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WD 2007/ 093358PCT/ EP2007/ 001206 PROCESS FOR PRODUCI NG
PHENCL AND METHYL ETHYL KETONE FIELD 5 [0001] The

present invention relates to a process for co-producing
PHENBT/093#8 net hyl et hyl ketone. BACKGROUND  PCT/EP2007/001206
[ 0002] Phenol and net hyl ethyl ketone are inportant
products in the chem cal 10 4tndustry. For exanpl e,

phenol is useful in the production of phenolic resins,

bi sphenol A, c- caorolactan1 adeIC aC|d al kyl phenols
and plast|C|'ES°C M AOR FRODYCING QO AND can be

used as a | acquer, BT mog&y\am ng of
| ubricating oils. [gygigig;rwnnii11nwmwrroute for the
production of nethyl ethyl ketone is 15 by
degﬁgéﬁgenation of sec-butyl al cohol (SBA), with the

al bei ng produced by the acid-catal yzed hydration
507 [0Api ENeThe E%’sex@i%ﬁ@m rél 8o’ ﬁ@beﬁ?@i‘l &@-prbducing phenol and
nanufacture reaction of butylene with sulfuritc acid
hwmﬂbebﬁhﬂd@umpllshed for many years via gas/liquid
extraction. [0004] Currently, the nost common route for
the production of phenol is the 20 Hock process. This
isBA(nhmReHHWBp process in which the first step

i nvol ves ation .o ne wt ro ne to
pr l&ﬁﬁ%le c %ﬁ@%/?é ang mew&&@@fﬁt% aa%twﬁtaa? grf)ﬁvéct% bR ghergical
10t hi%dﬁé%éf eFho Bdrdle NMEP R Geekidl qn&ﬂd pedtRti6h SR\PRBHOIRS resins,
r

operoxi de to produce equi nolar anmounts of

phl@mwalnﬂ aearolaetampadipiceacid, ¢ l\nbﬁms @adpiagtieigers, whereas

I f
BB b DL AU El B Sk i & hehiafice sPye B, B eOifing of
f olubbedtiegeds.i s | i kely to increase, due to a devel opi ng

ounpda"; Ree BeiCoreRP s e BePraBgRGH b Bomyl Blutigone i

15 ”Hi)hdéhyﬂfdgﬁhaldﬁﬁtd! Rec-bdtyh&ttoHoh B AY, eilﬂﬂthg rtaohbkEbeite produced
attractive alternative rqute to roduction o
DO F SCHCRRRIEEY Py drak o, DY RS 1P FEPElACE GRS AL Sl FBA
k ShMFaGHe tYGesPioR 0P BGRAe Wth3XBrY 8¢l Rhd BenccdPflisHeE bor
process 1 n which sec-butyl benzene is oxidized to obtain
s emamyspren gefequig extesgiemxi de and t he peroxi de
de ose t
P00 2 ubul) Bl S Ale B0 the TbfuioR ofphenal ic the
20- 2Hockpag:esss113'h1¢2fb anhi'ee-@tbpzlﬁ’ecetsﬁ iPrwltels sh&duostosteg snvolves
22B entitl ed nol ublish by..the ... .
SRR G ST it SRR e 7 Arode ity G oW rgidation
Sea‘ {hdt QUnkeRB 718 NBie CadfreBdnBIN@OMeRebiyxidd liivd ahdrngleheize egfethe

wi th nbutenes over an acid catalyst. The chem stry_is

v eliyiraperaxid: toy rodiasyaqpuRelamamas ef phepphand,acsinnet .%fﬁvever
Home \ihrid &%&B%F@geemsﬂg}w Rbret AFidR) 04h d: 6 FIEHe. In

I NCreases the nu r of pro UCt i somers al so
25| residgmpethe cpgrof prapjsine relativeytp thah faratdnesisdikelyi to arasease, due

pr zen r
R R, B BRI v s st
| safpropBene,as fevd ahb labapi-dmmesemethyl dtloy! kseae mjhgtlthmrm:elroee may

productlon it ortapt to 10 iso-,

t -YAnAt %@HZ%&‘&"’%{W& e iR e Bf@H&%O%?TPéF‘bcguct f or mat i on.
Th(%@sl by pP1Qélidvwn thﬁﬁ;ﬂ{%ﬁbpdnh)fnétﬁﬁ-emy‘l YetBROZRNR colii¥@uced by
boiling points very close to secbutyl benzene and hence

30 araevmanpn@tnthe Hocls pysarsatia hidnseseutibenzenseisxidizesto obtain
distil] at &
poerteoRepfi: SYEuld8iifs di binide BERAGHEACL) U0 desires

S -phighyl atmeﬁﬂahﬁlemylrke&mbylmnzmew&ﬂ‘ slibh pQOOEEVIS desritied in
i so- butyl benzene and 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 nethyl ethyl ketone and phenol. Thus,
it is critical to maxim ze the sec-butyl benzene
selectivity of the al kylation process. 20

[ 0008] Al t hough by- products, such as isobutyl benzene and




-4- (a) contacting benzene and a C4 al kyl ati ng
agent under al kylation conditions and in the presence
of an al kyl ati on catal yst conprising at |east one
erwaoaj35§| eve of the MCM 22 fam | Yy to pr Odu%mzoo-”oﬂlz()G
al kyl ation effluent conprising sec-butyl benzene;
wherein the contacting is congucted in a plurality of 5
reaction zones and said C4 al kyl ating agent is supplied
to each of said reaction zones (b) recovering a
secpages MiBpanzend 2610263 of Fro@uss Froforicl ViepohORo. 22B entitled
effluent  sald fraction conpri si&g]a_t | east 95 w % '
secTpgrall uhlidhed by theshtanfardResogehinshpig inDecgmben ¥ ns,

- -antob6as -t 0 [ e 3 -
put PRI ey oityietcil Ton 10 RUALIP B EAEVRAE boldEhe M -
r ecnenes dvérran(dejd taalpsto dihe ehemistryl o pery Gichidte ;to athglbenzene and

d) cleaving the hydroperoxide from (c) to_produce.
B e Rt HGPE &5 ofe b8 nbibar pf Bieckiiagns agent
t heinfre@es, et MAGMYET U phddubtd ksoaRiP ! dISe Sndbask€aS Fof Texdinile,
sec- butyl benzene, |ess than 50 wt_ppm of Cg+ ol efins,
| essdhylbpagens. hasypng, 5pmics diseRYhamernechas Byedisomers (cumene and n-
terdx Z . ' , id
secl:fr E}ﬁt yﬁ?ﬁ%%ﬁe?’e%@&fljrdé@tg%%%ﬁ?shg?g%)ggggcgﬁd&? T ’d?sr%'écﬁc)'f and t-
f r dmtydedndersl).k JFoa s¢mbutgibédzena produttiva it ipiinportan erii@inize n-,

tment of the 20 effluent. [0016]| th
o3 TN SEPr ot YIS et | Deptoche” SpBER.cq These by

cheibduats, tebRiallyNiso PoiyWenkdhe! BERY 8bMingf poifs dvery close to sec-
sec- butyl benzene fraction. Preferably, the chem cal

t r eayisRzeco AP ihsaee rerditiicwlt | tgopaprTaiatfionh seebplylhentae by

I eqiGiiihQbh (s8&laBlltelfy)OXi dation, esterification, and the
addition of heteroatons to 25 olefins, _or a combination
t hereof. [0017] Conv8niwrenkene t he ndBaling BeingP€ve has an
X-ray diffracti on paBusihenterel udi ng d- spéri ng naxi ma at
12. 40. 25, 6.90.15, BBoilbeizenand 3. 420. 0T71Angstrom For
exanpl e, the nol ecul-Butydbedvéne S sel ect eg7¥ rom MCM 22,
- PSH- 3, SSZ-25, ERB- 4.Bubyikénkend TQ 2, MCM@H, MCM 49,
MCM 56, UZM 8, and 30 m xtures thereof Preferably, the
nol ecul ar sieve is selected from MCM 22, MCM 49, MCM 56
1530 d000dd y Pdareppery dsorbutwhenzene andrierebpiylicazens| are thnown 1o be

: 6 g4and, J: p the .
2 00}47@"0‘5%@3 5 g’gc’ll? Eg"ééd‘gag’%o 1 o§g$ Efﬁ?{b@% pri2s b pfSrespending
C4 hydiepéraxidaga ageentary oaprstepefordhd prodactidousfemethyf ethyl ketone
exanpl e 1-hut ene. and/ 2-butene. In, 0 enbodi nent, ‘
B sl M e et oo oot seFriBaghof the
suatkyBsionpfdetdsi nat e-2 stream [0019] Conveniently, said
al kyl ation conditions also include a tenperature of 5
25 $980Bh o Bweeh ByREeslctspaisk as dsqppiviieneencand 2erbbutyeazene,
OF chBS mimiRAby\RIY phBULberRPREE HELhind ion it i
bageq oﬁ"cﬁ'a||3y|£%?n8 qgenteof fFon1abou%¥3F¥%$%@%ﬂ?“ls
hi desizghlg toremaloyrmare gcafontieat buisne fagdd; gedves Ruffidatoth Abtypical
1 U . PIefr f, firoma 2 tq.aboutl O
roRTRARLE ol GE1B Bnlalerd it 3 By Vit B ineriseee
oneobutbmd inreint feeslaiad highat agpradyc( &jakk Sis ceaxpeltted, esthidh dafther
at .| east 10. partial Jjqui ase conditi.ons. [0021]In a
253 o jpetves BT o e SR Ee e oR eER Y DU BPGibced
| N[(0BY) COMPI ade@fonD ik YIRM! bW EPLAN Esun@Nthat NBe REHJERRA of sec-
further conprises contaptlnglsald pqéybutylbenzenes
wi butylenzean s 3lsp Yaie spnséiyerie Bregiresgnee efrfBahightr{Ce biolefins that
ca - . veni.ent | t he
S e L e e T
sel ected from zeolite beta, nordenite, USY, MM 22,
PSH 3, SSZ-25, ERB-I, ITQ 1, ITQ2, MM36, MM 49,
MCM 56, UZM 8, and m xtures thereof [0022] Conveniently,
the oxidizing (c) is conducted in the presence of a
catal yst, such as a catalyst selected from (i) an oxo
(hydroxo) bridged tetranuclear 20 netal conpl ex
conpri si ng manganese, (ii) an oxo (hydroxo) bridged




10 Exanples 9 to 11 with that of a conparative process
usi ng substantially pure secbutyl benzene. [0028] Fi gure
2 conpares the sec-butyl benzene hydroper oxi de
wa) motogsissy of the processes of Exanpl es 9 topétyEredhoo12o6
that of a conparative process using substantially pure
sec-butyl benzene. 15 DETAI LE[3_DESCRI PTI ON CF THE

EMBODI MENTS [ 0029] The present invention is directed to
a process for producing sec- butyl benzene by al kyl ati ng
benikghéoni wienabténealsk ydntdctadgwith evehzereuimhtha sprasehce1 @firan acid
but eng, d then converting the sec-butyl benzene i

¢ o ColHte Mpregrar, srstan sihereibuiens oligpmeednd ip Haiicuiap ceriin)of
B . ¢ I~ . : o r ol L
o/ Sy DB 1A0E bR FARSTIER) Clbst 1 aecfilyloBhcn®lmaking
c o theasgifitanltrtg sepatate frematkdaionreffludne hy distiHationg t he

e i ng droperoxide to produce.fhe desire heno
g1l e TREIERSL Bshfor BR8P ider ) BEiFLfEEE pREERbr co-
I nysyduciapg pienbbasd mahjlhethdll keone rsYartifatfronl &efxdndaiddon C,
25 step to convert the_sec-butyl benzene to the

corl¥eHBR deRY- BYdy BpBafinatre?,i AdhproRredings fupyghyan drjermediate
Pr ea&a8 afy1:404 Ipgﬂa:%%rfgﬁ?ﬂoﬁuéhg?ie;—Qﬁtﬁﬂérﬁh?@nz ene

fraction récove t he |'at7m on effl uent.
Mof@Bkr | 6% PatnnNof 48884588 dBelosdsef presedsdue theoilkylatipn of an

oints.very close to.that of sec-butyl henzene and hen
120 e o BT e BBt PRt SEERBOER RIS e
f r amimatio Hydratatboh Wit b @). to TOWSIefih inféreteloist PArtiah Viguidi phase
seeks..t-0o obyiate or redyce this probLen1bK controlling .
t hEOIRIRS NS BhihG PERSERSE o8 cBPhsheamRristng zepliteeian dn pAgition, it
segr Rhdwi FRAT. e efxﬁﬁgfe' QNS SPackhteNo! Bk 2BE! ihalf MCOMR22 is an
2007/ 093358PCT/ EP2007/ b01206 -7- Cg+ olefins in the _
s eeffertivg | cgtatyse der slkyletoronf promelic icothpprndsi suqhhes benzene, with

| i | ' : .

155, SRRl et il bEGhENShY AL 1o M BB HOfs gyers wide
[ 00Bgt dheniperaneeefrempboytddCito abduwe 5607, bedferaiy Stoapationt 50°C
produce = .ylL.benzene can be, any, .c i al
b3 L 25 S BSBETE e ¥ iR TR i NS AZed10
la pud js,g sg,bmml(; vﬂfg@ﬁlﬁ keAiés SOMEN4HRE Milpllvﬁﬁffeaﬁﬂg}iyay

east .8 wt the inpurjties typica ound in a

belIIAL | 3ed,°w? tniemagpryl o ApRcatign PNt B HEPRYIS/008SS7, Tiled

20COPGER: 533 0BN wehattl ddsBSIRA 26 QRPSHRE Hriel oMt gradibing Pnol and
nore preferably below 10 0.1 Wi ppm and to maintaln the
cometivl el distant, thel praeess sapotisidg (aklcontadtng mtfeqdpeamprising
no b e V.. ni-Lr
ez b8 RCY aRS1aRhG gt A ahou RERHRRLny My S0y
pasaagesiid) eanligh beta rop| aacMICM-22 i famély aieolite hre rprsdicp tancalkylation
betigﬁ{u Water l.evels in the benzene shaul d al so, be
ma

SPELTPBUNE SEERV YL BENGW b OB Wneghy rerefbBrge to
25hehaduddR ndrdperdxidel an@ GRS &) Yeleadftigethe! IBMBdperdidde O pRQuce
reduced by distillation or by passing the benzene
t hPbrgh ala}l msthat efhak kedensy eTlﬁr%e?lkylF@%Qgeﬂh garpbek § mikgchbutene
agenli &R PRaR%ed! & 1'1% gr aromatic organic conpound
having one or nore avail a ?e'alkylating al i phatic
groups capabl e of reaction with benzene and having 4

Ca&ﬁ@@ﬂ@ﬁ . Exanpl es of suitable C4 20 al kyl ating
ag e+ ude nonool efins, such as |inear butenes,

30Pa[00181! arTh Y¥nb HiREE thedftededl indbitRAGeRdesAinGOpIBE s for producing
(i nclusive of nonoal cohols, dialcohols, trialcohols,
et ehonobandymethyhetlayl kgtoamdheaprogesacRypPrigdgier s, such as
di butyl ethers; and al kyl halides such as the butyl
chl orides. [0033] The al kyl ati ng agent can al so be an
ol efinic C4 hydrocarbon m xture 25 such as can be
obt ai ned by steam cracking of ethane, propane, butane,
LPG and |ight naphthas, catalytic cracking of naphthas
and ot her refinery feedstocks and by conversion of
oxygenat es, such as nethanol, to | ower ol efins.
[ 0034] For exanple, the follow ng C4 hydrocarbon




30-85% 0- 2% 0- 2% 0- 1% 0- 1% C4 acetyl enes 0-15% 0- 0. 5%
0-0.5% 0-0.5% 0-0. 5% But ene-1 1-30% 20-50% 50- 95%

25-75% 75- 95% But ene- 2 1- 15% 10- 30% 0- 20% 15- 40% 0- 20%

| ®Ol20a7ém3359- 30% 0- 55% 0- 35% 0- 5% 0- 5% N- but anepErBEYH07/001206
0- 55% 0- 10% 0- 55% 0- 10% | so- but ane 0- 1% 0- 1% 0- 1% 0- 2%
0-2% 5 100351Cther refinery . gixed C4 streans, such as

t hose obtai ned by catal ytic cracking of naphthas and

other refinery feedstocks, typically have the follow ng
conposi t{abn: ceniaeijnigehenzefe andut £/ Rr alkylating Bgeht wirfer alkylation

10B | -.0-5 wt % But epe-1- 5-.20 % But ene- 2- 10-50
o onBRenl Bia B thelireteritt SE8 AllyBiiaT HBBACCRbgeine at Toast one
15Nnblgtiiare siebe 267 Me"MOOBE] @mity doopRdbaN ah! ak{1a8HS effluent

obt ai ned, from the conversi ogn of oxygenates, such as
metFResingsec-Pukbenzsneryhescipshecontasingmisicondnsied in pglurality of

§ 0l e sioR TR QRSN 01 alb ity 805 is QppM% each of said reaction
zones
(b)  recovering a sec-butylbenzene fraction from said alkylation
effluent, said fraction comprising at least 95 wt% sec-butylbenzene, less than 100
wt ppm of Cg+ olefins, and less than 0.5 wt% of isobutylbenzene and tert-
10 butylbenzene;
(c) oxidizing the sec-butylbenzene recovered in (b) to produce a
hydroperoxide; and
(d)  cleaving the hydroperoxide from (c) to produce phenol and methyl
ethyl ketone.
15 [0014] Preferably, the fraction recovered in (b) comprises at least 97 wt% sec-
butylbenzene, less than 50 wt ppm of Cz+ olefins, less than 0.1 wt% of
isobutylbenzene and tert-butylbenzene,
[0015] In one embodiment, said sec-butylbenzene fraction is recovered
directly from said alkylation effluent without prior chemical treatment of the
20  effluent.
[0016] In another embodiment, said alkylation effluent is subjected to
chemical treatment prior to recovery of said sec-butylbenzene fracﬁon.
Preferably, the chemical treatment comprises olefin oligomerization, selective
reduction, selective oxidation, esterification, and the addition of heteroatoms to
25 olefins, or a combination thereof.
{0017] Conveniently, the molecular sieve has 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. For example, the molecular sieve is selected from MCM-22, PSH-3,
S§SZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and
30 mixtures thereof. Preferably, the molecular sieve is selected from MCM-22,
MCM-49, MCM-56 and isotypes thereof, and even more preferably from MCM-
49, MCM-56 and isotypes thereof.



20Pr opane- 0-0.5 w % But adi ene- 0-1 wt % But ene-1- 10-40

wt % But ene-2- 50-85 wt % | sobut ene- 0-10 w % 25N +

i so- butane- 0-10 w % 10037] My one or any m xture of the
AX0§7/@3388ydr ocar bon m xtures can be used i n PEE/EP2007/001206
process of the invention. In addition to |inear butenes
and butanes, -9- these m xtug.es typically contain
conmponents, such as i Sobutene and but adi ene, which can

be del eterious to the process of the invention. For
exzi?ﬁillib tﬂreferabimhe eﬂikylkatatlog qgemdgmtlpmeswsdmmreheene for

ot StamPe P Rele anditn 2ulohy. iR G i Safl; facaP Bilcke i

' OXchﬂthinemuﬁdmixedmlsﬁ'eatﬂ&mdhras5 Raffifidie23trkamh.at i on st ep,
these m xtures preferably are subjected to_ butadi ene

red@l arfernvenisii ﬁé‘drf’é'ﬁﬂ%tal“ corﬂél.tw&dﬁe includepotsmperature of
a bV, 0 {

S onf ab BN (DU iR 86 C, Epusliy bE R0 Db [5G el weight

r eﬂnomégd sfiage ealpcifc(WHS V) based| anc€4 alkylhtyyy aggenef from about 0.1 to

but referably he al kylatin ent enp Io e

© O aad i oo, betielh, & ofitenf e HGH) sBlP 1t sbouf so,
nD'p%ferﬁBl‘Sr%f poff :ﬂbam 1 45066 0f Rk ReferabB! SHfrdns ebcmﬂhe@ Ebout 9.
and_less than 0.5 npl % nore preferably Iess than O

rm|l%205ut Jai @Weemqus'@!ae]u Feid denterwie {2 1boraduasd nmra&dwst
F Lﬁd gzggg@,{&ﬁ s, C4 hydrocarbon m xtures
glc ntaln ot er i mpurities which could be
deﬂ@OZrHB nt dh & cepanate @mibplmtentnsad atkytation Faffluant aprpdhwed in (a)
refin ar bon streans, t cont ai
o o L R A S S
st peBbBtylRhAnEs drnhyoeaxmeiﬁahe peesence rofl D Gaidalk§RAi%n catalyst to

typi cal | ont ai n unreacted enates and water. Thus,
pr PWU?#%C?%@WAPWF% 9PV§‘E"§Bt Tanspikylatipn catak(st compgises a

(e nﬁﬂ@ﬂues:tse% 1561008 RIm FR6IfRe PetaS Wordinite enrs\falmcm bF OB 3,
renoval and 0 ggenate renmoval , in addition to butadiene
ils

r e RSG5, dRB- Qtle i Q-2mdIQY-36RMEVEHO,0MOM- 56, M8, and
Ni tLOGRAhaegenate inmpurities is conveniently effected
by ‘one or a conbi nation of caustic treatnent, water

wa @22} g, Chinsenikithy, itber, oxitiziog ((t) @n cersiungdninl Eheupxasence of a

sieves and/or ne p J on al,so

©y EHERES Bl g e, s AR o oy Oy pgEetranuclear
208l kyshalcbiglea @oniprisiag thangaridbe, (Y &5 6x4 O‘@’diﬁﬁb?bh@gbdﬂéﬁﬁﬁﬁféar

contains Iess than 10 w q pr ef er abl Iess t han

wt Msihcomplex dgeing ammixed &gty ﬁaw, e{y) the cp e@?gaeﬂvalem

| egsordl NeRcdd onP P CRUIFE UEo 2R Mﬁs‘ﬁxdtxﬂﬁﬂlréspﬁ@ aﬁ ther

preferably [ess than 100 wt' ppm water. |00 39 ougﬂ

nomqmiéfeemednvalcntlmetal seieqb@bﬁlom &, tke, eMp,I ©9. Al mngd traixtures

aI k egtzfL I(%‘éé('h?‘ﬁ)(cﬂgxf g.ﬁ)nﬁt’uteﬁscggﬁ? gnnlgg glglé ?10\1/1% o mﬂ'n presence
25ag eﬁh free rhdl&alahikiyiioa,t arxdr(u@tl‘debe 'tthhydrlxlﬁfttclyﬂmr&mcid? aln one

the al ation 3 S, a mxture of cunene and

S 0 ErBTIeB HEdmanzaHE SR f AREERTES CEaN hon be

pr esesped ddnveredi fﬂiedﬁédh@iﬂ s bR AAG atté}nﬁarkﬁreaof about

m xture of WO 20071093358PCT/ EP2007/ 001206 -10-

ac 89&1@ Zhoyt RERC andonpressurenofnbenbf.5 tabgud rlﬁrﬂtlyometeé (50 to
W rati o of acetone to phenol is 0.5:1, to match

the enmand of bi sphenol - A producti on.

301000023 "o n\vEmiveriestly, thhe:leta@tngl () emdedndudtet 1al thy | presence of a
step of tﬂ&g‘P azsent nti on cont a| ns | ess than 100]3’a
ppftalydic 3ttt cpm ﬁ 2 RSO OF heleragpneous cplabst  fagne
10@mBAdImen@tRIcatal y3t BAdichiogBreotifathiQétaduch ashityRiaerl | Y
contains | ess than 100 ppm such as l'ess than 30 ppm
for exanple less than 3 pprn, sulfur and | ess than 10
ppm such as Iess than 1 ppm for exanple less than 0.1
ppm nitrogen. (0041] The al kyl ation catalyst used in
the present process is preferably a nol ecul ar sieve of

the MCM 22 famly as catalyst. The term"MCM 22 fam |y
10 material™ (or ' rraterlal of the l\/CM22 famly or

R ORNR AN N



sel f-bound formor, alternatively, the nolecul ar sieve

can be conbined in a 20 conventional manner with an

oxi de bi nder, such as alum na, such that the final

a8 93358 cat al yst contains betwetn 2' and 80P@I/EB2007/001206
si eve. [0045]In one enbodi ment, the catalyst is unbound
and has a crush strength nuchgsuperior to that of

catal ysts formul ated with binders. Such a catalyst is
conveniently prepared by a vapor phase crystallization

pr o082y, i ﬁ?omeﬁeimlyJ the cicaling(dpireopthacsel atra Eetrpetaturatof about

ent s caust al kal i netal hydroxi des
use@%ﬁ 32’ E%Q K:egl REeSSPIRY %"g“r F’ei‘hﬂ“ﬁ izﬁﬁo 130 a 1“)1““1
Z €0 dul ﬁdés\te%c?’t . HSW) Yasd G5 fhe O Mlg)tpct X suc Buto(f"f% ﬁbout

[ 0046] he al kyl ation process 1s c t hat
or g¥fike” r eact ants, i.e., the al kyl atable aromatic

SOTENI®, A8 AENB S AECRIF Ty off 2P B s o

r eafibrie@arbopamnsuch as, for exanple, in a flow reactor
containing a fixed bed of the catal yst conposition or

in a catalytic distillation reactor, under effective .

al kR A PESCHIPTION'SF THRIHE Wings 12 the al kylation
condrtions_incrude a tenperarare or from about 60C - to
abd827 60 Fighter 1 eorapapésshé ecvintylberizenet coh®OSioa od tla:tchtesses of

16 e BB B el g srbite e i v R AT i -

velhmqilbqnzéﬂé!-lsv) based on C4 al kyI ati ng agent of between
abjﬁ@lﬁg 1 about 50 hfl I?r exanpl e bet ween _about
bo lgw %FP‘“B‘H&S 5P APBENERe iy dpasIaKide selectivity of

al kyd ?ch@ﬁeﬁ%‘?rﬁxaﬁfplécsr@% Al 0owtth khdtOofah Q8pafdtivé Process using
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20 | 00541A further suitable chem cal treatnment to

reduce the oligoner level in the alkylation effluent

i nvol ves etherification, in which the effluent is
sanzoaremassw t h an al cohol, such as net hanol, ®CTa&P2007/001206
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such as an acidic 25 nontnorillonite silica-alum na

clay, as described in U S. Patent No. 4,870,217, the
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6.0 Feed Bz/C4= Molar ratio 4.3 4.3 4.3 4.3 4.3 Butene
ConverSion, % -72.4 - 83.7 90.9 94.9 97.1 Product
Selectivity, *t% i -Butane 0.058 0.051 0.046 0.041

GVQIO7/H3BWt ane 0.229 0.193 0.173 0.153 0. 143 E@ST{EP2007/001206

-0.169 0.139 0.132 0.124 0.135 Ca= 1.669 1.498 1.319
1.163 1.128 Cn 0.131 0.096 ®-.076 0.086 0.079 012= +
010-Cti Aromatics- 0.112 0.105 0.122 0.113 0.131

10

15

20

25

30

these mixtures typically contain componeénts,” such as isobutene and butadiene,
which can be deleterious to the process of the invention. For example, the normal
alkylation product of isobutene with benzene is tert-butylbénzene which, as
previously stated, acts as an inhibitor to the subsequent oxidation step. Thus, prior
to the alkylation step, these mixtures preferably are subjected to butadiene
removal and isobutene removal. For example, isobutene can be removed by
selective dimerization or reaction with methanol to produce MTBE, whereas
butadiene can be removed by extraction or selective hydrogenation to butene-1.
Preferably, the alkylating agent employed in the process of the invention contains
less than 5 mol%, more preferably less than 0.5 mol%, iso-butene and less than
0.5 mol%, more preferably less than 0.1 mol%, butadiene.

[0038] In addition to other hydrocarbon components, commercial C,4
hydrocarbon mixtures typically contain other impurities which could be
detrimental to the alkylation process. - For example, refinery C; hydrocarbon
streams typically contain hitrogcn and sulfur impurities, whereas C4 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 impurities i1s conveniently effected by one or a
combination of caustic treatment, water washirg, distillation, adsorption using
molecular sieves and/or membrane separation. Water is also typically removed by
adsorption. Typically the C4 alkylating agent used in the present alkylation
process contains less than 10 wt ppm, preferably less than 0.1 wt ppm, nitrogen,
less than 100 wt ppm, preferably less than 3 wt ppm, sulfur and less than 1000 wt
ppm, preferably less than 100 wt ppm, water.

[0039] Although not preferred, it is also possible to employ a mixture of a C4
alkylating agent, as described above, and C; alkylating agent, such as propylene,
as the alkylating agent in the alkylation step of the invention so that the alkylation
step produces a mixture of cumene and sec-butylbenzene. The resultant mixture

can then be processed through oxidation and cleavage, to make a mixture of

I
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013-15 0.063 0.066 0.065 0.093 0.082 Cunene 0.016 0.015
0.015 0.018 0.018 t-Butyl benzene ' 0.034 0.035 0.038
0.042 0.046 i-Butyl benzene * _ 0.000 0.000 0.000 0.000
OYQR®7491B5/ y| benzene 90. 113 90. 703 91. 050 91. PEI/EPR00Z/PGA206
n- But yl benzene 0.011 0. 015 0.013 0. 015 0.014

Di - butyl benzene 7.012 6.591 61159 6. 636 6.526

Tri-butyl benzene 0.355 0.299 0.353 0.381 0.349 Heavi es

0.028 0.194 0.138 0.045 0.031 Sum
acetone and MEK, along with phenol, preferably where the melar ratio-of acetone

to phenol is 0.5:1, to match the demand of bisphenol-A production..
[0040] Conveniently, the total feed to the alkylation step of the present
invention contains less than 1000 ppm, such as less than 500 ppm, for example
5 less than 100 ppm, water. In addition, the total feed typically contains less than
100 ppm, such as less than 30 ppm, for example less than 3 ppm, sulfur and less
than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm, nitrogen.
{0041] The alkylation catalyst used in the present process is preferably a
molecular sieve of the MCM-22 family as catalyst.  The term “MCM-22 family
10 matenal” (or “material of the MCM-22 family” or “molecular sieve of the MCM-
( 22 family™), as used herein, includes one or more of: |
* molecular sieves made from a common first degree crystalline building
block unit cell, which unit cell has the MWW framework topology. (A unit
cell is a spatial arrangement of atoms which if tiled in three-dimensional
15 space describes the crystal structure. Such crystal structures are discussed
in the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the entire
content of which is incorporated as reference);
“ e molecular sieves made from a common second degree building block,
being a 2-dimensional tiling of such MWW framework topology unit cells,
20 forming a monolayer of ‘one unit cell thickness, preferably one c-unit cell
thickness; '
¢ molecular sieves made from common second degree building blocks,
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
25 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
irregular fashion, a random fashion, or any combination thereof; and
. molcculér sieves made by any regular or random 2-dimensional or 3-
dimensional combination of unit cells having the MWW framework
30 topology.
[0042] The molecular sieve of the MCM-22 family used in the present process

is for example a crystalline molecular sieve having an X-ray diffraction pattem
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100.0 100.0 100.0 100.0 100.0 s-Butvl benzene (BM Purity

% t-BB/all BB, % 0.038 0.038 0.042 0.046 0.050
1-BB/all BB, % 0.000 0.000 0.000 0.000 0.000 s-BB/all

BED 204703850 99. 945 99. 944 99. 937 99. 935 n- BB/raiT/EPB®d7/061206
0.012 0.016 0.015 0.017 0.015 Sum % 100.0 100.0 100.0
100.0 100.0 Di-BB/s-BB W Ratjjo, %7.8 7.3 7.1 7.3 7.1

Al'l sanples collected at 160C, 600-700 psig with 150 g

of benzene and 25 g of 1-butene. 5* i-Butyl benzene | ess
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coripadint ratation Bdos didhadteraetan equiprd eiths alscigt atian grunier and
X LUIER L Bl ol 6 RofidthbRdfiierh 0T ™ Data are repor ted
{0043} 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
10 International Patent Publication No. W(097/172%0), MCM-36 (descnbed 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 thercof. Molecular sieves of the MCM-22 family are
preferred as the alkylation catalyst since they- have been found to be highly
15 selective to the production of sec-butylbenzene, as compared with the other
.butylbenzene isomers. Preferably, the molecular sieve is selected from (a) MCM-
49, (b) MCM-56 and (c) isotypes of MCM-49 and MCM-56, such as ITQ-2.
[0044]  The alkylation catalyst can mclude the molecular sieve in unbound or
self-bound form or, alternatively, the molecular sieve can be combined in a
20 conventional manner with an oxide binder, such as alumina, such that the final
alkylation catalyst contains betweén 2 and 80 wt% sieve.
[0045] In one embodiment, the catalyst is unbound and has a crush strength
much superior to that of catalysts formulated with binders. Such a catalyst is
conveniently prepared by a vapor phase crystallization process, in particular a
25 vapor phase crystallization process that prevents caustic (alkali metal hydroxides)
used in the synthesis mixture from remaining in the zeolite crystals as vapor phase
crystallization occurs.
[0046] The alkylation process is conducted such that theiorganic reactants,
i.e., the alkylatable aromatic compound and the alkylating agent, are brought into
30 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

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



Table 11/44-CM 4 with Single-Step Addition of 1-Butene

in a Batch Reactor Hours on Stream Feed Bzi o4= Wi ght
ratio Feed Bz/04= Molar ratio 1.0 6.0 4.3 2.0 6.0 4.3

3w 2007M9esBs8 4.0 6.0 4.3 5.0 6.0 4.3 Butene ConmEr/Br206m/001206
% Product Selectivity. wt% 70.8 82.2 89.0 93.2 95.3

| -Butane - 0.058 0.045 0.041 _¢ 039 0.041 n-Butane 0. 203
0.154 0.139 0.133 0.138 C5:-Cr 0.187 0.146 0.130 0. 115
0.128 C8= 1.484 1 302 1.201 1.078 1.068 Grn 0.117

0. 1the alkyPsenOcdndRiotls Gdudel 2 Fermpésatutd bf AopRbLHRS60°C-10 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 C4 alkylating agent of between about 0.1 and
5 about 50 hr'', for example between about 1 and about 10 hr’ and a molar ratio of
benzene to alkylating agent of from about 1 to about 50, for example from about 2
to about 10, preferably from about 4 to about 9. 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 dividing the

10 alkylating agent into a plurality of equal or different aliquet portions, each of
which 1s fed to a different reaction zone. Most or all of the benzene is typically
fed to the first reaction zone. - Preferably, there are 4 or more reaction zones.
Means of controlling reactor temperature include the staged injection of relatively
cool alkylating agent, and the use of interstage heat exchangers.

15 {0047] The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, ie., free from intentional
admixture or dilution with other material, or they can be brought into contact with
the zeolite catalyst composition with the aid of carrier gases or diluents such as,
for example, hydrogen or nitrogen. Preferably, the reactants are at least partially

20 in the liquid phase
[0048) Using the catalyst and alkylation conditions described above, it is
found that the alkylation step of the process of the invention is highly selective to
sec-butylbenzene. In particular, it is found that the alkylation effluent generally
comprises at least 93 wt%, preferably at least 95 wt%, sec-butylbenzene, less than

25 0.5 wt%, preferably less than 0.05 wt%, of isobutylbenzene, less than 0.1 wt%,
preferably less than 0.05 wt%, of tert-butylbenzene and less than 150 wt ppm,
such as less than 100 wt ppm, for example less than 50 wt ppm, preferably less
than 30 wt ppm, of butene oligomers.

[0049)  Although the alkylation step is highly selective towards sec-

30 butylbenzene, the effluent from the alkylation reaction will normally contain some
polyalkylated products, as well as unreacted aromatic feed and the desired

monoalkylated species. The unreacted aromatic feed is normally recovered by
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0. 115 0.112 0.100 0.103 0.114 C13-15 0.082 0.070 0.065
0.077 0.090 Cunene 0.011 0.012 0.014 0.015 0.017
t- Butyl benzene 0.036 0.036 0.038 0.041 0.043

IW@2007/09385% ene

s- Butyl benzene 90. 296 90.872 91. 464 91. 368 91. 391
n- But yl benzene 0.012 .0.015 01014 0.013 0.013
Di - butyl benzene 6.999 6.723 6.360 6.564 6.486

Tri - butyl benzene 0.368 0.354 0.314 0.340 0. 356 Heavies
0. Giestillation and recycled to the alkylation-reactor. - The bottoms from the benzene
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distillation are. further distilled to separate monoalkylated product from any
polyalkylated products and other heavies. Depending on the amount of
polyalkylated products present in.the. alkylation reaction effluent, it may be
desirable to transalkylate the polyalkylated products with additional benzene to
maximize the production of the desired monoalkylated species.

[0050] Transalkylation with.additional benzene is typically effected in a
transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as a molecular sieve of the MCM-22 family, zeolite
beta, MCM-68 (see U.S. Patent No. 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), 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. W(097/17290), 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. 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 tir" "8ii tofal feed, and a benzene/polyalkylated benzene
weight ratio of 1 to 10. -~

Post Treatment of Sec-Butylbenzene

[0051] Sec-butylbenzene produced in the alkylation/transalkylation step is
recovered, normally by distillation, and the resultant sec-butylbenzene fraction
can be fed as-is to the subsequent oxidation step or can undergo post-treatment to
reduce impurity levels before being fed to the oxidation step. The post-treatment
can include further distillation although, as indicated above, iso-butylbenzene and
tert-butylbenzene as well as certain 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. It may therefore be desirable to subject the
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0.047 0,026 0.026 0.028 Sum 100.0 100.0 100.0 100.0

100. 0 s-Butvl benzene (BB) Purity. % t-BB/all BB, %
0.040 0.040 0.041 0.045 0.047 i-BBvall BB, % 0.000
OwOQ0h7d9£289 0. 000 0. 000 s-BB/all 66, % 99. 947 ¥M9Er2d07/001206
99.943 99.941 99.938 n-BB/all BB, %0.013 0.016 0.015
0.014 0.015 Sum % 100.0 100..94.100.0 100.0 100.0
Di-BB/s-BB W Ratio, %7.8 7.4 7.0 7.2 7.1

Al'l sanples collected at 160C, 600-700 psig with 150 g

of deebntyttenzend f%tlgx,cﬁﬁthér with-eneithdutiinifial Jiktikatiente d etemical

L: en _a?rg%?f lplbqncggsg%oall'edl?&t |¥1e l?c:vma eutgn%tolgte);n?slgst. a'PyplcaWy, tl?le treated
fraction fed to the oxidation unit should contain less than 100 wt ppm, preferably
less than 50 wt ppm, more preferably less than 25 wt ppm, and most preferably

5 less than 15 wt ppm, of Cg+ olefins, less than 0.5 wt%, preferably less than 0.1
wt%, of isobutylbenzene and tert-butylbenzenc and at-least 95 wt%, preferably at
least 97 wt%, sec-butylbenzene. L
[0052]) One suitable chemical treatment to. reduce the oligomer level in the
alkylation effluent involves contacting the effluent with an acid, such as a mineral

10 acid or a solid acid, at a temperature of about 0 to about 300°C to convert the
oligomers to alcohols or esters (e.g. ester-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. ) A
[0053]) Another suitable chemical treatment to reduce the oligomer level in the

15 alkylation effluent involves contacting the effluent with hydrogen in the presence
of a catalyst, such as a noble metal, 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 to hydrocarbon mole
ratio of about 0.001 to about 10,

20 [0054) 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 temperature of about 20 to about 300°C
and in the presence of a catalyst, such as an ion exchange resin.

{0055] A combination of the above treatment processes, such as combination

25 of acid treatment and hydrogenation, can be used to reduce the level of butene

oligomers in the alkylation effluent to the desired level.

Sec-Butyl Benzene Oxidation

[0056] In order to convert the sec-butylbenzene into phenol and methyl ethyl
30 ketone, the sec-butylbenzene is initially 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,
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30 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.



But ene Conversion, %94.7 95.5 95 9 95.8 96.6
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Preferably, the catalyst is N-hydroxyphthalimide. . Another suitable catalyst is
N,N',N"-thihydroxyisocyanuric acid. -

10059] These materials can be used either alone or in the presence of a free
radical initiator and can be used as liquid-phase, homogeneous catalysts or can be
supported on a solid carrier to provide a heterogeneous catalyst. Typically, the N-
hydroxy substituted cyclic imide or the. N,N',N"-trthydroxyisocyanuric acid is
employed in an amount between 0.0001 mol % to 15 wt %, preferably in an
amount between 0.001 to 5 wt %, more preferably in an amount of no more than 2
wt % and even more preferably, in an amount of no more than 0.5wt %, of the
sec-butylbenzene.

[0060] 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 (j.S to about 16 atmospheres (50 to 1000 kPa).
Any oxygen-containing gas, preferably .air, can be used as the oxidizing medium.
The reaction can take place in batch reactors or continuous flow reactors. A basic
buffering agent may be added to react with acidic by-products that may form
ciuﬁng the oxidation. In addition, an aqueous phase may be introduced, which can
hdp dissolve basic compounds, such as sodium carbonate. The per-pass
éénversion in the oxidation step is preferably kept below 50%, preferably in the
rﬁhge of about 10 to 30%, to minimize the formation of byproducts.

[0061] A preferred reaction configuration is to use three to six reactor vessels,
with the liquid cascading. from one vessel to the next and with air introduced near
the bottom of each vessel. Heat exchangers may be used to remove the heat of
reaction. Preferably, the air leaving the reactor vessels is directed to one or more
solid sorbent beds, which capture organics stripped out of the reaction vessels.
These organics can be stripped from the sorbent beds and returned to the process.
The sec-butylbenzene hydroperoxide produced may be concentrated, typicr«:tlly toa
punity of 50 to 85 wt%, preferably using one or more evaporators or columns
operating at subatmospheric pressure to remove unreacted sec-butylbenzene and

other light components overhead.
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0. 039 0.037 Cunene 0.157 0.064 0.023 0.016 0.012
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[0062]  The final reactive step in the conversion of the sec-butylbenzene into
phenol and methyl ethyl ketone involves cleavage of the sec-butylbenzene
hydroperoxide, whichi is ¢oniveniently effected by contacting the hydroperoxide
with a catalyst in the liquid phase at 2 temperature of about 20°C to about 150°C,
such as about 40°C to about 120°C, a pressure of about 50 to about 2500 kPa,
such as about 100 to about 1000 kPa and a liquid hourly space velocity (LHSV)
based on the h.ywdropcroxidé 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-butylbehzene, to assist in heat removal. The cleavage reaction is
conveniently conducted in a catalytic distillation unit.

[0063] The catalyst employed in the cleavage step can be a homogeneous
catalystic_)i' a heterogeneous catalyst.

[0064] Suitable homogeneous cleavage catalysts include sulfuric acid,
perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.
Ferric ch]t.)ride,‘ boron trifluoride, sulfur dioxide and sulfur trioxide are also
effective homogeneous cleavage catalysts. The preferred homogeneous cleavage
catalyst is- suifuric acid, with preferred concentrations in the range of 0.05 to 0.5
wt%. For a homogeneous acid catalyst, a neutralization step preferably follows
the cleavage step. Such a neutralization step typically involves contact with a
basic component, with subsequent decanting of a salt-enriched aqueous phase.
[0065] A suitable heterogeneous catalyst for use in the cleavage of sec-
butylbenzene hydroperoxide includes a smectite clay, such as an acidic
montmorillonite silica-alumina clay, as described in UJ.S. Patent No. 4,870,217,
the entire disclosure of which is incorporated herein by reference.

[0066] The crude MEK and crude phenol from the cleavage step may be
subjected to further purification to produce purified MEK and phenol. A suitable
puriﬁcaition process includes, but is not limited to, a series of distillation towers to
separate MEK and phenol from other species. In a preferred arrangement, a crude

MEK stream is taken overhead, and then subjected to further distillation to
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0.008 0.026 0.014 0.022 Sum 100.0 100.0 100.0 100.0

100. 0 s-Butvl benzene (BB) Purity. % t-BB/all BB,

"Yo 0.068 0.066 0.064 0.063 0.061 i-B13*/all BB, %

OVBE MBS 0. 000 0. 000 0.000 s-BB/al|l BB, 9% JRETHERR007/001206
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[0067)  Phenol is also separated from heavier and lighter species. Preferably,
heavy ends are cracked.in.a column with its bottom operated at a temperature in
the range of about 270-370°C. -A- portion of a fraction rich in sec-butylbenzene,
which is recovered during this: punification process, may be discarded as a purge
stream, to reduce the buildup of components such as tert-butylbenzene which boil
close to sec-butylbenzene:but which- convert less readily in the oxidation step.
The purified phenol is suitable for-a variety of uses, including the production of
caprolactam, of phenolic resins, and the manufacture of bisphenol-A, which can
be used to make polycarbonates. -

{0068} The following Examples are given for illustrative purposes and do not

limit the scope of the invention.

Example 1 (Comparative) -
Sec-butylbenzene synthesis W|th MCM-22 and single-step addition of 1-
butene

[0069] A sample of fresh MCM-22 catalyst with a nominal composition-of
80% zeolite and 20% Versal 300 alumina, extruded to 1/16 inch (1.6 mm)
diameter cylinder form, was dried at 260°C for a minimum of 2 hours before
testing. 0.5 grams of catalyst (containing 0.4 grams of zeolite) was loaded
between two 0.25-inch layers of inert, 8-grit quartz particles that had previously
been dried at 121°C until loaded into the stationary sample basket. 150 grams of
reagent grade benzene was added to a 600-ml batch autoclave reactor. ‘The
sample basket assembly was installed in the autoclave reactor and sealed. The
batch reactor was evacuated and purged twice with N, to ensure the elimination of
air from the head space. The batch reactor was then pressured to about 200 psig
(1480 kPa) with N; to ensure proper sealing and absence of leaks. Pressure was
reduced to about 50 psig (446 kPa) and about 100 psig (791 kPa) of N; was used
to quantitatively deliver 25 grams of reagent grade 1-butene from a transfer vessel
into the batch reactor. The benzene to 1-butene ratio was 6:1 by weight and 4.3:1

by mole.
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15QodHef - 151&&59 comentBuet Rinddi 1000 gpnd with al berfibal Ropdsitivded
Bz/ CA= \Wight -Ratio.30.0 15.0 10.0 7.5 6.0 Feed Bz/ C4=
|napelt@t1ﬁ>fatezllln5h1@er¢er7czf the tationary sampieRasketg SThe rgactar was

6‘3%’@% 14689 g %g‘g({“?gﬁ%mﬁgg &Hg Vﬁrbgrmrffﬁa%é)au@&]ra& Bdfioller to

ut ane
maintain constant ramp rate and temperature. After reaching temperature, the

5 reactor pressure was increased to between 600 and 700 psig (4750-5540 kPa) by
adding more N; to the system. Reaction time-zero was recorded from the point at
which temperature and pressure targets (160°C, 600-700 psig) are attained and
stable. The reaction period for this evaluation was 5 hours. Samples (I cc each)
were taken at 1-hour increments for GC analysis. At the end of the reaction

10 period, the run was discontinued, the reactor cooled to ambient conditions and the
total liquid product recovered for GC analysis.

[0071] Product analysis by GC was based on the assumption that composition

of light components in the vapor phase was identical to those dissolved in tiquid

phase. The analysis was performed using an HP 6890 GC equipped with a DB-1

15 column {60M, 0.25mm ID, 1 micro liter film thickness) and an FID detector. A

0.2 micro liter portion of the product was injected onto the column and the

following temperature program was used to perform the analysis: injection with

2-minute hold at -20°C, ramp at 8°C/min to 275°C, hold at 275°C for 35 minutes.

Respouse factors were used to convert GC area-based data to actual composition

20 in the product. Butene conversion was determined by measuring unreacted butene

" relative to feed butene. Data obtained from the evaluation of Example 1 catalyst

are repo'rted in Table 1.
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n- But ane 0.150 0.166 0.144 0.147 0.131 C5-C7 0. 485
0.258 0.164 0.120 0.105 Cs= 0.650 0.446 0.326 0. 318

0273 e€9-ii 0.045 0.046 0.042 0.030 0.034 Cl2= + C

VR PI3E% 0. 043 0.046 0.042 0.036 0.036 C13- ﬁ%ﬂ??%ﬂﬁ?"”m
0.028 0.027 0.034 0.037 Cunmene 0.024 0.018 0.012 0.008

0. 008 t-Butyl benzene 0.068 0.-2&2 0.063 0.061 0. 058

i - Butyl benzene 0.000 0.000 0.000 0.000 0.000

Table 1... MCM-22 with-Single-Step Addition of 1-Butene in a Batch Reactor

HoursonStream 7 10 20 30 4.0 5.0
Feed Bz/C4=Weightratie = - = - 6.0 6.0 6.0 6.0 6.0
Feed Bz/C4= Molar ratio 4.3 4.3 43 4.3 4.3
Butene Conversion, %~~~ ~ 724 " 83.7 90.9 849 97
Product Selectivity wi%-- - - RS )
i-Butane 0.058 0.051 0.048 0.041 0.039
n-Butane ' 0.229 0.193 0.173 0.153 0.143
Cs-C7 oL - .70 0.169 0.139 0.132 0.124 0.135
Ce= L .. 1.669 1.498 1.319 1.163 1.128
Ce11 0131 0.096 0.076 0.086 0.079
Ciz=+ C10-Ct1 Aromatics- - - 0.112 0.105 0.122 0.113 0.131
Cizs ) 0.063 0.066 0.065 0.093 0.082
Cumene 0.016 0.015 0.015 0.018 0.018
t-Butylbenzene =~ - - 0.034 0.035 0.038 0.042 0.046
i-Butylbenzena * - 0.000 0.000 0.600 0.000 0.000
s-Butylbenzene 90.113 90.703 91.050 61.089 91.279
n-Butylbenzene ' 0.01 0.015 0.013 0015 0.014
Di-butylbenzene. - .- 7.012 6.591 6.459 6.636 6.526
Tri-butylbenzene 0.355 0.299 0.353 0.381 . 0.349
Heavies 0.028 0.194 0.138 0.045 0.031
Sum 100.0 - 100.0 100.0 100.0 100.0
s-Butylbenzene (BB} Purity, %
" t-BB/all BB, % 0.038 0.038 0.042 0.046 " 0.050
3 -BB*allBB, % - - 0.000 0.000 0.000 0.000 - 0.000
. s-BB/allBB, % - 99,950 99.945 99.944 99.937 99.935
" n-BBfall BB, % 0.012 0.016 0.015 0.017 0.015
Sum, % o 100.0 100.0 100.0 100.0 100.0

Di-BB/s-BB Wt Ratio; % - "~ 7.8 73 7.1 7.3 7.1

All séh'l.piés collected at 160°C, 600-700 psig with 150 g of benzene and 25 g of 1-butene.
5 * i-Butylbenzene less than 0.5% in tota] butylbenzene not detectable with GC used.

Example 2 (Comparative)
Sec-Butylbenzene synthesis using MCM-49 with single-step addition of 1-
Butene

10 {0072] The process of Example 1 was repeated but using a fresh MCM-49
catalyst with a nominal composition of 80% zeolite and 20% Versal 300 alumina,

extruded to 1/16 inch cylinder form. Data are reported in Table 2.



s- Butyl benzene 96. 331 95. 693 95. 206 94. 362 93. 513
n- But yl benzene 0.011 0.018 0.010 0.011 0.009
Di - butyl benzene 1.991 3.007 3.775 4.663 5.547
Wo 2domro9basenzene 0.115 0. 148 0.124 0. 151 0. 184 (Hiereo03401206
0.019 0.018 0.022 0.017 0.026 Sum 100.0 100.0 100.0
100. 0 100.0 s-Butvl benzene (Bg). Purity. % 0.071 0. 065
0.066 0.064 0.062 t-BB/all BB. % i-BBlall BB, %
0.000 0.000 0.000 0.000 0.000 . s-BB/all BB, %

 Table2. 'MCM-49 with Single-Step Addition of 1-Butene in a Batch Reactor
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Hours on Stream 1.0 2.0 3.0 4.0 5.0

. Feed Bz/C4= Weight ratio 6.0 6.0 6.0 8.0 6.0
Feed Bz/C4= Molar ratio 4.3 4.3 4.3 43 43
Butene Conversion, % 708 g82.2 B9.0 93.2 95.3
Product Selectivity, wt%

" i-Butane 0.058 0.045 0.041 0.039 0.041
n-Butane 0.203 0.154 0.139 0.133 0.138
Cs-Cr 0.187 0.146 0.130 0.115 0.128
Ce= 1.484 1.302 1.201 1.078 1.068
Conn 0.117 0.112 0.094 0.089 0.086
Ciz= + C10-Cy1 Aromatics 0.115 0.112 0.100 0.103 0.114
Cramis 0.082 0.070 0.065 0.077 0.090
Cumene 0.011 0.012 0.014 0.015 0.07
t-Butylbenzene 0.036 0.036 0.038 0.041 0.042
i-Butylbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 90.296 90.872 91.464 91.368 91.391
n-Butyibenzene 0.012 " 0.015 0.014 0.013 0.013
Di-butylbenzene 6.999 6.723 6.360 6.564 6.486
.fri-butylbenzene 0.368 0.354 0.314 0.340 0.356
Heavies 0.032 0.047 0.026 0.026 0.028
Sum 100.0 100.0 100.0 100.0 100.0

s-Butylbenzene (BB) Purity, % .
t-BB/all BB, % 0.040 0.040 0.041 0.045 0.047
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.947 99.944 99,943 99.941 99.938
n-BB/all BB, % 0.013 0.016 0.015 0.014 0.015
Sum, % 100.0 100.0 100.0 100.0 100.0
Di-BB/s-BB Wt Ratio, % 7.8 7.4 7.0 7.2 74

All samples collected at 160°C, 600-700 psig with 150 g of benzene and 25 g of 1-butene.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 3
Sec-butylbenzene synthesis with MCM-22 and multi-staged addition of equal
amounts of 1-butene

[0073] A further 0.5 gram sample of the dried MCM-22 catalyst used in
Example 1 was loaded between two 0.25-inch layers of inert, 8-grit quartz
particles that were previously dried at 121°C until loaded into the stationary
sample basket. 150 grams of reagent grade benzene was added to a 600 ml batch
autoclave reactor. The sample basket assembly was installed on the body of the

autoclave reactor and sealed. The batch reactor was evacuated and purged twice

R EET
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20 25 Feed Bz/C4= Weight Ratio 30.0 15.0
heated to 160°C in about 20 minutes using a programmable autoclave controller to
maintain cbnstant ramp rate and temperature. After reaching temperature, the
10 reactor pressure was increased to 600 and 700 psig (4750-5540 kP’a) by adding
more N; to the system. Reaction time zero was recorded from the point at which
temperature and pressure targets (160°C, 600-700 psig) are attained and stable. At
the end of 1-hour, a 1-cc sample was taken from the reactor. Another‘ 5 grams of
réagcnt grade 1-butene was quantitatively delivered from a transfer vessel into the
15 batch reac?tor. rThis step-wise sampling and 5 gram 1-butene addition procedure
was followed until a total of 5 increments (ihcluding the initial 5 gram charge) of
l:butene were added to the reactor. The final benzene to 1-butene ratio was 6:1
by weight and 4.3:1 by mole. The total reaction period for this evaluation was 5
hours. At the‘end of the reaction period, the run was discontinued, the reactor
20 cooled io ar‘nbient conditions and the total liquid product recovered GC analysis.
: Incrcmrernt’g-rl s‘;amples were also evaluated.
[0075] o .Pfoduct analysis by GC and data analysis were identical to those
described in Example 1. Data obtained from the evaluation of Example 3 catalyst
are reported in Table 3.
25
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10.0 7.5 6.0 Feed Bz/C4= Molar Ratio 21.5 10.7 7.2 5.4
4.3 Butene Conversion, %92.4 93.1 93.7 93.2 93.1

Product Selectivity. w% i -Butane 0.051 0.044
WEIB7/0238586 0. 037 n-But ane 0. 197 0. 157 0. 136 ®CTAP2007/001206
0.134 Cs-C, 0.439 0.254 0.162 0.101 0.081 Cb6= 0.751

0.325 0 261 0.251 0.247 Crii_.195 0.069 0.054 0.050
0.053 Cz= + C10-Cl11 Aromatics 0.030 0.034 0.031

Table 3.© MCM-22 with Multi-Staged Addition of 1-Butene in a Batch Reactor

Hours on Stream 1.0 20 30 4.0 5.0
Benzene Weight, g 150 150 150 150 150
Butene Weight, g 5 10 15 20 25
Feed Bz/C4= Weight Ratio 30.0 15.0 10.0 7.5 6.0
Feed Bz/C4= Molar Ratio 215 10.7 7.2 54 43
Butene Conversion, % 94.7 95.5 95.9 95.8 96.6
Product Selectivity, wi%
i-Butane 0.048 0.040 0.046 0.040 0.036
n-Butane 0.167 0.132 0.158 0.136 0.124
Cs-Cy 0.442 0.233 0.204 0.141 0.109
Ce= 0721 0.397 0.322 0.290 0.287
Con1 0.035 0.015 0.025 0.037 0.028
Ci2= + C10-Cy1 Aromatics 0.069 0.038 0.033 0.035 0.042
Cizis 0.024 0.015 0.022 0.03¢ 0.037
Cumene 0.157 0.064 0.023 0.016 0.012
t-Butylbenzene 0.064 0.063 0.061 0.059 0.057
i-Butylbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 95.317 95.699 94.853 94.101 93.268
n-Butylbenzene 0.011 0.012 0.012 0.009 0.010
Di-butylbenzene 2729 3.162 4083 4912 5771
Tri-butylbenzene 0.183 0.129 0.131 0.172 0.197
Heavies 0.033 0.008 0.026 0.014  0.022
Sum 100.0 100.0 100.0 100.0 100.0
s-Butythenzene (BB) Purity, %
t-BB/all BB, % 0.068 0.066 0.064 0.063 0.061
i-BB*/all BB, % 0.000 0.000 0.000 0.000 . 0.000
5-BB/all BB, % 99.921 99.921 99.923 99.928 - 99.929
n-BB/all BB, % 0.012 0.013 0.013 0.009 0.010
Sum, % 100.0 100.0 100.0 100.0 100.0
Di-BB/s-BB Wt Ratio, % 2.9 33 43 52 6.2

All samples collected at 160°C, 600-700 psig.
5 * i-Butylbenzene less than 0.3% in total butylbenzene not detectable with GC used.

Example 4
Sec-butylbenzene synthesis with MCM-49 and multi-staged addition of equal
amounts of 1-butene '

10 [0076] The evaluation protocol of Example 3 was repeated but using the
MCM-49 catalyst of Example 2. The results are summarized in Table 4.



0.036 0.036 C13-15 0.022 0.028 0.024 0.030 0.035 Cunene
0.027 0.019 0.012 0.010 0.010 t-Butyl benzene 0. 064

0 0. 057 0. 055 i-Butyl benzene . 0.000
o‘?"ggémg’?%g% 0.000 s-Butyl benzene 95.479 95. 827"‘8‘%’9’%8%7"""2"6
94. 937 94.432 n-Butyl benzene 0. 016 0.015 0.013 0. 012

0.012 Di-butyl benzena 2.294 22914 3.621 4.159 4.681
Tri-butyl benzene 0.138 0.121 0.1313 0. 154 0. 163 Heavi es

0. 29%a193”%319{dh91%%v:91 lgl%lﬁi-Staged Addition of 1-Butene in a Batch Reactor

Hours on Stream 10 2.0 3.0 4.0 5.0
Benzene Weight, g 150 150 150 150 150
Butene Weight, g ) 5 10 15 20 25
Feed Bz/C4= Weight Ratio 30.0 15.0 10.0 7.5 6.0
Feed Bz/C4= Molar Ratio 215 10.7 7.2 5.4 4.3
C4= Conv % 92.9 94.4 94.9 951 96.8
Product Selectivity, wi% '
i-Butane * - 0.041 0.046 0.043 0.045 0.038
n-Butane . 0.150 0.166 0.144 0.147 0.131
Cs-Cr ' 0.485 0.258 0.164 0.120 0.105
Co= 0650  0.446 0326 0.318 0.273
Cen 0.045 0.046 0.042 0.030 0.034
Ciz= + C10-Cqy Aromatics 0.043 0.046 0.042 0.036 0.036
Cra-1s 0.028 0.028 0.027 0.034 0.037
Cumene 0.024 0.018 0.012 0.008 0.008
1-Butylbenzene 0.068 0.062 0.063 0.061 0.058
i-Butylbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 96.331 95.693 95.206 94 .362 93.513
n-Butylbenzene 0.011 0.018 0.010 0.011 0.009
Di-butylbenzene 1.991 3.007 3775 4.663 5.547
Tri-butylbenzene 0.115 0.148 0.124 0.151 0.184
Heavies 0.019 0.018 0.022 0.017 0.026
Sum 100.0 100.0 100.0 100.0 100.0
s-Butvibenzene (BB} Purity. %
t-BB/all BB, % 0.071 0.065 0.066 0.064 0.062
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
. s-BB/all BB, % 99.918 99.917 $9.923 99.925 99,928
n-BB/all BB, % 0.011 0.019 0.011 0.011 0.010
- Sum, % 100.00 100.00 100.00 100.00 100.00
Di-BB/s-BB Wt Ratio, % 21 31 4.0 49 59

- All samples collected at 160°C, 600-700 psig.
5 * i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example §
Sec-butylbenzene synthesis with jet-milled MCM-49 and multi-staged
addition of equal amounts of 1-butene

10 [0077] A sample of fresh MCM-49 was jet milled and then extruded with
Versal 200 alumina into a 1/20 inch (1.3 mm) quadrulobe catalyst with a nominal
composition of 60% zeolite and 40% alumina. 0.667 g of catalyst (containing 0.4
grams of zeolite) was loaded into the batch reactor and the evaluation protocol of

Example 3 was repeated. Data are reported in Table 5.
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Cs-Cr 0.439 0.254 0.162 0.101 0.081

Ce= 0.751 0.325 0.261 0.251 0.247

Co114 0.195 0.069 0.054 0.050 0.053

Ciz= + C10-Cy1 Aromatics 0.030 0.034 0.031 0.036 0.036

Ciais 0.022 0.028 0.024 0.030  0.035
Cumene 0.027 0.019 0.012 0.010 0.010
t-Butylbenzene 0.064 0.062 0.059 0.057  0.055
i-Butytbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 95.479 95.827 95.428 94 937 94.432
n-Butylbenzene 0.016 0.015 0.013 0.012 0.012
Di-butylbenzené 2.294 2914 3.621 4.159 . 4.681
Tri-butylbenzene 0.138 0.121 0.138 0.154 0.163
Heavies 0.297 0.130 0.024 0.017 0.024

Sum 100.0 100.0 100.0 100.0 100.0

s-Butylbenzene (BB) Purity, %

t-BB/all BB, % 0.067 0.064 0.061 0.060 0.058
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
5-BB/all BB, % 99916 99.920 99.925 99.927 99.929
n-BB/ali BB, % 0.016 0.015 0.014 0.013 0.013

Sum, % 100.0 100.0 100.0 100.0 100.0

Di-BB/s-BB Wt Ratio, % 24 3.0 38 447 50
5 All samples collected at 160°C, 600-700 psig.

* i-Butyibenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 6: Comparison of Batch Reactor Results

{0078] Table 6 compares batch reactor data of Examples t to 5 collected at 5
10 hours reaction time. When operated with a single-step addition of 1-butene,
MCM-22 and MCM-49 catalysts produced sec-butylbenzene with 91% selectivity.
When operated with multi-staged addition of 1-butene to reach the same final
benzene/1-butene molar ratio of 4.3:1, MCM-22 and MCM-49 catalysts improved
sec-butylbenzene selectivity to 93-94%. Multi-staged addition also provided a 3-
15 fold reduction of butene oligomers, and a reduction of di-butylbenzenes and tri-

butylbenzenes.



15 fold reduction of butene oligoners, and a reduction

of di-butyl benzenes and tri butyl benzenes. WO

2007/ 093358PCT/ EP2007/ 001206 -26- Table 6. Conpari son
oVORW O3 Bact or Results at the End of Run Mod#GT/ER2007/001206
But ene Addition Exanple Single-Step Addition

Mul ti-Staged (5x 5 g) Additi oB6- Exanple 1 Exanple 2
Exanpl e 3 Exanple 4 Exanple 5 Catalyst . MCM 22 MCM 49

MCM- 22 49 Jet-m )l ed 49 Benzene (Bz) Wight, g
150-.,\150%1*?155 opeparien of é@ﬁ%ﬁ’?&“t‘&-s q‘s\?éﬂlj?ﬁ“,d 25
5x55x55x 5 Total Feed Bz/ C4= Wight Ratio 6.0

6. Mode.obBuen@a&itbn Tot all SilbidpzAubigtbn MDT amulrBkhdR (5%.53) Addidon
4: Brafhpid 4. 3 But ene CPryRipllt OlExamie2’| BExample 3 Bariple 340 . Bkample 5
IScataysl 0AUCT SETECTTWT RN 3 Buluds "l U2 momuas Jetmiled
Benzene (Bz) Weight, g 150 150 150 150 150
Total Butene (C,") Weight, g 25 25 5x5 5x5 5x5
Total Feed B2/C4= Weight Ratio 6.0 6.0 6.0 6.0 6.0
Total Feed Bz/C4= Molar Ratio 43 43 4.3 4.3 43
Butene Conversion, % 97.1 95.3 96.6 96.8 93.1
Product Selectivity, wi% :
i-Butane 0.039 0.041 0.036 0.038 0.037
n-Butane 0.143 0.138 0.124 0.131 0.134
Cs-Cy 0.135 0.128 0.109 0.105 0.081
Co= 1.128 1.068 0.287 0.273 0.247
Con1 0.079 0.086 0.028 0.034 0.053
Ci2= + C10-C11 Aromatics 0.131 0.114 0.042 0.036 0.036
Cizis 0.082 0.090 0.037 0.037 0.035
Cumene 0.018 0.017 0.012 0.008 0.010
t-Butylbenzene 0.046 0.043 0.057 0.058 0.055
i-Butylbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 91.279 91.331 93.268 93.513 94.432
n-Butylbenzene 0.014 0.013 0.010 0.009 0.012
Di-butylbenzene 6.526 6.486 5771 5.547 4681
Tri-butylbenzene 0.349 0.356 0.197 0.184 0.163
Heavies 0.031 0.028 0.022 0.026 0.024
Sum 100.0 100.0 100.0 100.0 100.0
s-Butylbenzene (BB) Purity, %
t-BB/all BB, % 0.050 0.047 0.061 0.062 0.058
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.935 99.938 99.929 99.928 99,929
“‘n-BB/all 8B, % 0.015 0.015 0.010 0.010 0.013
Sum, % 100.00 100.00 100.00 100.00 100.00
Di-BB/s-BB Wt Ratio, % 7.1 7.1 6.2 59 5.0
5 All samples collected at 160°C, 600-700 psig, and 5 hours reaction time.

* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

[0079] It is to be appreciated that at a 6:1 benzene/1-butene weight ratio (4.3
molar ratio), the 1-butene concentration is 14.3 wt% (1/7) if all of the feed 1-
10 butene mixes with all of the feed benzene instantaneously upon addition. Given
the relatively slow reaction rates and fast stirring, this is a reasonable
approximation with a well-stirred autoclave reactor, and can be approached in a
fixed bed reactor with adequate feed distribution nozzles at each feed injection

level. The local concentrations would be higher with non-ideal mixing. For a
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0.036 0.038 0.037 i-Butane n- But ane 0. 143 0. 138
0.124 0.131 0.134 CE-C7 0.135 0.128 0.109 0.105 0.081
CE= 1.128 1.068 0.287 0.273 0.247 C9-11 0.079 0.086

VO 217/03884 0. 053 C 2= + C 0-Cl1 Aromatics 0. PEI/EP207401206

0.042 0.036 0.036 C13-15 0.082 0.090 0.037 0.037 0.035
Cunene 0.018 0.017 0.012 0. 0087-0. 010 t-Butyl benzene
0.046 0.043 0. 057
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fixed bed system, there will normally be two or more catalyst beds, preferably
with a separate olefin feed injection zone upstream of at lea;t tw_o of these beds.
Within each zone, there may be a single nozzle for introduction of olefins into the
bulk flowing mixture, or preferably multiple nozzles.

[0080] When the same amount of butene was added stepwise (5-steps as in
Examples 3-5) with nearly complete conversion of butene in between additions
(92-97% butene conversion as in Examples 3-5), the maximum olefin
concentration would be 2.9 wt% (20% x 1/7). In a fixed bed reactor with
essentially steady state operation, having multiple feed injection points is more or

less the equivalent of multiple feed addition events to a batch reactor.

Example 7
Sec-butylbenzene synthesis with jet-milled MCM-49 in fixed-bed reactor at
3:1 benzene/2-butene molar ratio

[0081] 0.4 g of the jet-milled MCM-49 catalyst of Example 5 (but cut to 1/16
inch [1.6 mm] length) was used for alkylation of benzene with 2-butene in a fixed-
bed reactor. The catalyst 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 tumed off and benzene was fed to
the reactor at 60 cc/hr until reactor pressure reached the desired 300 psig (2170
kPa). Benzene flow was then reduced to 7.63 cc/hf. 2-Butene lfeed‘.(57.l% cis-
butene, 37.8% trans-butene, 2.5% n-butane, 0.8% isobutene and 1-butene, and
1.8% others) was introduced from a syringe pump at 2.57 cc/hr.  Feed
benzene/butene molar ratio was maintained at 3:1 for the entire run. The reactor
temperature was adjusted to 160°C. Liquid products were collected at reactor
conditions of 160°C and 300 psig (2170 kPa) in a cold-trap and analyzed off line.
Butene conversion was determined by measuring unreacted butene relative to feed

butene. Representative data are shown in Table 7.



0. 058 0.055 i-Butyl benzene ' 0.000 0.000 0.000 0.000

0. 000 s-Butyl benzene 91.279 91. 391 93. 268 93. 513 94. 432

n- But yl benzene 0.014 0.013 0.010 0.009 0.012
DVOBPHshzene 6.526 6.486 5.771 5.547 4. 681 PCI/EP2007/001206
Tri - butyl benzene 0.349 0.356 0.197 0.184 0.163 Heavies
0.031 0.028 0.022 0.026 0.0242&%um 100.0 100.0 100.0

100. 0 100.0 s-Butyl benzene (BB) Purity, %t-BB/all BB

% 0,,050 0.047 0.061 0.062 0.058 i-86/all BB, A 0.000

0. 0B¥mPKd0 0. 000
Sec-butylbenzene synthesis with jet-milled MCM-49 in fixed-bed reactor at

6:1 benzene/2-butene molar ratio
[0082] The process of Example 7 was repeated but using 0.6 g of the jet-
5  milled MCM-49 catalyst of Example 5 (cut to 1/16 inch [1.6 mm] length) and
with the feed benzene/butene molar ratio being maintained at 6:1 for the entire run
(benzene at 11.47 cc/hr and butene at 1.93 cc/hour). Representative data are also
shown in Table 7.
Table 7. sec-Butylbenzene Production with Jet-Milled MCM-49 in Fixed-bed

10 Reactor
Example Example 7 Example 8
Feed Bz/C4= Weight Ratio K3 6:1
Feed Bz/C4= Molar Ratio 4.2:1 8.4:1
Days on Stream 1.8 2.8 6.8 7.8
Butene WHSV, h™ 4.0 4.0 20 20
Benzene WHSV, h'! 18.7 16.7 i6.7 16.7
Butene Conversion, % 96.30 95.41 97.41 97.33
Product Selectivity, wt %

.i-Butane ’ 0.003 0.003 0.000 0.000
n-Butane 0.000 0.000 0.000 0.000
Cs-Cy 0.055 0.059 0.099 0.107

__tCs= 0.443 0.865 0.466 0474
Co11 0.019 0.042 0.016 0.033

" Cyz= + C1o-Ci1 Aromalics 0.157 0.135 0.066 0.073

- Cizmis 0.158 0.166 0.062 0.071
Cumene 0.243 0.251 0.156 0.159
t-Butylbenzene 0.093 0.078 0.078. 0.068
i-Butylbenzene * 0.000 0.000 0.000 0.000
s-Butylbenzene 92.547 93.054 96.257 96.244
n-Butylbenzene 0.013 0.009 0.011 0.010
Di-butylbenzene 5.546 5.040 2.667 2620
Tri-butylbenzene 0.405 0.287 0.113 0.125
Heavies 0.320 0.013 0.010 0.016
Sum 100.000 100.000 100.000 100.000

s-Butylbenzene (BB) Purity, %
t-BB/zall BB, % 0.100 0.084 0.081 0.071
i-BB*/alt BB, % 0.000 0.000 0.000 0.000
s-BB/a) BB, % 99.886 99.907 99.909 99.919
n-BB/all BB, % 0.014 0.009 0.011 0.011
Sum, % 100.00 100.00 100.00 100.00
Di-BB/s-BB Wt Ratio, % 6.0 54 28 27

All samples collected at 160°C and 300 psig,
* iso-Butylbenzene less than 0.5% in total butylbenzene is not detectable with our GC.
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of f0. bﬁﬁ@ (kbérh?z‘bﬁénqlebelwerXdpbthellm’éadNﬁPlhﬁowoA@@Fh and 43.2 g
unt S d O
) R ERf O IEAHIRATEERUS hechitfeC OBlel B iR bRk duroclave
ZECIWm'e pBsBuized @ 22Hepkig blA1R%KPa) whbtrmnmen JF1I@9%d by oxygen to an
tr but 2. 5% n- but an % i,sobut ene o
¢ Do R oo By REPER e Neat PR AIe Fraegted o 115°C
Syrvhﬂgﬁ nﬁﬂdl‘mlléﬂl strring ré@/dTr720hpRd Phe Rt budsansintained at
molar ratio was maintained at 3:1 for the entire run.

Thel Ipdadardt h%wethaffeapeﬁveag sarepling dhe beatlgpece 1oF giffqgen and
I |
BB L Srh B o Plpek ARl BPGde RilRfled 1o
3(I) i rike hBatingnperivdnivie replanishiveent dietre ami axederb P Vite frgessiuieg volume,
unr.eact ed but en atlve t.o f d butene. .
Rea?fag%ms o821 campigyin of i B Favid pbase yas,ppghoaed
8 sceut )Sc@-‘bﬂ@ﬂﬁﬂz&ﬁéné&ﬁ&sﬁ)n\/\kvﬁb 2026t widel el sdlkdvhat9 fonsec-
fi xed-bed reactor at 6:1 benzene/2 butene nolar ratio
[ odmpylteneensrhydepsrazfdepvag B wttenas repeat ed but usi ng
0.6 g of the jet- 5 mlled MCM 49 catal yst of Exanple 5
(cut to 1/16 inch [1.6 m] length) and with the feed
benzene/ butene nolar ratio being naintained at 6:1 for
the entire run (benzene at 11.47 cc/hr and butene at
1.93 cc/hour). Representative data are al so shown in
Table 7. Tabl e 7 _sec- Butyl benzene Product| on

.



Exanpl e Exanpl e 7 Exanple 8 Feed Bz/ C4= Weight Ratio
Feed Bz/ C4= Molar Ratio 3:1 4.2:1 6:1 8.4:1 Days on
Str 2.8 6.8 7.8 Butene WHSV, h-1 4.0 4.0, 2.0 2.

é&ﬂ%@‘%’%ﬁ%v, h-1 16.7 16.7 163 16.7 Butene %aowf%mﬁ
% 96. 30 95.41 97.41 97.33 Product Selectivity, wt %

1- But ane 0. 003 0.003 0.000 0-¥0 n-Butane 0.000 0.000
0. 000 0.000 Cs-Cr 0.055 0.059 0.099 0.107 ,'C8= 0.443
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Oxidation of sec-butylbenzene produced in fixed bed reactor at 3:1
benzene/butene molar ratio

[0086] Liquid products produced in Example 7 (fixed-bed reactor at 3:1
benzene/butene molar ratio) were combined. The same procedure described in
Example 9 was followed for sec-butylbenzene isolation and oxidation. Sec-
butylbenzene conversion was 14.0 wt% and selectivity to sec-butylbenzene

hydroperoxide was 91.0 wt%.

Example 11:
Oxidation of sec-butylbenzene produced in fixed bed reactor at 6:1

benzene/butene molar ratio
[0087] Liquid products produced in Example 8 (fixed-bed reactor at 6:1

benzene/butene molar ratio) were combined. The same procedure described in
Example 9 was followed for sec-butylbenzene isolation and oxidation. Sec-
butylbenzene conversion was 21.9 wt% and selectivity to sec-butylbenzene

hydroperoxide was 92.8 wt%.

Example 12:
Comparison of sec-Butylbenzene Oxidation

[0088] Figures 1 and 2 compare the sec-butylbenzene conversion and sec-
butylbenzene hydroperoxide selectivity respectively of the processes of Examples
9 to 11 with that of comparative process using substantially pufe sec-butylbenzene
(having zero olefin impurities) as a bench-mark material.

[0089]) Figure 1 shows the improvement in sec-butylbenzene conversion with
multi-staged addition of butene (Example 9 with 22.2% conversion) or with 6:1
benzene/butene molar ratio (Example 11 with 21.9% conversion), as compared
with the 14% conversion obtained with the 3:1 benzene/butene molar ratio of
Example 10. The highest conversion was, however, obtained with the pure sec-
butylbenzene (24.8% conversion).

[0090] Figure 2 shows the improvement in sec-butylbenzene hydroperoxide
selectivity with multi-staged addition of butene (Example 9 with 92.3%
selectivity) or with 6:1 benzene/butene molar ratio (Example 11 with 92.8%

selectivity). These selectivities were higher than those obtained with the both 3:1



C9-11 0.019 0.042 0.016 0.033 Cl12-= + C10-C,, Aromatics
0. 157 0.135 0.066 0.073 - C13-15 0.158 0.166 0.062

0.071 Cunene 0.243 0.251 0.156 0.159 t-Butyl benzene
WOR9w/(933%8 0. 078- 0.068 i-Butyl benzene ' 0. 08CTHPHOIY001206
0. 000 0.000 s-Butyl benzene 92.547 93. 054 96. 257 96. 244

n- But yl benzene 0.013 0. 009 0-3011 0. 010 Di - butyl benzene
5.546 5.040 2.667 2.620 Tri-butyl benzene 0.405 0. 287

0.113 0.125 Heavies 0.320 0.013 0.010 0.016
benzene/butene molar ratio of Example 10 (91%- selectivity) and the pure feed

(91.4 % selectivity).

[0091] While the present invention has been described and illustrated by

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




Sum 100, 000 100. 000 100. 000 100. 000 s-Butvl benzene (BB)
Purity, % t-BB/all BB, 5i0 0.100 0.084 0.081 0.071
i-BBiall BB, % 0.000 0.000 0.000 0.000 s-BB/all BB, %
99. 886 99.907 99.909 99.919 n-BB/all BB, %0.014 0.009
0.011 0.011 Sum % 100.00 100.00 100.00 100. 00
D -BB/s-BB W Ratio, %6.0 5.4 2.8 2.7 Al sanples
coll ected at 160C and 300 ps$ig, * iso-Butyl benzene | ess
than 0.5%in total butyl benzene is not detectable with
our GC. -29- [0083] Wen operated at 3:1
beanne/ 2-butene nolar ratio (or 4.2:1 weight ratio),

c -but ene concentration is 18.9 % (1/5.3) if
2-butene m xes with benzene instantaneously. At this

benzene/ 2- butene nol ar iatio, the MCM 49 cat al yst
pt.odupredess éar- mwmm@nmmmwm the lpmesssompnsmg

0 P g TR A 500 coton

Conﬁegt r ahd GA the phéseficevb @ WS latloni fatalydd UdotipeisitigXsSleast one
i fg;;g&&g;}fm” A VN gl b g By 305 Dfen
sec- but yl.gg w, B&}K@Meﬁ@' Fhérbifi thy -cobbdcsi Ogoﬁuschﬁuaem a
as butene o |go rs a but yl benzenes an

tri-but ylpbarairtg € scavkionezonesiarslesdidoys dlRylating ageB0Bosuffied to each

reduci ng t concentration of butene in the fixed-bed
react or [MHhEM reﬁﬁ%?rﬁo\rl'g i mpact on sec- butyl benzene

sel g} i VIréc»verEagamceo@ylb@mafrmmmffo@ e4id hldyydtion rtzmnm said

produced in _batch reactor mul ti-staged 15 bute
addi t i on fEetirocemPpTiRiAE étnlsm ASEWL% ise8- Butyiognzee. Jessythan 100 wt

[ 0085] Th g{:}nh gj+ B[e‘?iﬂ Cstnﬁ IP{ qgﬁ?@ q W/igﬁﬁgglgﬁ)agzdené rand tert-

and 5 (b react or i -staged tion)
wer e corrtbuty\ﬁltnz&nzene vvas renoved under reduced
ip ;gﬁg)tj reg og' izz%ngRo % es\ég tegéene S?'gc_o?fgrte ben%{)&)n etowapsroducv: a
hydroperoxide; and
(d)  cleaving the hydroperoxide from (c) to produce phenol and methyl ethyl
ketone.

2. The process of claim 1, wherein the reactor temperature is controlled by means of
staged injection of the C4 alkylation agent wherein the C4 alkylation agent is a
relatively cool alkylating agent.

3. The process of claim 1, wherein said sec-butylbenzene fraction is recovered
directly from said alkylation effluent without prior chemical treatment of the
effluent.

4. The process of claim 1, wherein said alkylation effluent is subjected to chemical
treatment prior to recovery of said sec-butylbenzene fraction.

5. The process of claim 1, wherein said alkylation effluent or said sec-butylbenzene
fraction is chemically treated to reduce the level of butene oligomers.

6. The process of claim 5, wherein said chemical treatment is selected from

hydrogenation, acid treatment, olefin oligomerization, seclective reduction,



di stillation under 50 mmHg vacuum using a 26-plate

vacuum j acked O der Shaw 20 columm with a reflux ratio

of 10:1. Oxidation of sec-butyl benzene was carried out

in a 100 cc Parr autoclave at 115C and 250-260 psig

(1825- 1894 kPa) nitrogen/oxygen (80/20) pressure. Into

the 100 cc Parr autoclave was charged 0.185¢g (1.1134

nmol e) N hydroxyphthal i m desg NHPI) from Al drich and

43.2 g (321.5 mmol e) of the distilled sec-butyl benzene.

The contents of the autoclave 25 were pressurized to

220 psig (1618 kPa) with nityogen, foll owed by oxy to

o aBredeimpidtion geienhssionoud B¢ Afdition af hetergatpms g, glefins, or a

M XtUhBindBsn theRbed to 115C with a nechanical stirring

rate of 720 rpm The tenperature was mai ntained at 115C
7.1 or Thelpooness off ¢lhinf 1 cwbemin spismolemphi sigveodf thadMCM-22 family is

of - HRREL R Dt 3BoF RS A SR, URFARTREMER of oM
heat4onICNEI56 0 Z K8 1 428 IngiRfusdaMBdaéoff r om an oxygen PVT

(pressure, volune, tenperature) vessel. At the
8. conpiheprenssoe! ¢lpim humharein spidgnelecul sieye imgelented fromMEH-22,
GC. t S j was 22.2 wt % and
sel é‘?ﬁ?ﬁj’y{:gpgc u?y?@e%@%@nhydr oper oxi de was 92. 3
9. wt %The padhesstodaetpiine 1, herér issid tmalecuddr ssave ibsrlsatdsefions MCM-49,

pro in fixed d reactor at 3:1 benzene/ butene

nol iﬁeggﬁ‘bnd[‘é‘éﬁ%ﬁsﬁﬁ%‘?fg products produced in Exanple 7
10( f i X2~ pr@eesk €FC LIaim af, Whérefn BAdZhemidalittRaEndi®| iar seledied Ofrom

wer e conbi ned. The sane procedure described in Exanple

9 wdwdrogenatipnand arid geatment ofjaembingtion thereafi on and

oxi i S - | g}ﬁ,gp ) bie? -
11é,el gg{eip\?‘lg&tefl to %ié%/i gdtﬁéﬁggsnagd;%&@{grg%per ers sép\}\}/a\ﬁgm{%%ggorz

wt %bufele Exanpl e 11: Oxi dati on of sec-butyl benzene

prodyced in fjxed d reactor, at 6.1 benzenel but.ene .
1oy e sesess phUa oo gHEiear BREH B mixed
(fixgesped reactor at 6:1 benzene/ butene nol ar ratio)
wer e _conbi ned. The same procedure described in 15
13gx arfhieeprocesm of fclaimolwevherein ssidcCoalkylating 2gend doswingt lessnthan 5

and _oxi .1 O e I ° ' was 21.9 w %
and Ig&ei °e@tl#°0ﬁt?%%g§é%-ﬂg§%fﬂl§}égﬁ%‘%@é‘?&gper oxi de was i
1492. 8hetprocebx afrplaitn 12 wheRinCeni 4y, iatkgiatinf agent-ddSutaystesszthare 0.5
Oxi dat.j on..[ 00881Fi gures, 1 and C ar.e the
sec-%‘ﬂ%’%t‘l’%_%h?‘é‘ﬁ%e %’gﬁ%"érﬂ&“&wﬂé’ﬁé/" Qgﬁr“f’ta‘{iﬁﬁvl benzene
lﬁﬂ%’dgxqg%‘fr&@éhsd@f c?ﬁhxeﬁtwli&éhiﬂ sﬁswﬁg@?\gﬁg ¥g&t chit@ink 146 BRHAD wt

0 mples 9 to 11 with that o nparati ve process
usi mpnsnitregennlessithpy 19wt ppra sulburtapd kess than d 00wt pprg wataro

lefin inpuritie -bench- mark .. erial . .2
16[? Oog"lg'jelplng%?seoftlcl% ohgiﬁ} A0 lgaﬁ% ?6\%&& Ig%enk gontam? less than 0.1 wt
sec-pput Hitrbguiz Reethan B we ppincsnlfud dnd 1esslthdn K0agepnowatet. i on
of bytene (Ex r]p_le 9 with 22. %c,onverg,i,on%_ O{P with 6:1
Voen K aressbAEcIgn b Whestin g2 jog cppdifipps,inglyde g temperaure
CONVETRinPMout 86°CCRMIBBHEL0PE ! {pretiBrel KXP0DORYE P 1e8¢E) a feed weight

obtained with the 3:1 benzene/ butene nolar rati o of

Ex arhokdy swace Falocity §WESY) besedaanstonlkylating saswealcirom about 0.1 to

obt aj ne i hh th ure. SeG- | benzen . 8%
con BP0y Sad it & Sondihs RN RAR AR T4 B8y 50
185 ec-Tig¢t prbdres o tlaind 1 d) whereipdatiemsat edtiol ofl BieyizaMet tB butene is from
mul ti-staged addition of butene (Exanple 9 with 92. 3%
sel OPWA ©OEPOO. i th 6: 1 benzene/ butene nolar ratio
(Exanple 11 with 92.8% sel ectivity). These
sel ectivities were higher than those obtained with the
both 3:1 -31- benzenel butene nolar ratio of Exanple 10
(91% sel ectivity) and the pure feed (91.4%
selectivity). (00911Wiile the present invention has
been described and illustrated by reference to
parti cul ar enbodi nents, those of ordinary skill in the
art will 5 appreciate that the invention |l ends itself
to variations not necessarily illustrated herein. For



16. The process of claim1l, wherein said C4 allcylating
agent contains less than 0.1 w ppmnitrogen, |ess than
3w ppmsulfur and I ess than 100 wt ppmwater. 17. The
process of claim1l, wherein said allcylation conditions
include a tenperature of from about 60C to about 260C,
a pressure of 7000 kPa or less, a feed weight hourly
space velocity (WHSV) basedipn C4 al kyl ati ng agent of
fromabout 0.1 to about 50 hr' and a nolar ratio of
benzene to butene from about 1 to about 50. 18. The

progess of cl |m17 ein said nolar. rati
19b e d68 $recssbof e i WHTSHH SAb EORAFIG (his fongieted wder goleast

The LBfhRAFRGH gﬁas%@ﬁdﬁx&m wherein said contacting (a) is
conguct ed under at least partial |iquid phase

20condihe; mmsss ofclaiel , prhereits said Fongacsingnalso prwrduces polybutybenzenes

o g5 %R B b A 40 oblns i

pol enieyé heuhe prusenceiof b u’aﬁsan@tmm pathlyer tp pRRIGGE eciutydbenzene.
transal I cylation cataly roduce s C- but yl benzene,

H‘lﬁeprﬁp@ge%% clgpm C@QM gem e}r@qsal on catalyst comprises a
% am&ég@;aﬁe\fe%&e&a'ﬁféﬁ 26T bEAC FroRdeiRECOSY AMOUENS PSH-3,

sel ecte romzeolite beta, nordenit usy, MM 227

PSHSSZ-23SERB-1, ERQ-1, ITIQFZ) MCM%@; MCMSM 3mcwm LIEZM-S and

MCM: 56 @4 and m xtures thereof. 22. The process of

cl arres P n said oxidizing (d) is conducted in the
22pr eSRe ‘}‘)ﬁbc@is of cladindll, WherefiLdal 6x8dizing @8) is CanduribdQx €he presence of

(hydroxo) bridged tetranucl ear netal conpl ex conpri si ng

man@&d tseé%’}e HFP®x0 (hydr oxo) bridged tetranucl ear

co h r n I o
he Bor 6 er ke BYRASF WAEER, BFfle|GE] Reiap NorLe! chiprisng
Fe, Co, Mangdesgnd m xtures ther eof and anot her net al

bei a trival nt ne ted,from|l F N
A R i DB teolPL BrioSe, Riticar FiRkaspritn Me g Fmixed
cyclic i e cBiel bR meiapeﬁhe eoﬂerbeiniga AvaeRE&RalQklcttel TR Zn,
radl cal initiator, and (d)

N,

N'-tri hy e $96 NindMp canédn@um thereofy| apd cangther metplebeing a
presence al&tB{e‘?ﬁ sél%ﬂé&:f% IH'IIe G|a A’:f‘ 1xHIr&°tﬁé%on
claim 1, e eI Sard oxl arz 'ng’ cat al'y
condelct edniNhydrexysubstitneed oytlicintde altlmhlcmemspm Ekllelpgesmce of a
N- hydr oxy, SUbdgt i tuted g&/{gl ic imde either alone or in
the presdise&adial (nitigleraafd, i cal initiator. 24. The
pr Og g5s N, 0! Rt RidydrddRoEVdRufid 8cif leRB dMehe &) in! the presence of a
conducted in the presénce of a heterogeneous catal yst
corrprl si fige sadienbistitiater. cl ay. 25. The process of claim 1,

24 SR 10 B SRR Pl BRI

abOlﬂresﬂ:ﬁKéOoﬂ(Paata@ﬁdcmﬂrismgl &h Nohydroxysqubstituted|oyclid jmide either

(LHS based on the %{0 pef. o jde of about 1 to about
50 [8one or in the presence o ee radlc imtiator.

24.  The process of claim 1, wherein the cleaving (e) is conducted in the presence of a
heterogeneous catalyst comprising a smectite clay.

25.  The process of claim 1, wherein the cleaving (e) is conducted at a temperature of
about 40°C to about 120°C, a pressure of about 100 to about 1000 kPa, and a
liquid hourly space velocity (LHSV) based on the hydroperoxide of about 1 to
about 50 hr',



