for 7 hours at 78-82°C with
methanol reflux. At the completion of the heating period, the reaction mixture
was filtered and washed with 50 cc of a § wt.% sodium bicarbonate solution
followed by 50cc distilled water. The upper sec-butylbenzene was then dried over
5A molecular sieve and redistilled at 98°C/80 mm with a Claissen adapter. The
distilled sec-butylbenzene was then oxidized according to the procedure set out in

Example 12.

wt %



-6.15 1.12 1.19 1.13 C8= 58.06 61.50 61.08 61.46 C9-11 12.51 13.22
- 13.31 13.18 Cl12= 16.51 17.28 17.06 17. 34 Cl6= 6.23 6.19 6.51 6.31
C20= 0.53 . 0.65 0.76 0.55 C24+ 0.01 0.00 0.06 0.01 sum 100.0 100.0

100.0 100.0 Al sanples collected at 140C, 300 psig, and 0.7 VHSV.
WO 2607/093362 PCT/EP2007/001210

C' 10

15

20

-26- .

Example 12:
Oxidation of Sec-Butylbenzene after Various Treatments

[6077] In this example the commercially available sec-butylbenzene from TCI
America and samples of the treated sec-butylbenzene products from Examples 8
to 11 were separately oxidized according to the following procedure.

[6078] To a 100 cc Parr autoclave equipped with a mechanical stirrer were
charged 43.2g (0.32 mole) sec-butylbenzene and 0.185g (0.001134 mole) NHPI.
The autoclave was reassembled, leak tested with nitrogen then reattached to the
system. The contents of the autoclave were pressurized with nitrogen followed by
oxygen to obtain an 80:20 nitrogen/oxygen mixture at room temperature. The
contents were then heated over a period of 6 hours to an operating temperature of
115°C and the oxygen concentration was maintained at approx. 20% throughout
the heating period by refilling with pure oxygen. Gas samples were taken
throughout the heating period to maintain the oxygen concentration.

[0079] The results are presented in Figure 3. The results show any treatments
which result in Jow olefin content improve the sec-butylbenzene oxidation rate.
[0080] 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 should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



. Exanple 6: 10 Oxidation of Sec-Butyl benzene [0070] To a 100 cc Parr
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" America and 0.185g (0.001134 nol e) of -2 hydr oxypht hal i i de ( NHPI,

avai l able from Aldrich). The autocl ave was reassenbl ed, |eak tested
with 15 nitrogen then reattached to stem The contents of the
autocl ave were pressurized wth ni tvgiﬁmm | oned by oxygen to obtain
an 80: 20 nitrogen/ oxygen mi xture at roomtenperature. The contents
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0.375 g Nsthy@-208MP 0t BabinBldaok MdRlor avail able from Aldrich). The
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anal yzed by GC. The procedure 20 was repeated, except the
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fracti onsjonvere2s @l 9@ct£4:570D.0F Ht3 L5 507 lAndgr@h. tenperature before

t he sec-butyl benzene boiling point of 173C, 7ii) a cut boiling in the
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t hat addi %ﬁﬁr?ﬁs&?‘&c’gec- but yl benzene significantly reduced
the rate of sec- 30 butyl benzene oxidation. WO ) i
2007/ 09336 Ibepragosorf any Precedngalaimy sbereinpsaid g olsfinwonwrisenalinear Bgene.
Feed Reaction rate % hr TCl s-BB 2.5 TCl s-BB + Higher Aefin (boils
bel ow 173CIh2 pbocES ofsiBR & whegdiesaidllmbarbutdiei dosmpaisesl 7 3iikenk. apd/of Cl-
s-BE + Hbgkee. O efin (boils above 173C) 1.86 Exanple 8 5 Renoval of
H gher A efins from Sec-Butyl benzene by Acid Treat nent

10. The process of claim 8 or claim 9, wherein said linear butene is contained in a mixed

Cy stream.

11. The process of claim 10, wherein said mixed C4 stream is derived from a steam-
cracked crude C4 stream comprising the following major components:
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[0073]Into a 250 mM sanple bottle equipped with a nmagnetic stirrer
were added 94.9 grans (0.71 noles) sec-butyl benzene produced froma
Raffinate-2 feed by the process of Exanples 3 and 4 and 2.5 grans of
sulfuric acid (97%. The mixture was X¥rrred vigorously for 1 hour at
roomtenperature. Next the 10 sulfuric acid was renoved by washing
twice with 50 cc of distilled water. The upper sec-butyl benzene
phase was d . Wi 100 cc of a 5 w. % sodi um bi car bonat e

sol ution f%¢§$m%wgé%%%#1%ng of distilled water. The sec-butyl benzene
was then dried over EA mol ecul ar sieve. A sanple of the dried

sec- but yl BERenwt st 855tHF3eY i n a separate experiment as described
under Exanple 5. The 15 remai ni ng sec-butyl benzene was distilled at
100 mm vaclierddwt b utcdicall dsor Saddpbutenat OBGlamt’atesbutdven oxi di zed
according to the procedure set out in Exanple 12. Exanple 9 20
Renoval of0 i igher %GoenbhbutideodioSeet Buisylbheméene by Hydrogenation
[0074]Into a 100 cc Parr autoclave were added sec-butyl benzene
(47.59 0. 324THObRYeRFeUsAd of A8 B8] MbRatE; reb@86 ABY iR b P8R SteOf
Exampl es 3ugid éﬁt%%q Bs@b;%&ﬁ@ QeamchAdl EFH&%%;E %F@aﬁ&%ﬁ{ex&fa&fﬁtnh
ni trogen%?ﬁagg Srlesgﬁrjgtggl{é%d ¥e§)l§| gaié‘%?i%g %g) D\%pfig ﬁ%}%?%%er‘#é The
hydr ogen WRHOL ENRY“YNd refilled to renove any nitrogen. The contents
were heated with mechanical stirring to 100C and the tenperature

mai nt ai ned &L WoBAWMAHES hours. The hydrogen pressure in the

autocl ave was increased to and nai ntai ned at 60 psig throughout this
heat i ng pé€rtd &b wrheCe avatylanics 29 ta FHewalt nutevd were then cooled to
roomtenperature under -25- a hydrogen atnosphere. At room

t enper at uile té Be wtéabtiener2m xt ure was renoved, filtered and oxidi zed
in a separate experinment as described in Exanple 12. Exanple 10 5
Renoval o iglisghar, Qosfiicis from Sec- Butyl benzene by Acid Treatnment and
Hydr ogenati on [0075]Into a 100cc Parr autoclave were added 55.4 grans
(0.413 no o B ene produced froma Raffinate-2 feed by
the pr oceéggg %@%ﬁ%& bg‘%%éd 4, 5.0 granms of Anberlyst 35 from Rohm
& Haas a\r,zg 2.0 gran'é?of 0.5% 10 pal | adi um on al um na 20/ 40 mesh. The
m xture wadl tRETe R Pabd¥nat ed at 23- 26C, 57-61 psig (494-522 1cPa)
hydrogen pressure for 21 hours. The reaction mxture was then
filtered, livBigaaocqss Af Goim belivwirarein saidoied €4 Sutdnisedtrivpd oatd | | ed

wat er washi ng, dried over 5A nol ecular sieve then redistilled with a
d ai ssen wdfapte stream OfEned Dy subjoctguanstedberatksd tiude @, seeanbtt /1
benzene wWagirdgenhtion proceshi 13 eenaacnitating, vbetdesdid QLHOAE Sré@i c@bprided the
Exanpl e 1@llowkaimbir tdmpPemeyal of Higher Oefins from

Sec- Butyl benzene by Etherification [0076]1nto a 4-necked-200 m round

bottom f | ggks g4} GieWk b 85 4 jrrer, thernmometer, reflux
condenser were adg'g% l83.3 grams 2?4%5%2%1%5) sec-butyl benzene

pr oduced 0 re 2-b ne. f by t r,acess .of Exanpl 1.and
>, 2.0 gr%%rgﬁ“’%%%?? <} DGS% WEEH Wi 48823 50 1@hul e P ortabs
mol e) netHERGFOURRR Y AP X ot 8 SR8 Hat ed with stirring for 7 hours at
78-82C wi th nethanol reflux. At the conpletion of the heating period,
t he reactlbdhgipreagpeolmaimall), mherain said miged\s ieehnwistderiged fomaf raffimite

W . % sodi sireaini abdaibehby subjeriting iacreafeéhdwedrbde GOstoeadi ®ta dolvedt ewitaetion
The upperprsess butepidve brexdeEneasd thanisobuede osraovd provebs tthkin Siid vafindae
redi sti | |sedadtcoRpeds@OhefoNdwilg mfdiiosgRaecelapt er. The distill ed

sec- butyl benzene was then oxidized according to the procedure set out
i n Examplgial = 26=, Exanpl e 12: Oxi dation of See-Butyl benzene
after Var{jiatgulgwﬁ'?ée)%%tar‘r%%es [00771In this exanple the commercially

avai | abl e, sec: but, enzene.from TCl Anmerica and sanples of the
treated g"éﬁﬁ%?&%?ﬁ?&ﬁé’%&%ducts fromExanples 8 5 to 11 were

25 to 75 wt % butene-1




. -27- CLAIMS 1. A process for produci ng phenol and nethyl ethyl

ketone, the process conprising: (a) contacting benzene and a C4

ol efin under al kylation conditions and in the presence of an

" alkylation catal yst to produce an al ky¥%ation effluent conprising

sec- butyl benzene and butene oligonmers; (b) treating said effluent to
reduce the anmpbunt of said butene oligoners and produce a treated
effluent; (c) oxidizing the sec-butyl benzene in said treated

ef fl uent teightd@uds spaday@loefty (WHISHE) baaedion Od hlkglatiay iapenttdi€rom 0.1 to 50 hr*

hydr oper 0xha@r hnn(iélio bPhdHzefd orhRdRImang spet hyl ethyl ketone. 2.
The process of cl a| m 1 wherein the treating (b) includes at |east

one_cheni o3l i ﬁgrewcﬁng EQGASILiShA BnfecrtDENG! ShRbflaThier w

| east onelch 8111 Lk aliia I'n of orrerl Za

sel ective 7€ SRR Y é 'O%i dation, esterification, and

et herfication, or a caonbinatign thereof 4. The process of an

pr ecedi ng2é{ RGRIOFE PR PIRECARS GRI g {1 7%8@@6@@@6%5%159 g@ﬁce%a. d
but ene ol Pgbkutyibangenes gad thearoqespiwihisr comprises sapiaeting said pefybutglbenzeaes
process oWwitihenpenscedhapresinge of a wassadiviationeatrdysh b/prodecsnsebytdbazene.

| east one nol ecul ar sieve of the MCM 22 fam|ly. 6. The process of
claimb5, @BeTled protdze ofiolann AP awhatmbe atindabieyldMoltcatalyfsandyrises aanolecular
mol ecul ar sigheyededied/ fro 201its-bety nibriidniRCUBYNMIENIL 2, PSHNZ | 38H-D§, ERB-I,
spaci ng nFFQIIBI’RQ 21 AN R MCH-99) NEM-36 TIIMT, A Gni3nddsithBre8

Angstrom zI'he process of claimb5, wherein the nolecul ar sieve of

the MCM 22,

1 e Wﬁﬁﬂ%ﬁﬁiﬂg@ﬁ%ﬁﬁ e by e,
The procesSs C?%I m wherein said C4 olefin conprises
a |linear tene e) ss of .claim@8, whereln said |inear

but ene co Iapgée (liydl S tpFaRucIeas Thiigleup! SHPOMB g BrRgagesss (b) an

cl ai m 8 ofXe{byirAxg) mﬁgﬁdetﬁﬁa@-&ieer metad sppler daEing & mizad Aok gores oae metal
m xed C4 efthegpie being adivalspbwetad sadécted Gipm 20 Cunkhered, Niskindindinxistire
st ream i sthdrsof eediadathen metsl wing « rivekeat metal dedecad fomdante dviprGsiAgntihe
f ol | owi ngmirtjues teoendpnent s:  -28- 30 to 85 w % butadiene 0 to 15 w
% C4 acetylenics Ito 30 wt % butene- 11 to 15 wt % butene-2 0 to 30
W 9% i SOb@Q%N—gidr@xﬂﬂlbéhm%d@fcﬁahmﬂiéte%ﬂ@: HodcOordin e HescsiOe BPh 8E radlchl
The procegsi@dr ghd@l M 10, wherein said m xed C4 streamis derived from
a raffmate stream obtai ned by subjecting a steamcracked crude C4

streamto | vie r

sai d raffy §h§’ﬁ 4 ?%hﬁ&%ﬁs%tcb@ﬂe%& REE Tt GohE S uanEHAdleE s HETEH,
2 wt % buf'&tfif%ne 0 to 0.5 % C4 acetylenics 20 to 50 wt % butene- 1
10 to 30 wt 0 o but ene- 5@0 to 55 w % isobutene 0 to 55 wt %

nor mal - buAa T GRS ok gny areceding Alaife Wherpin e xpligng 6 ipeondugicshat g,
wher ei n stgmpengiyte @ E2° G tor AR aadigs pipyesguk 08 AP &0 280G kR0 9t30eam

obt ai ned asposplisfesdt i ng a steam cracked crude C4 streamto a

hydr ogenati on process to renpve butadi ene, wherein said raffinate

st ream c@® Ths @sodeksoiianl ippotiedimgrodiog whergiothe rleaving (Hpis<ombucted in the

but adi engrbsehoe 8f Dearblydh C4 acetylenics 50 to 95 wt % butene-1 0 to 20
wt % but ene- 2 0to 35 vvt % isobutene 0 to 10 wt % nor mal - but ane 0 to

1w %iser

C4 st reagg {3(5% g gtﬁe%fg%jai P@cef%lﬁglf g;hs%ﬁ%gcg)e% Wﬂ&fﬁg@n@_ﬁ%} ectl ng a
steam crdc 3 crude rear"ﬁ ¥'a sol vent extraction process to
renmove buta ene n an i sQ-buytene renoval process, wherein said
raf finat 628 %a}ﬂcemft&?%@sz @W efeeﬂl b ggos%aeeps AP PO RPEISeS Rt gpst onyg of
% but adi SHEWAC agdpaschipriogeid, Rarieracids hygrochloris agig, ps telncapralfpnic.apy,
wei ght hd‘gtﬂc;phqubebwn@cﬂquem dierddaiamsisufyr tifdzydeat i ng agent of
fromO0.1 to 50 and/or a nolar ratio of benzene to butene from1l to
50. 21. ToeThe press dffanppyecpdiag ethimgwbt®@inthe vlkkeviag fic)Satonduerddds theng

presence of a heterogeneous catalyst.




. (c) an N-hydroxy substituted cyclic imde either alone or in the
presence of a free radical initiator; and (d)

, N, NL, N'-tri hydroxyi socyanuric acid elther al one or in the presence of
“a free radical initiator. 25. The prdfess of any preceding claim
wherein the oxidizing (c) is conducted at a tenperature of 70C to
200C and/or a pressure of 50 to 2000 kPa (0.5 to 20 atnospheres). 26.
The process of any precedi claim wherein the cleaving (d) is
conduct ed 3% Thh @1q§>ﬁ@s@méeémdf% whereimsajd heteppeneniye cpialyseensnpsisegp gmectite
precedi ng dddyai m wherein the cleaving (d) is conducted in the
presence of a hoaneneous catal yst. 28. The process of claim 27,

wher ei n s&1d The prizes 9ﬁécaaﬁdstc1a@1ﬁn%¢rsﬁ&hatlehﬁﬁgt(d)d@eoﬁucﬁedlaft gric
aci d, per GBheEhfird6f £0° @%qwt%ﬁc%la@ Rssudy §F INHOI006 kP& /R liquid

t ol Ue”esu' i ﬂﬂz‘é?aac%'x}élocit %Ig@vggh%'oﬂ%e Hfdregerbklfdle Wpr indEg heul f ar’

di oxi de ang ur tri o The process of any preceding claim

wherein t eav ducte the re
heterogen % JfoﬁF 0&%}1370% SP E’Sreéps Qﬁ(%i @f@d rein
sai d hete 5??8?1 éeccl

process opoawﬂﬁgé& ‘aaﬁ?ﬁ FRACHE %r%%or@memtc’iféute%duct ed
at a tenp OlgeHEB. of 40C to 120C and/or a pressure of 100 to 1000 kPa,
and/or a liquid hourly space velocity (LHSV) based on the

hydr oper o3 d€hokydrocarbth tomipositia. of Them@2end sempiismgd 0dn 00 ppml wi ol

1- 21 wher dutensbipsméms) and (b) produce a hydrocarbon conposition
boiling within 5 degrees C of sec- butyl benzene and conprising at

| east 95 wi! /RUYDRERAERRIRAD LRI 3210 QAR Md RinpPitn@N&s than 0.5
ol i goner Swt33of1 gbqlph%g&gg@glgp@ﬁomg&{z%ll on of claim 32 and conpri sing

50 to 500 ut ene |gorrers The hydrocarbon conposition

of claim S|n ha % of, .
sobutyl bggz@@%%é @eﬁtﬁ%@ et {8n oB 3 bEBE oy 2 My et
CONMpPosi t| %4 in a method for pr oduci ng
phenol and rret hyI et h¥ ketone. 36, The process of claim 1, whereln
sai d but ed@ B Rjessss & E%%h‘é’helﬁtn satklitens RligomperygQumprse agleastyyg Crz
process opledihai m 2, wherein said at |east one chemical treatnent
conprises an acid treatnent wherein said effluent is contacted with
at | east BNellmgirdeess 38claiing, whaemsaiddt ledsaoma chemided tebimeaatsinptisek @ast

one chem g&d tlehtp@nraneretosid eSRsntly dofgand vttt Wast geraciiai d ef f | uent
is contacted with hydrogen in the presence of a catalyst. 39. The

f;’f)ﬁ; relsgegis Clgié' Phdess YNERSRA 9, $Rrfindkid a%%gt %ecth%&%m ﬁ%hnﬁeh'@@éﬁﬁ&
al cohol . 9@6& dg 1%1?%212%21 %%ﬂt?éﬁa@ntg%g V\%er e?ﬁeﬂshgdgpéﬁg%ﬂﬁtﬁconpr I ses

nmet hanol . "The process of claim2, wherein said at |east one
chem cal trrent COQRri s conbj nati on of _aci.d. treatnent wherein
said effl eﬁ?h .%O@aﬁ?gﬁflaﬂfwf%ela@a% Stpe ‘é‘EPJéFaéHHatH’faF SRIBRTEES on

wher ei n sgheriigaripn afhersia sag stflentis W@ﬁteﬁyﬁ?boﬂj’eﬂc‘?hﬁ) the presence of a

catal yst. 42. The process of claim?2 wherein said at |east one

cheni cal 4G ddepeodescoigains3d whbiefi suidblcgmiepinpasésonethatd. The process

of claim2 wherein said at |east one chenical treatnent conprises the

addi ti on of Thetpesesd eMalait2, obiedrtin Saiit Makeone cBERMAT treAORBY ¢t

et her combination of acid treatment wherein said effluent is contacted with at least one acid
and hydrogenation wherein said effluent is contacted with hydrogen in the presence of a
catalyst.

42. The process of claim 2 wherein said at least one chemical treatment comprises olefin
oligomerization.

43. The process of claim 2 wherein said at least one chemical treatment comprises the
addition of heteroatoms to olefins to make a product comprising an ether.



