PROCESS FOR PRCDUCI NG PHENOL AND METHYL ETHYL KETONE
FI ELD [ 0001] The present invention relates to a

W@Qe@cesss§ or co- produci ng phenol and net hyl etPgI/EP2007/001206
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ket one. BACKGROUND [ 0002] Phenol and nethyl ethyl
ketone are inportant productis in the chemca

i ndustry. For exanple, phenol is useful in the
production of phenolic resins, bisphenol A

e- capr ol act PROGESS IFORPRODUNNG PHENOS, AR

pl astici zerS, whereas nethyl ethyl ketone can be used
as a lacquer, a sdﬂdﬂhﬁ%&%g of

| ubricating oils. [0003] The nobst comon route for the

production of nethyl ethyl ketone is by

GQEZ%!ogenation of sec-butyl al cohol (SBA), with the

al cohol bei ng produced by the acid-catal yzed hydration

90Ut enthe prcsent dnverbipe relatenifet progesssionFe-pamicing phenol and
136h1kEioRy reaction of butylene with sulfuric acid

as ‘been acconplished for many years via gas/liquid

extraction. [0004] Currently, the nbst common route

for the production of phenol is the Hock process. This
!&!%5£Hﬂ§§l§&ep process in which the first step

iét)i% VeSpRILSY had (rfhyPEtnPR& itnBoRARMOAIRE fGhe chemical
éro Ece cﬁérrnlgne, ?loﬁygvveg Eys%'i?lgg{npgn oﬁ*t he cunene to -
st pr r Esperadiple phetobpepsefuldm thredprodactian ehpheg®liof resins,

BRGHEHo! s st e ARG B0, 0 RIGPDS BERARSGrs, whereas
RRRRA| ethl BStONE Bsh BBNRed @R Alacghéian $divdnt faal e MeRaRing of

I n addition, the cost of propylene relative to that
flehriceingodss is likely to increase, due to a devel opi ng

f . i
Eﬁ@g a9Cfe ogﬁé’ég%%% rthllg%r th RS d @%t_hglfgtgﬁlclé%tone is

es inste propylene a

wotdeyydreginatiok @faaebiigt BlkbhdlSBAYL RithNnke ARYhdlebeiiy produced
attractive alternative route to _the production of
prehepeidicabspd ihydragiop @b hutepsat Fememsipla remprsreigl scale SBA
- : ik .
R D L
olngyi yeaseta gastlyquikenercaohydr oper oxi de and t he peroxi de

onposed tao the desired phenol .and met hyl. et .
LR O Gl it e Thost Cttrhn £ovs St Preduitiak of Bhgrol is the
IHRRYSDcdsS3- 48k ANY tlﬁl@grs&%?’pﬁfcefsr OF QRN Gt Csiep involves

Report No. 22B entitle )
alkylation of benzene with propylene to produce cumene, followed by oxidation

of the cumene to the corresponding hydroperoxide and then cleavage of the
hydroperoxide to produce equimolar amounts of phenol and acetone. However,
the world demand for phenol is growing more rapidly than that for acetone. In
addition, the cost of propylene relative to that for butenes is likely to increase, due
to a developing shortage of propylene. Thus, a process that uses butenes instead
of propylene as feed and co-produces methyl ethyl ketone rather than acetone may
be an attractive alternative route to the production of phenol.

[0005] It is known that phenol and methyl ethyl ketone can be co-produced by
a variation of the Hock process in which sec-butylbenzene is oxidized to obtain
sec-butylbenzene hydroperoxide and the peroxide decomposed to the desired

phenol and methyl ethyl ketone. An overview of such a process is described in



"Phenol ", published by the Stanford Research Institute
i n Decenber 1977. [0006] Sec-butyl benzene can be

w@emduoeBss by al kyl ati ng benzene with nbut enes PUBEPANT/001206
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acid catalyst. The chem stry is very simlar to

et hyl benzene and cunene production. However, as the
carbon nunber of the al kyl ati ng agent increases, the
nunber of product isomers also increases. For exanple,

glapyd heRagnearddagcp63i @iopﬁfcessamwdxbﬁ@zremmm t28B entitled
i sonmers (cumene and_np rop benzeneg and butyl benzene

h&genqdyy rpubbair%rbsy tbﬁStanf@s eseaieh Insgityde ingesernhenl i) |
T9hodte Sut BLOBRRERE. PLoSCH Bl b SR W@BiakOuin »

hyitemes duart arf avidrehtabst. 'l']'ikesl&nlnslyy iy oghy Girmilaretd &El@lbédzyne and

i so- butyl benzene, have boiling points verg cl ose. t

SEEBNE wr%weﬂe AV RHces HieeCHPeR number of the ﬁH‘rYé&“é‘g agent
Cy z [ t abl

R P S R A T S

kfigylbenBeey hbe nne nsniét] peopBiienkdrenkasnsvd ¥®mers (cumene and n-

n- But .yl benzene ;183 [.0007 reover., i so-butyl benzene
e ey Ao RIRMBNaTE BAbvaE JSaSren il bty depp and t
fﬁl@éﬂz@ﬁ‘é)' qurcgec$%9yllbéi1tz¥ﬁé)§1%€§&?oﬁ & ifshﬁlp?aﬁﬁﬁtetéﬁﬁﬂ%ﬁg n-,

1 oper oxi de a necessary next st ep or the
ps@d u@hutyihemzfenqe ahg| planiyliutdoes olmsepmd@lcb HemmitionThuEheset by-

ritic maximze the sec- benz
sEodids RPcet SR RSrR o Rl Boube B0 S arRe dgiec
thityAb&eed Sands Hedteasre SVl | toeBepanfe a6 sec-butylbenzene by
tert-butyl benzene, can be mnim zed by using a pure
rligiltatine (See sable bdewdomer ci al production it is
desirable to enpl OTTOTIT T ne. f&eds, such
as Raffi nate- an ‘gu& eﬁze%h;\al i ||a?%01§ﬂg§dm;|?; 0-1%
but adi ene and 0- 5& @g PERE. W th thi 4% ncr eased
i sobutene in the fiEBYYIDENEGher by- proddét nake is
expect ed, which f urBHEHbEE#Ieases the ilddortance of
the sec- butyl benzenButsdbengens/ity of thdSprocess.
[0009] In addltlon it has nOM/been f ound t hat the

! B 5 REMBEEERE e, ATOBLERER, Kt be

inhibitors to the oxidation of sec-butylbenzene to the corresponding

hydroperoxide, a necessary next step for the production of methyl ethyl ketone
and phenol. Thus, it is critical to maximize the sec-butylbenzene selectivity of the
alkylation process.

[0008] Although by-products, such as isobutylbenzene and tert-butylbenzene,
can be minimized by using a pure n-butene feed, for commercial production it is
desirable to employ more economical butene feeds, such as Raffinate-2. A typical
Raffinate-2 contains 0-1% butadiene and 0-5% isobutene. With this increased
isobutene in the feed, a higher by-product make is expected, which further
increases the importance of the sec-butylbenzene selectivity of the process.

[0009] In addition, it has now been found that the oxidation of sec-
butylbenzene is also very sénsitive to the presence of the higher (Cg+) olefins that

tend to be produced as a result of the oligomerization reactions that compete with



tend to be produced as a result of the oligonerization
reactions that conpete wthal kyl ati on when butene is

weonrazssl with benzene in the presence of an BCI/EP2007/001206
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catal yst. Moreover, certain of these butene oligoners,
and in particular certain ofthe G2 oligoners, have
boi ling points very close to sec-butyl benzene nmaki ng
themdifficult to separate from al kyl ati on effl uent by

diligftatidnatvihen . butéHe113] coblieetddr 8s@nberizene i ithd) ps&dekse bP an acid
provrde an optlnrzeqaﬂéocess for_ coproducing pheno
Satalypbt Mﬂreeten,wertr@m esgthuteneigomess, BBd e Ratignlgr gertaan of

Ahicd 208200 B ST RN A0 o 1A REABEEAND Gnaking

nrnterne ati on process
ftbem i ffidule kgepacte ﬁumydlbﬂmnefﬂu{nﬁ%yldnstuaueat ent No.
4 891, 458 di scl oses a process for .the al kylatjon of an
APOHY: i c Thy dresent Bsntgn seeks donpre\dds ap aptimiggdhprogess for co-

?TQ&L&%C?%&E&}IC loEt }rﬁ%eﬁn‘h@”&&r‘t&?a?f OBIRA0 Mdt B c,

I'n un er at | east part i qui d phase
caikbdaﬁng)ngexmnmchnas Reffprae@énamd pfocaediag ahsosigh an intermediate

r.isi zeolite In additio i s known
R o tefSprosessUbtPopuuR i egtsmes st hat
'\{Wﬂz | §5aparehd RE! 1,891,288 AiskRsed Qprédeky ks i rllllgflatlon of an
aromati c compounds, such as benzené, with al kylati ng

agemaetsc hydroearben wihedh eramprisgy |cnga¢trrtma stoichi@netsic papess of the

atons,..over a w de .r,an of .te r at from abput .QC
ASTRIC I bt SalEp S © ¢ SRS Slet 85 acab R R0 Hwid phase
288G onShid inache gfesexh&%ﬂaastaayse c6@Pptisind eeblitd béiaSIn addition, it
Pat ent Nos. 1,310 and 5,557,024 but where the

A& dnowas frame fmmpbndJ BrRasst Nos 1599364 yhat [EMR2| i an

2005/
oelffec é@é g&tgl??f Ecﬂa:gléﬁgﬁoﬂ %?Laracglgatg: scrﬁ( 5? asﬁlglﬁngot?eiégned with
pilodaas i@msp sachugs olgfipd) elraoingaﬁminmetdrylcaﬂbh)dtoxhebtmea wide
t he process conp |S|ngié)éﬁcontact|

BRSO P RCTB BB 2GR 40 APRYE 5907 ﬁgors%éﬁﬁy fifEezbout 50°C
Fnlieh38d 20°CORMILZ I e EF @IS Ty DNl 5 R 5371310

zeolite beta or an MCM 2 Iy zeolite to uce an
anld ol ¥547,024 beit iMheerthe zoo’rpcs :s_re M;Ch@éﬁa o MCB‘drﬁzGenaqec(lbgly.

00 per i g TRRal (P Teriony My P haTROANOS 0BT o died

t Qugusosi tmes rxbe Ae @REHBERL MYihte@idiod proedse is: prédetif#phenol and
alkglatln agent can be a m xed butene feed, such as

Ragthylnethil ketone, Réef priaggse - @mpSigMgAcdy qoo@fg]lglmf@decompnsmg
%%H? Gl add"§ B ol?&f&hag mg?{l:tt {u?c[btr 1?&1%?%0 r{so&ﬁﬁ fRalyst

pro u0|ng phéh e process

QO MpiHishigngotifs beta or an MCM-22 family zeolite to produce an alkylation
effluent comprising sec-butylbenzene; (b) oxidizing the sec-butylbenzene to
produce a hydroperoxide; and then (c) cleaving the hydroperoxide to produce
phenol and methyl ethyl ketone. The C, alkylating agent can be a mixed butene

feed, such as Raffinate-1 or Raffinate-2.

SUMMARY
[0013] In one aspect, the present invention resides in a process for producing

phenol and methyl ethyl ketone, the process comprising:



(a) contacting benzene and a C4 al kyl ati ng agent under
al kyl ati on conditions and in the presence of an

w@bdoylogasson cat al yst conprising at | east one nRCEEP10aT/001206
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sieve of the MCM 22 family to produce an al kyl ati on

ef fl uent conprising sec-buty.benzene; wherein the
contacting is conducted in a plurality of reaction

zones and said C4 al kylating agent is supplied to each
of sai(d) r eadhtadting MeAsencbind acCOy allkylgtiz agent under alkylation
sec-hutyl benzene fractign from said al kyl ati on

eppditient and i ther presgrce pf @gnalkylation calplyseempmsing atdeast one

= yl z I bhag, .1 f [
e SRR e MESLR T Bk 0 LR ROTS an o RifSh! Bffcnt
toonipisingsbe-bawyitenz{ne) whxieih therrgntabengseobdiot¢dbmrazgnelity of
recovered in (b) .t oduce a hydroperoxide; and (d .
TPEHON §1Eh %“‘{1 9%? &Eseﬁ[sx%%g £EIth1? é)’&ﬁt?%ptpo?fﬁ]& é’?ﬁﬁ’é‘ngﬁ’@“‘o“
3Rfedret hyl ethyl ketone. [0014] Preferably, the

fraction recovered in (b) conprises at |east 97 w%
secbut(y) bermzervering ess s¢hbutyb@nzne p fracadén CBemolsefd redkylation

(e bert a0 Batiohicomirisiecat lsakt 5 B e B dbgnzcus, lgps than 100

SACppt ot BERZABENS, raAdt 1e8d thah 0SCONSY Bfl ishbuBAbdntedd amd tert-
sai d al kylation ef fl uent w t hout pri or chem cal

thussdbergame;of the effluent. [0016] |n another

enbodi nent, said alkyl ati 51 uent | i gct ed

chem c(c troé(a(flzrr%ﬁt hlﬁr F’%rbl%qglbrg%zce 8?/@%0‘6 ec§ gﬁd&)g 6 pI,O%uce a
I8drdpetokidecagene fraction. Preferably, the chenical

treatment conprises olefin oligonerization, selective
reduct(fbn, deaving the bydsapgroxidsniromdeleio; grpdugei Riysnolgyd methyl

t 1 Qt% ion of heteroatons to olefins, or a
cehc}ﬁo?nat |E'on t hereof. [0017] Conveniently, the

fodBtjul aPredérebly, thadraatioxrecayerdd iff (tgcbinprisepadttieasn97 wt% sec-
i.ncludi ng d-spaci ng maxi ma_at ,40. 25 6.90, 15, 0
DU iS5 5 367 WAy B CoEoPIe Rk e, R 1 W% of
'TRJb%g%éHze& SQehtDubAb&EERYI from MCM 22, PSH- 3,

SSz-25, ERB-1, ITQI, 1TQ 2, MM 36, MCM 49, MCOM 56,
UO0AE, ahu aviex embedimengr eaifl. sqerluftplbaidene fraetionmlie ggeauered

Sy o AR At Ry, o e
effluent.

[0016] In another embodiment, said alkylation effluent is subjected to
chemical treatment prior to recovery of said sec-butylbenzene fraction.
Preferably, the chemical treatment comprises olefin oligomerization, selective
reduction, selective oxidation, esterification, and the addition of heteroatoms to
olefins, or a combination thereof.

[0017] Conveniently, the molecular sieve has an X-ray diffraction pattern
including d-spacing maxima at 12.44+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,
SSz-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, and even more preferably from MCM-
49, MCM-56 and isotypes thereof.



49, MCM 56 and isotypes thereof.[0018] Preferably, the
4 al kyl ati ng agent conprises a |linear butene, for

we@x@modsse- but ene and/ or 2-butene. I n one enmboRCTEPL007/001206
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said linear butene is contained in a mxed C4 stream
such as a Raffinate-2 stream. [0019] Conveniently,

said al kylation conditions also include a tenperature
of from about 60C to about 2600C, a pressure of 7000

l‘{ﬁﬁl&}r | Breferablyf kel OyehlgRlating Uideyit SP@PEsesehOlnday butene, for
based on ¢4 al k%/I ating agent of from about 0.1
teesaree en }-butene Angd/arpd-Rrtepgt |I@ e s@he@ﬁ@nf oSl dipyr bytene is

rom about 2
tcg)H%LI%E?H%S?’X&PC pt%é}? era a?f'?&}gﬁ% g{)%{ﬂlf 4 to about
900199020 ohvendeiglye ndaddlkmtan aidilions atsadh¢lnde 6 agmperature of
conducted under at | eaost partial liquid phasfe )
demgja Plan@o [ 00abppt RAOL, saeargﬁsa%owﬁ%kﬁ%m, esgaf deed weight
ﬂo'ﬁﬂg @Pé&r\/e?gcfltlﬁ/l'@@ltlsp5 Bﬁéégec% CPalkd tlﬁ éﬂt%?sfrom about 0.1 to
poly | benzenes and”the process r conpri ses
d@nhactandgmhamdapolqtbbﬂxybﬁmrﬂaém@evwﬁ frobealzmnel ito abloet 50,

B e Do ahaR Rt hrmp e ety ahBaiPPuce gavout o
q@éﬁj]yst I&@H@rehﬁy%&rﬁeﬂmkzﬁ& Lﬂoﬁfacﬁhfg? setsdueddf I at least
zeolite beta, nordenite, PSH- 3, SSz- 25,
PR llqlll'dcphlase ¢0T1Qlt2>nSI\/CM 36, MCM 49_ MCM 56, UZM 8,

F068aT, 3 Ll Boseor et Bimatipaeal soid rISTHERL kifweb Broduced in @

GRS polybigibafizenes ahalthis proebse airtdr fcbthShéés) citaching said
(h r oxo ridged tetranuclear netal co

dbsigerasnyih dgazengi in)the presgace ﬁf;/arttakléa)lkldml@g sgfalyst to
DA, SRS b Ty S
fmaseular, siGig sé?ﬁqtc_ed?@r,oanzeqle bt nmrldémteeSUSYi,elVKﬁf/I 2 PSH-3,
SRR ERR: P O SR PR ieasy ERIFan AT, and
MK FEOm¥respbstituted cyclic imde either alone or in

the presence of a free radical initiator, and (iv) N,
NOQ22yI" - t Cohvednantlyi slox yarlizing (griisl conducmde iertho giresente, of a

t he, oxi di,zati o cta t.ds het er en .
B3 st B PRABR Rl i 30 2R 5 LTRSS s
andtENgREL EGnprisiad Blahgifdce, L(@) aRoud (RRE6xAMtded tetranuclear
pressure of about 0.5 to about 10 at nospheres (50 to

T06a) qomeplex hoone p nused il werey one metal jod g erje baingiasdivalent
cfr?&glufetl&ged H'o}nhzn,pf}ﬁ,s ?Q,Ceo,of\h,aMn and mixtures thereof and another

metal being a trivalent metal selected from In, Fe, Mn, Ga, Al and mixtures
thereof (ii1) an N-hydroxy substituted cyclic imide either alone or in the presence
of a free radical initiator, and (iv) N, N', N"-trihydroxyisocyanuric acid. In one
embodiment, the oxidization catalyst is a heterogeneous catalyst.

[0023] Conveniently, the oxidizing (c) is conducted at a temperature of about
70°C to about 200°C and a pressure of about 0.5 to about 10 atmospheres (50 to
1000 kPa).

[0024] Conveniently, the cleaving (d) 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.



catal yst. The catal yst can be a honbgeneous or
het er ogeneous catal yst. I n one enbodi nent, the

W@ 200093358 | s a honpbgeneous catal yst, such as seCT/EP1087/001206
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aci d.[0025] Conveniently, the cleaving (d) is
conducted at a tenperature gf about 40C to about
1200C, a pressure of about 100 to about 2500 kPa, and
a liquid hourly space velocity (LHSV) based on the

hoospper Qbh\ﬁﬁﬁi&ftlﬁlahﬁtﬁleﬁnﬂg {d) ialerduciddOaty tetnperdt@@2f]about
As used herein the term C8+ ol efin neans %Eé ol efin

dORE dp rﬂbﬂgt B2Q5E, mopressvzg bHabaut ok, toBRIoBF 2 HRE &R, Pandan liquid

S SO LB Loase g gh ne piErTRR R dabgpt 0.1 to about

Byemples 9 to 11 with that of a conparative process
usi ng substantially pure secbutyl benzene. [0028]
R0 e 2As asphhersin the tewe (otglele meens amy @ledipegonsdigiag 8 or
sel ect i V|ty of the processes of Exanples 9 to 11 with
Pﬁchg'oga(%W%aratlve process using substantially pure
sec- butyl benzene. DETAI LED DESCRI PTI ON OF THE
ENBODINENTS 0029 The oresent i nvention is directed

. 15 JRAMWBNGN benzene by

jb(%fﬁrl:t ! ﬁ%ufe:pé&ggargét s@c-%tafﬁl %«%rﬁ%&o?x%gx@%%@ﬂhé&%@es@és of

ne en conver
Bxanipldsyd foczeitk tha odaaoagafativmprdresahdiyg attisantially pure sec-
ffluent to phenol and nethyl ethyl ketone. The
SRIRGEERf i nvol ves initially oxidizing the
%‘zsﬁ‘ ut yi:%%sz ¢ rb%nip%ré_%rtﬁg Ye& bﬁtlﬂrﬁ)eﬁ%r{ew&%r&gde selectivity of
droperoxide and then cleaving the resulting
hlw:l popesses iaddeExampleo éPutDe 11 heithi ébitr efda loempatativa cbroegshyising
et@%ltkﬁtone. L% ga% articular, the invention is
BHLBY Y PHE P ?Ve? at the oxidation step to
convert the sec-butyl benzene to the correspondi ng
h dro-erOX|de i S hlohl senS|t|ve to presence of C8+
GED >RIE : ecover ed
f the n reoye r
csIﬁ‘% I%*%s?h*s aeilé% i, 41%60%‘3 B st b foflpe o

tblueytlbemfzeﬁeeby iau&yydtbxgrliehﬂaleawdh haeﬁs; elk@Mng oigeﬁxe sﬁcﬂaaﬁ hlinear
Efgprated fromthe sec- but% nzene fractlog
F1 gt thep comperéing Hhe seccRumibenzape fesQysredeir® &hs alkylation

Q: ﬁéi“ % gﬁeﬁ(ﬂdﬁﬁen{em eﬂ{}@ kﬂe?dﬂebyTHQ RbEARLibA gn&h@es initially

ylati process o chemcally treating t
suemimng yhd sm:zlanglbémme |t@ praxmce iz cornespbrding htyﬂ@eroxlde and

fi h I b f )
S ERenE) 51 et Gre dpHIBERIS 1 SESERAR® 50 Fppm! and
adhyreadye keddhy. Iess than 50 wt ppm

[0030] In particular, the invention is based on the discovery that the oxidation

step to convert the sec-butylbenzene to the corresponding hydroperoxide is highly
sensitive to presence of Cg+ olefins in the sec-butylbenzene fraction recovered
from the alkylation effluent. Moreover, certain of these Cgt+ olefins have boiling
points very close to that of sec-butylbenzene and hence can not be readily
separated from the sec-butylbenzene fraction by distillation. Thus the present
invention seeks to obviate or reduce this problem by controlling the alkylation

process or by chemically treating the sec-butylbenzene fraction so that the level of



Benzene Al kyl ati on [0031] The benzene enployed in the
al kyl ati on step to produce secbutyl benzene can be any

waeownmeyssal |y avail abl e benzene feed, but prefRCEHBP2007/001206
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the benzene has a purity level of at |east 99 w%
nmore preferably at least 99.8 wt% O the inpurities
typically found in a benzene feed, it is preferred to
mai ntai n the concentration of nitrogen conmpounds bel ow

Ly +lefRTh thedee-bRtydb&izald frahiRIndecdeledroraRhe ARdation effluent
mai ntai n the concentration of sulfur conmpounds bel ow

19Eswthap A9 wippm gndarreieeablly lepethgny59 Witppgpm |
necessary, nitrogen and sulfur |evels can be reduced
by clay treating or by passage through a nol ecul ar

BenzenOAllGUdwon sor ption beds. Water levels in the
benzene should al so be maintained | ow, such as bel ow

B lwt  phen beszenc ramplgyese | 1Bwtheo @l Watwmstqpf to produce sec-
ggﬁééée{e caﬁ\{'ﬂ'*[_f,ee%1 e}J go%érc?ﬁfl}h@gllétﬁg %&% DYeddi hi élje?etré@{" the

y passing t enzene u Mecul ar eve
d:renmne Hab @3ty lewelbdkat! ladst 99 vette nnoxeqmeﬂemba)nyt least 99 8 wt%.

%b% hatic.or aro ani c coqp nd. hav one
‘Se HPBYRGS) t@‘&ﬁ&%“é‘ﬂ‘a rﬁg %epbqﬁ‘ét ?,‘P @tr‘é “étj Efb'iné‘"&?‘n the
rc%ﬁ&én'tt‘ﬁﬁoﬂ‘"of RitR{RA %%é%ﬂng@é’lb'&'gZS"'“@ Hphp r}n@xre%ferably below

Exanpl es of suitable al kyl ating agent's 1 ncl ude
rfbh et ippmi arsl, toguaihtags thiei qmeafmtﬂaume nésulﬁpmqrnmhés bglow 100 wt

but t 2: h I f
b sisRerbly btk bt I igetel: Trbe Syl tevels
tclaﬁ beutdRed %:ry hyAdrkatin ﬁﬁirw ﬁassa“g@QHroﬁgh Qi Aleyhla€$ibBRY &r other
and al kyl i des such as the g% chl orides. [0033]

Septianiopia Watsr gt indhe beizgos shoulhalsp b Maitsaioat fow, such as

RSP EAAPAPof AERYS0A1 6 Bt B B0 o

pletliad, byc disdllationcor bﬁ(ﬁékd’l@ tfe Papbhd dgowghda @hdlegular sieve
refinery feedstocks and by conversion of oxygenates,
h as methanol, to Iower olefins. [0034] For

I - OW t
JU04. i TheVallcPalifll! ooy D6 Hne i SRRBIE organic
coapkimd) hhving rwdlmemoteea‘iaiﬂsbleaalkylatﬂmg ah;ﬂmnccgraulh@edapable of
but ene str ate 1 e product
a{?% BP g1 ks, . PR Re &ttt LRSS | BAATReT hdyisable Co
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[0033] The alkylating agent can also be an olefinic C4 hydrocarbon mixture
such as can be obtained by steam cracking of ethane, propane, butane, LPG and
light naphthas, catalytic cracking of naphthas and other refinery feedstocks and by
conversion of oxygenates, such as methanol, to lower olefins.

[0034] For example, the following C4; hydrocarbon mixtures are generally
available in any refinery employing steam cracking to produce olefins: a crude
steam cracked butene stream, Raffinate-1 (the product remaining after solvent

extraction or hydrogenation to remove butadiene from the crude steam cracked

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



Table A [0035] O her refinery m xed C4 streans, such
as those obtai ned by catal ytic cracki ng of naphthas
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foll ow ng conposition: Propylene - 0-2 wt% Propane -

0-2 wt % But adiene - 0-5 wt%gutene- 1 - 5-20 wt %
Butene-2 - 10-50 wt % | sobutene - 5-25 wt % | so- but ane -
10-45 W % N-butane - 5-25 wt % [ 0036] C4 hydrocarbon
fanacikomeneo bl RAcrhd® Richhie ciaeikedebstefd) s@éar)y CRnatally, these
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gxidation|step. Thus, pridar to the alkylation Step

t| Heobutend x uPe’@%pr ef &by lare Os%ﬂ% ected 06%ut hdi eRS%
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[0035] Other refinery mixed C, streams, such as those obtained by catalytic
cracking of naphthas and other refinery feedstocks, typically have the following

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

[0036] C4 hydrocarbon fractions obtained from the conversion of oxygenates,
such as methanol, to lower olefins more typically have the following composition:

Propylene - 0-1 wt%

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

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

[0037] Any one or any mixture of the above C4 hydrocarbon mixtures can be

used in the process of the invention. In addition to linear butenes and butanes,



Preferably, the al kyl ati ng agent enployed in the
process of the invention contains |less than 5 nol %
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| ess than 0.5 nol % nore preferably less than 0.1

nmol % butadi ene. [0038] In agdition to other

hydr ocar bon conponents, commerci al C4 hydrocarbon

m xtures typically contain other inpurities which

aRese dnixeurdetrypioR It adnthi@ ddgponkite] Aldhois ROBEIEAS and Butadiene,
exanpl e, refinery C4 hydrocarbon streans_typical
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@{ 156 ?Pcﬂiué{ [P ABL Rt Wik b8¥ze et@ﬂtb% rﬁ?éh‘é@ﬁé &Qﬂch as
cess typi cal y contain unreac oxyge es an
V}ﬁé\ebusl)T ktu&:d Juts a9 arl inhibiver &l thy bﬁﬂsleqnuens beﬂandnhasp Thus, prior
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dinbi W QU9 PRl {511%1J tgrlh Qﬂ f%lltlgﬁ“éé theg@mm%{il%s #ay also

m x%ure of acet one and MVEK, g henol
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is 0.5 1 .nat d d .of .bi sphenol - A
sl ARG A0 PutedpE AP BRYH And RR e toval Remowal of
aulkfut, 2hiteBerst 88y gRhatt NEnRIRRENE EdnvembhdN FROBtcAl B dRSSr a
t han 1000 ppm ‘such as |ess than 500 ppm for exanple
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OO
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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



nol ecul ar sieve of the MCM 22 famly as catal yst. The
term"MCM 22 famly material” (or "material of the
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famly"), as used herein, includes one or nore of:
mol ecul ar sieves made from ggomon first degree
crystalline building block unit cell, which unit cel
has the MAW framework topology. (A unit cell is a
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trhatetial e §or. “nTdterial tod th Mg?Mfﬂsfauhlys o Smoletelpr eevd of thti MM -

ock an be in a r.eqular fashion, .an irregular
DN B PR ST o B BEaD: et fon ther eof :
ande MRHIBEHARSIeTdsEMESe TRAE 2 6nRAYN rfﬁﬁu(!léﬁeeoéry%@ﬂﬂﬁnﬁulldmg
-di nrensi onal or 3- dinensional conbination of unit

cel | s Hheakiuryt cteihlewmvumtanvélvhas khet M&Wo@yme‘{vomgpolvme (A unit

nDIecuI r. sieve.of th d,i.n

present pt cRadal a§”’f‘§?"’8€‘< ?‘rﬁ*}%%mﬁ Wh‘ {Lﬁe'Fﬁ‘ L n%‘? 8%%‘?“3‘0“31
si eve spasd d@cidbeshé ayysehl fsiriaaie. snctpaltyts@[ Birficthiediafdiscussed
d- spaci ng maxi na_at 12.40. 25, 90. 15, 3.570.07 and

3. 420.10thearrydasr ofideotite Framexyorly |TfyPF§§cFlP6he<HH% 2994 gthe gntire
char a%ﬁ&h?&r&ﬁ%ﬂ%@%@*mﬁ& & 18 %?ad ppd by standard
e K-al pha et

techniques usin ’of copper as the
I nch dendleciast atevez;nmaﬂel feorali & Ebmﬁto@nsﬂcend eigpiep padidivg block,
a scintillation counter ang associ at ed conEuter as the

col | edeimgp Synansionpbpling ofach MBW fimevak fenglogy unit cells,
fam |y gﬂ@%é@@@%%d&%%ﬁﬂ &ﬁdthicﬂnééss?rei’éstggtonm-.umt cell

4, 954, % escribed In
4, 439,tH0RNess;SSZ- 25
e 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 i1s 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
irregular fashion, a random fashion, or any combination thereof; and
e molecular sieves made by any regular or random 2-dimensional or 3-
dimensional combination of unit cells having the MWW framework
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 pattern
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(described in International Patent Publication No.

W97/ 17290), MCM 36 (describgd 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.
5nc36Bn® U 9pactdgMnBxintte ac 124ed. 25 619:9.1 9. &T#0.0N0 and 3.42+0.07
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cr%/st al lization process that prevents caustic (alkali

’dff%‘xmél’@ﬁl)es (Berges; an«H%CUéa;rﬁW@g iof the M@Mé 53 family are
N9 he HBAaG&P lchttaf‘y[sg 6%@% at&ilﬁ)é aIV Qﬁ BRAPGo be highly

CPI‘ yst I zatiom occurs. ation process
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LSS SR ALOTRSLS OTRRUNS, 0, Lo ol s Ao
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exanple, in a Ow reactor containing a flxed bed of

t[ﬂ%44d at aTFbstalkdbmpowtaﬂxsh car irichidg thenadlgaular sieve in unbound or

tion reagtor r effective alk
Stoourd ot droafbRboveiie e Fddila ol i B, Phbined in a
icaﬁbamhanﬂ thenme vath ae oxiddf biaderalbadk asﬁ@l@nﬁﬁh alelthat the final
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2@0@@011693&13@% sefitaing betpson 2iand 89wt esigve.f or exanpl e

b
1465 ol Py e
hedcheamerbowd tHat bf aachl oo fdrmivlatéd with biaderex a®qathea catalyst is
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seRYEMItlyoPrsP G DY A g 2RYeR S&fcrf/frte} 3B Progesse iy pafiicular a

RBporf HasE¥BRRIEafi6 0 BrdtBUhatprevents 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 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

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



to about 10, preferably from about 4 to about 9.
Preferably, the alkylating agent is introduced to the
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al kyl ation catalyst in a plurality of reaction zones
connected in series and diviging the al kyl ati ng agent
into a plurality of equal or different aliquot
portions, each of which is fed to a different reaction

7N elkyMdish endtldnsGihclutie & engpnstules of Yipin€ abbyt 6@ t® about
the first reaction zone. Preferabltaig there are 4 or
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genes ahd Yirst QeRtiosCond! PREFALIPSthetdareps &fr ahaiel dcadtion zones.
| east 95 wt % sec-butyl benzene, |less than 0.5 vvto/%
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cEoRaI A nbollad (R Re B AREnkiaeE i XPrel> U oo
l[@®G47] t ha’iﬁhé.Q@aM&ntppmn ber irexithpd ehd espot asd brwpanpiphty or
pr ef Ies than 30 wt, ppm. of but.ene ol i goners.
rem%tgm 015 HabiKe Ph#Sey P [°GR &2 @636 o i GRF,ffom niéntional

%@b%&ﬁfevﬁ diRYiBh %tlﬁﬁﬁ%éftleﬁﬁn élei?l%y c&ﬁ‘ Be BiduighEito EABt with

t he al ky ation reaction wl nor nal y contain sone
plaﬂ yeallity batalyst maphstion, wik tlwealld ofcapmar egasesear ditusntst such as,
feed an

i aB e AR R S TRISFRDY 1S RaEla0B g APteast partialy

by eHeliquid pidsen and recycled to the al kylation reactor.
The bottons fromthe benzene distillation are further

d9481| | elising télépw%ly% ansh alkyledipat coadisions idescribednibayg, it is
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e anoun present
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transal kyl ate the pol ¥al kyl at ed products wt
SARPTIses 7 leagePy, Wi, prsterably at least 95 wt%, sec-butylbenzene, less than

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-
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



maxi m ze the production of the desired nonoal kyl at ed
speci es. [0050] Transal kylation with additional
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reactor, separate fromthe al kylation reactor, over a
sui tabl e transal kyl ati on cat@alyst, such as a nol ecul ar
sieve of the MCM 22 famly, zeolite beta, MCM 68 (see
U. S. Patent No. 6,014,018), zeolite Y and nordenite.
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cﬂ B6.439), artdnixturoithergof. or The dransilkylstion neem@r ast uypgcally

R Wi AL RSP UL o PRSI af S TRE Sttty nghuge o

ttanﬁémﬂue& bf 16@3630bUt v4 BRRARS Q)ffITOQOttb omoo aifah@rwdikhthhourly
or without initial d| 'stillation, to a chenmi cal

tspacst wécrmtyprfolc@séo hr oon ¢etalk fred,Hand) eberizent/polyalispiated benzene
ol i. ner s d:ally the treated fraction fed to the
&?I%htr?b%ognﬁ) shoul d contain less than 100 wt ppm
preferably less than 50 wt ppm nore preferably |ess

than 25 wt ppm and nost preferably |less than 15 w
MTmatmntef%fq-Bgtylb@@an han 0.5 wt% preferably

[ﬁﬁsgl]t hagechJtylbenzene 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



w % of isobutyl benzene and tert-butyl benzene and at
| east 95 wt% preferably at |east 97 w%

WG em7housys benzene. [ 0052] One suitabl e chem cabCT/EP2007/001206

10

15

20

25

30

treatment to reduce the oligoner |level in the

al kyl ation effluent involvesjgontacting the effl uent

with an acid, such as a mneral acid or a solid acid,

at a tenperature of about 0 to about 300C to convert
tseebotyilgnp@icsfricdion) eichedvattosr withartdnitial distiBstiod; t@h chemical
sul furic acid)). After neutralization of the excess
ArAHNGIH dprogess, ﬁ@é@glgglﬂgp \;\%{glmfr{g{tergﬂ}qgﬁgl’ersan’gyplcally, the treated
JEkbh B fsle phlaiiEh bhie by BB o8k 100 S HrtiGRoly
rlesduhan SO evtgipnganere prefeedbly tess hikaral X wt gtping rand frhdst gmeferably
i.nvo| ves _cont acti the effluent with bydraogen in the
d?SéstEm > g1t p&’n&’a?tj;(gfsfs?l,eﬁ§§rclﬁssa'§a%\6nr§o}?{lﬂp’ RisSIROLY Jighefhan 0.1

Bl drii ibRinyBbdreEld MR1 R RALIYEReRe LE aClehGY¥BE B4, preferably at
Sui t'abl e conditions include a tenperature of about O

tleasaDowt %2 6@chutplbpnzess.ur e of about 100 to about 1000

nd hydr.ogen,t o.hydrocar bgn | e ratio of about
SO08eA" D SEHETE b G RGP RuE b lfi@o e AL in the
talI8 At TONETThént (BHICE doRfacBhg SR NuéR\WEth dadif®uch as a mineral
al Q/l ation effluent involves etherification, in which
talg

erf f# |sghéhtacids at artemperathreviof labeyt Gt eb@it, 3090CHo ppnvert the
r{>":I‘it Ql%répsl tR a?ctohglsto? %Bg{sa(te.“'f Sst Orfqt%g&ﬁ]}ic gglﬂ)t).o Aa}Pe(? lf'l%ut'?)’gl(%gtion of
ang i n tné presence of & chfa yst, sUch’as an ron

aneE BasReLadi@ and) .if héeshty Aasin®idivinp Oamdadistilhgioa e @ffluent can
treat ment processes, such as conbination of acid

thedad tathe oxidatio slebgenat i on, can be used to reduce the

| of obi < i i Ona: .
) " ka5 O i L ARt
[alIB48]onl effloerdanvdloescaomvaeting tlivce fflaentbuitly hppdmogemm thetpoesence

phenol, _and net hyl ethyl ketone, the.sec-hutyl benzene

5 FataBil 1523 di SR 10 T P SIS BH SApetive o satarate the
Y ZoRRET BidBle chRlifiohs iRARRMMRENPAAHIOYT Asut 048 ahA\E 280°C, a
oxygen-contai ni ng gas, such as air, into a liquid
phressereceinatwiuh il g te bowte tOMLKEA brdh 28nelrogen| tokleydrocarbon mole

cumeng..at ri;c_air oxidation of sec-butyl benzene
iTA1Y ﬂi:aba%gg'ﬁ@g?oo?bo 1’?‘ig‘t alyst is very difficult to
qobs4ve. AFffithex bk, cldimiddiQteatichtab raduteSAB&ligémer level in
pressure, secbutyl benzene i s not oxidized appreciably,

whe pikylatia réflesat dnvadyesvethgrifigatipn.indehich e sHent is contacted
%?lﬂ{jhﬁ :g]if?:'aﬁol, éﬁcmésgglg{htahglm? ?%rﬂé&%tu%«b?%ﬁl%u? Z%fto about 300°C
atnospheric’air oxidatioh of sec-butylbenzene

lanp o theiredenvesier catdlygheaich tae ap doradxehaseaksn. produce

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



significant |evels of undesired by-products. [0057]
| nprovenents in the reaction rate and selectivity can

wheooaodizss/ed by perform ng sec-butyl benzene oxPCHEPINT/001206
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in the presence of a catalyst. Suitable

secbutyl benzene catal ysts ingd.ude a water-sol ubl e

chel ate conpound in which nultidentate |igands are
coordinated to at |east one nmetal from cobalt, nickel,
NEARMGSPIRSIE ,airCeXidRion @’b@c%b@ﬂben&&&ﬁ‘mUbSabﬁﬁt@ﬂf a bralyst i 1s very
4.013,725). Mre preferably, het er ogeneous cat al yst

i diffyeadtqto ‘Sl!ilﬂft"&bl Eom@%aémdg,eﬁebw%m%pygmosah@c pressure, sec-
cat ap&lj&t%g? g&éohj ngdégﬁﬁg)&%xo ‘y’g‘ﬁ]‘@% e%é%et r an%g% &%“ under

nthe gane senditony. eXt kigher tsmpe@turathe mite NO atrﬁosﬁﬁéh@ﬁ@ oxidation
wher ein the catalyst conprises an oxo (hydroxo)
i é@‘eb“ttflé’@%‘?ﬁlﬁc P@B‘io"ﬁ%t PWEYsTp| gheTalsmRETaturgsx algo  produce

f ore being a dival ent
@@FCM eglg%se rom ébglpt)@&téé, Co, N, M and

r(iOQSTJr es Iinpmvenien&nd the mdzdnaon mﬁttaaalnd tselenngy tan balaeimtved by
sel ected from | n, Xt ur es

tI?‘Fé EBIE SFr OB RE P UG Pdbe Biesekr af Boaishy Shble sec-

¥1b&%ﬁ@°éa@41§é¥s NRERUE PYwihtel-§516616 €chdHOO@ImSIM- in which
suitabl e catalysts for the sec-butyl benzene oxi dati on

smultidentatet hgans fayel momyhrsmdstq aulaast oy Imietali fingrdecobalt, nickel,

R ABE at bR ey (o o S Al N I 352). More preferably, o

NIéféfdgé?PéMW&diﬂblbtﬂh WSed. 4samvwn&dbw@el@ébmp RbtaB)stsMiré@escribed in
3- am no- N- hydr oxypht hal i m de,
e mw«waa%ﬁﬁhwhaqemtgecatalyst is an oxo (hydroxo) bridged

E@rﬁc@%‘,@ﬂﬁl %ﬁ,&%grﬁﬁﬁ’dr oxy ri mel I %‘Rﬁ%gyﬁéi@%em the

Nealul ghit @Kmbﬁsb'sermeoxo](h&dibxo) bndgerdtxeoraﬁncther metal complex having a

N, N - di hydroxy(pyronellitic diimn de)
dPRyd r”&ﬁ&%‘ ‘l?é‘?az%‘ﬁﬁ’é%‘rfétl the goresbeing g ét‘fagf'elém%%!);pﬁeeted from Zn,

Ct':l!l rped@}) NN‘ l\bﬁf ‘%@ﬂ%ﬁ%‘tﬂ%x‘g@b’ and another metal bein adtnvalent metal

pyr’i di ne:2,’3-di car boxi m de, N-hydroxysucci ni
Netaythdd’xgt(ntla,r]t"earl\rln, Gayg Aiband mixtures thereof. The entire disclosures of

N- h 5- nor bor nene 3-di.car poxi m
b e e
]{bbﬁgt 5 (BR&-sRitble caRnRX o tHSec-butylbenzene ox1dat10n step are the
roxy-ci s-cycl ohexane- 1,2- dicarboxim de,

I\Nﬁydmwubmuwd@yeh% heiden described i Ak BoRatentdeo. 6,720,462 and
di
TR L AR 38K Rrprphptmids, gamino--

d@tdad)wphthlaﬁmﬁﬁd‘lydr O)QLBﬂﬁiﬂbaNl-h‘yd@l@cypﬂﬂﬁhhﬁde sui t altrebromo-N-
catalyst is NN IIiidr oxyi socyanuric_acjd

THEs YRhihahmides teta%?hbgo Byd r@ﬁ%halml@ﬁel\bbyqrﬁxx*wamlgg N-
AL LR Tk R SN S L e s
tricarboximide, N N' -dihydroxy(pyromellitic diimide), N,N'-
dihydroxy(benzophenone-3,3',4,4'-tetracarboxylic diimide), N-hydroxymaleimide,
pyridine-2,3-dicarboximide, N-hydroxysuccinimide, N-hydroxy(tartaric imide),
N-hydroxy-5-norbornene-2,3-dicarboximide, 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.



supported on a solid carrier to provide a
het er ogeneous catal yst. Typically, the Nhydroxy

waemgndBet ed cyclic imde or the PCT/EP2007/001206
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N, N, N'-trihydroxyi socyanuric acid is enployed in an
amount between 0.0001 nmol %i{gp 15 wt % preferably in

an anount between 0.001 to 5 w % nore preferably in

an anount of no nore than 2 w % and even nore

[Prefefdb®p)| the dafhlysd 8 TOH Hro‘ilgﬁxlﬁtﬁalﬁfﬂfd% t habther Switatfte cafalyst is
the sec-butyl benzene. FOO6 Sui tabl e conditions for

' %éhlﬂ?uﬂWWﬁ%@ﬁEH@m@ldatl on step include a

HBORA" 50 Lhfec"HRNARR AR ukd Hmal DoBP BY in F bressitdp bt Wree
tradiaslanitiald? antl was bb @s&basy Rfhid-phdf20Rokbgdneodinyatalysts or can be

oxygen-contai ning _gas, preferably air, can be used as
tHBPRIGdAT 3 FRJidwadiente Provade e heteragsneons caiakist pT wigally, the N-

0 u of e
] BRRLGS Btk Rhiad 13 Fro) KN ERINRIGisBrgABHE acid i
ympo pediunt sn tahmunnbytv\fe@nm ohoi mg»l % o oS dat%ppreférably in an
addl ti eoys phase may i ntroduced, whic
Bi}W& 208000 Bayie: I@@{Fptasf?a@ y gphameunt ofing more than 2

’905}&% Even TRBroDEErPARS, HORSHSHANA b hdFe M dRLOR, of the
step I's preferably kept’ below 50% preferably in thé
rsaadetydfenagreut 10 to 30% to minimize the formation of

ducts., ,[,0061]...A ef rred ction co uratio
666 o St gSidians o i SE b ELP R G EE iitfude o
|tbﬂyéﬁt&@§6@%ﬂ GbbhtOT0 N BSRE 200, fueh A€ &bo@mbw fohabout
al r |ntroduced near the bottom of each vessel .

ged 8 mwult@eofu@@dlt 06> tepbs Ohatmespheres (SrOe@ctQ%hkPa)
d«lix‘r?} %@gh%bnlaﬂ%n gﬁsﬁ&é}%}aﬁﬁf édP aﬁ%g‘?is&gaé’ ﬁ]%s%@z h medium.

e’ 'so ’sorb eds

CRHet résictionrcga makeplsderin aetl reattorefor thitimueas flo@rersselAsbasic
These organics can be stripped from.the sorbent beds

andferipg (ggalgmay henaddseofoereact wib acutic ByrRrrdty dipé may form
e REE SRl TR AHGHR n%va %o&sg@%@ H yb%qmréa{ﬁb&%lxh can

to a“purity of 50 to usi ng one or
reie dssaper haoc scanmpoamﬂumhopermdnmg edrbonate. The per-pass

icg) ge%%a ﬁg gﬁéz éﬁl@gti%ﬁ gt%[? ﬁt% Srqrf?r g‘ﬁfy q@gﬂbfglﬁ ? o, preferably in the
QREdSRBollY I @PROD @kﬁnﬁlg@mqsnﬁé}%?df bipRdutial

reactive step in the conversion of the
d806Hut y Mopmaiested reavtion ;@héﬂgurawmlmemﬁg/thr@q toysix keagionaessels,

hw;i\él} lheqs u(l:ci G as\éz?c\%ﬁ% %f mt gnee vessel l%l 'il¥ 1F SO ZI?(? w1tth a(ljr 161troduced near

oper e IS convenli en
qn@baﬁ&mrtsf dable vBysel. OplestOesictgngard thagl béalsaﬂ Y& rerhévd the heat of

liquid phase at a tenperature of about 20C to_ about

fsertion. 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, typically to a
purity 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.



such as about 40C to about 1200C, a pressure of about
50 to about 2500 kPa, such as about 100 to about 1000

whRw7am3ssa | iquid hourly space vel ocity (LHSV)PGHERHOTON1206
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t he hydroperoxi de of about 0.1 to about 100 hr 1,
preferably about 1 to about_ 50 hr 1 . The

sec- butyl benzene hydroperoxide is preferably dil uted
in an organic solvent inert to the cleavage reaction,

Hydroperoxdd@leacigyyl ketone, phenol or
sec- butylbenzene to assist in heat renoval. The

1962} age The Sagl sACt S Hem Vb Hieeronn grstoprrfube sec- Pﬁthbenzene into

g)ﬂgx?chyli n%tﬁ%l' lef ?75 QRN vol&e@ogﬁ% aEée £ zHlée‘ls)éé—'i:)uts‘ylbenzene
oye eavage step can onogeneou

Gy tiripyixide; v&n&leisecmgemenﬂg effettet st cor{tﬂ@ﬁg] thSlhytiﬁipleﬂ)mde

honogeneous, cleava%e catal ysts include sulfuric

peHtmryalyst iadhel hqw d&lﬁﬁro%tu ctegprerturm Pl ebet| 20F - do ébﬁﬂbt 150°C
F
2Peh B5 Bl S5 oy fBuE 3 e BEEEE of AP fs0 A0 2000 kP,

aLsPaLhb R 110¥ 0 APSMIDVOATER MideANGHE HoatllspadeSvelddis (LHSV)
preferred honogeneous cleavage catalyst is sulfuric

desed, omtherhysrereseridel of abres ik T i il 108 hehepretonady gbout 1 to
abQ t h?l 5 "Ivﬁteo/ge b% r%er a%?@r%ggli%f(ﬁﬁe gt‘% ?4b¥atdlluf%d n an
age

neu izdtion

Sir@uc §il(26h1t meﬁiﬁwthableaadgeQBacﬁioﬁpsdchms @dthyl eithiyl &etods, phenol
contact with a basic conponent, with subsequent .
PEcEFhURYbeIZene s iR tasgfy g h'é"d‘t GOyl phbg ecleqvagpgpadiion 1s

%Bh&&ﬁéﬁlﬂghsecgﬁfta%oﬁﬁ 1588 & %ﬁ%}l(jnq{mtuse in the

cl eavage-o roper oxi de includes a
40@63]i t eThe agtalysu (empdxwednlnamedclmmgmtsmpr ¢dnl beiat Bomogeneous

si|ica-al n1na clag agldescribed in US. Patent No.
Aagiyst ona! ﬂ?ﬁgﬂgﬁw FHaYSScl osure of which is

{066 POr 5&%1@65&{18gé?1)é01ﬁ§f&5ﬁ/@§@ cdtPO8] inkiheieC uHtarid/Elcid,
and crude phenol fromthe cleavage step may be

mtqhémoeelcld,opmsphtm apids ihyiloghlooia acid pn@du@élqngwlfqn@damd
| ﬁgﬂ%gggdp SU 0{0§1 It,]rbf:ljuqn bl esu 1l1’|rr Idiolxcl: et Iar%] SRIRE idxide are also

a serres o

@ftiivd mm@ghnkwﬂléa\lage %Q@WS@I eT Hégite fometd ﬂi@ﬁfdgbnédu@ Rleavage
ot her speC|es hi ﬁheferred arrangenment, a crude NMEK
sotabystis s fuﬁ%éﬁld@\)‘@ RigEETTed f@NEFTERR lgab}rb@@éanseoof 0.05 t0 0.5

ffod Nep, i el PERDUE 2 N t p&@blfn
S%ﬁ%ogéﬁggﬁk#%kpr ugépg ??%fghegﬁﬂgk}gﬂhé¥ ur%:{e% orows
MK cleavadel $tefnl Sudhoa neatralinasiof stdphpicaigsinvelves caigtact with a
ol vent. [0067] Phenol al so separated f on1heav
Hagie ICP@HP’%?nt’s‘tS‘é‘E ﬁl&seqw&%ﬁaﬁvsjof hEAsrichad ageeus phate.
qbe¢a{ed AN s@idb®l WaRrd¥ehBoust Sathgtt RIP ARETRAlRM c?éan%e of sec-
tenperature in the range of about 270-370C. A portion
dfutydbénzent i lpmropectwidn mebidbut 3| deertigneclay, such as an acidic
montmorillonite silica-alumina clay, as described in U.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
purification 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



which is recovered during this purification process,
may be discarded as a purge stream to reduce the

wheioraedssof conponents such as tert-butyl benzePer/mpPi0011001206
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boil close to sec-butyl benzene but which convert |ess
readily in the oxidation stgg. The purified phenol is
suitable for a variety of uses, including the
production of caprolactam of phenolic resins, and the

reNoVelgdai et afdl 1iBh&p b&ﬁﬁd)neﬁts Vﬁ‘?r@hué‘e@mﬁbﬁhé&smﬁ OTh@jerified
pol ycar bonates. [0068] The foll ow n les are

é\fﬂ:} As ﬁlatrabiq fou 3 emeus fyehgyIspH S aqA 80 d@)mnot linmt the

3009, P UL B PP b FATPRNG 1Sl P

&dﬁi\i’}t en:ds a@é cﬂack&iltxﬁ‘ﬁ] eofutfib®@|th Atstoupheogdrattd as b té@érﬁﬁ?lre in
om nal conpositiqgn of 80% zeol jte_ and

21@/5%? @é |ab@'6027&r%7rﬁ fa, Adertiqiele figcton geh e gechutyglbspgene,
HicsSec e%écﬂournsé gig #T“guﬁi\ﬁéau%' ‘?&e@g rggp&a ﬁﬁEar?ed as a purge

m ni mum o re testlng 5 "grans
cs&tah,ytstredmrthabmldxg) <6J£ cbngronntsts sﬁc}zesoﬂertttm)ylba&eh@ avthéndh boil

t 25- f t, 8-
SaeE a1 e Seitenvans BRevPRSIop B R cihdly B thepigaticn step

%E'ﬂurﬂfféé%@nélnits Quithifle 3624 VORAY Y%f %@llﬁclﬁ’(ﬁﬁg he Brjoégctlon of
grams of reagent grade benzene was added to

l@aplolacmm od] phevolie mastrsy andrthe mamqih@um&mplmgbﬁb Mghich can

\é\;a ﬁ%t al Ieedll n lghe aut ocl ave reactor and seal ed. The
Stué'f‘l ROV WE at ed and purged twice with N2

[0063)SUr Bhé P10t ihgBRambRe a8 gideh fdrf iR ttdR e pRAsbssPaEPdo not
The batch reactor was then pressured to about 200 psig

(mugthelsrepe ofitheinyeniien.ensure proper seal i ng and
absence of |eaks. Pressure was reduced to about 50
psig (446 kPa) and about 100 psig (791 kPa) of N2 was
Exathple 1(Uaniparative)el y del i ver 25 granms of reagent -

Fedbatyllbbatene 8yh hebis avith BICKHEZ2 ¥9s Siable-stbp aldRionajrah
RR&ieOr - The benzene to 1-butene ratio was 6:1 by .

wei ght and 4.3:1 by nol el\& 070] Reactor contents were
! at A190wle pinfigsh MEM-? tatadyst i 8i namypglgeomposition -of

'8'65’/6 'z%&%te ;%‘21358%1 W dal'S 06 Mfifind? ex*nt&g @tté‘t iégg%é‘h (L8, pm)

Feactor was h I'n out
Ziﬁhnmtc_érut}amdes iforgn, aw iy ddedanmab ¥ att o ahidraumosit 2 dloussr before

R i BGEY af relys] RETBBEC) ApPeRBypb Zhplge) as Toaded
ig@ﬁﬁé?:ﬁst% .95 ARhVE s 6PN 8- G0 R il mar il Fflously
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.



adding nore N2 to the system Reaction tinme-zero was
recorded fromthe point at which tenperature and

w@e@smesss t argets (160C, 600- 700 psig) are atteeTEP20aTION1206
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stable. The reaction period for this evaluation was 5
hours. Sanples ( 1 cc each)_jgere taken at 1-hour
increments for GC analysis. At the end of the reaction
period, the run was discontinued, the reactor cool ed

[G07DI eREacks dntdn@werRliNel it thO@ikF-)prhlvﬂﬂi 8 veftidlg positioned
recovered for GC analysis. [0071 oduct anal ysis by

mpv@épg lpeated lrmhet qﬁ@teassmh@tsta@nnarmam@&mb@m i &he geactor was
ht.c t he . vaper
DB PP b BRI R 5P GELoA e o

mﬁﬁlﬁtafnﬁ&dlsta‘ﬁt Tﬂ&npﬁaﬂdparﬁﬁﬂi}m@&t&ﬂzui ped rvchihgatebipetature, the
colum (60M 0.25mM ID, 1 mcro liter filmthickness
pngtoarpresspyequaseicEasedatopbetwes QP pid €00 pyet(# 830-574Q kia) by

@gégggr orl® th The f‘egn ORELti ‘?{n‘f@kéf[}‘%va%r}gcok&“e% f8 'tHM’EQ&t at

tur prog am was used to performthe ana
iwhi€lc tangperathicharidd pregsiire tirgbd (@60%C2 B0O-TNPsig) ax&(i(ttmmed and
to 275C, hold at 275C far 35 m nutes, Respgnse factors

gble- s repfioropaiiad fopis Al iaNcHA S haUigo SPElEs (1 ¢ cach)
WPQ&&'% 1thuxI RRrMORYESr GBURSINIS OMEMS! @A YBfhe reaction

determn y neasuring unreacted butene relative to
fpeadd bb¢ amewaddiseontinted, kairdactoncedled wvahbiani amdgfons and the

le., 1 catal § ed in Table 1. Table 1.
i prooes e B REMAYS of 1 Butene in a
Re it
EM%E Pﬁkiﬁét drﬂg?{s% %Igéﬁwgsafgls%d En &e%s&arggtg%rptggt %4@&%%011

ot light ¢<atln’>@ent83n4h@ vap@ phage waslc@htl@aiéo tepseatissobied ineliquid

Pliast, Theamatis Wit eriehmgd aSBEdR S 8538 0 nfoned ‘g‘.“é?d)B'l

QolunB3(40M, (. 35rﬁmllI§3l hidr8 itédA K tHickhne®S dddlan3PIDDdéteder.
0.1 24 0.1 35 C8= 669 1.498 1.31 9 1.163 1.128 -1
P micry litey pegiaom Oéﬁbe Prodist ovas7gyectady en@ﬁleAMH% aud the

bt aa b AR o0 Py Bl g g wih
@-@iirite hold at -20°C, ramp at 8°C/min to 275°C, hold at 275°C for 35 minutes.
Response factors were used to convert GC area-based data to actual composition
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 reported in Table 1.



t-Butyl benzene 0.034 0.035 0.038 0.042 0. 046
i - Butyl benzene * 0.000 0.000 0.000 0.000 0.000

W@ 2@angdssenzene 90.1 13 90. 703 9 1. 050 9 1. 089rGI/LPATD001206
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n- Butyl benzene 0.01 1 0.01 5 0.01 3 0.01 5 0.014

Di - butyl benzene 7.01 2 6. 59k . 459 6.636 6.526

Tri - butyl benzene 0.355 0.299 0.353 0.381 0.349 Heavi es
0.028 0.1 94 0.1 38 0.045 0.031 Sum 100.0 100.0 100.0
10@able 100METN-Bukith BaizzeSp (ABRitidisf I-Buteie in BBathlRdabtor
% 0.038 0.038 0.042 0.046 0.050 i-BB * /all BB, %

HU&%&’o&’St}éQH 0000 0.00Q 0. 000 5,BB/alf; BB, 7% §9. 950 5,
99, 940 99, 94@ %9 937 99.935 n- gE/aII % 0. Q

ofﬁ 0005 3700'5Sum3/o ‘
Al P‘e%ea‘%?meé?“ i1 ected B 1600¢ T600. 7€ psig Wih 159"
g PofludhBetectivite withd 25 g of 1-butene. * i-Butyl benzene

| eseButanen 0. 5% i n t ot &-09But yl B€hzene ®eAE det d¥abl e 0.039
wi t B@eused. Exanpl e @2228Conpansad i ve)o.58c- Butoylsbenz enas
synthesi s usi ng MCM 4% bt h siongd e- st @pseaddi to1om of ohss

But gne [0072] The procﬁé‘e‘é of Exggpl e 1’131\yas rapgat ed 1 12¢
but u5| ng a fresh MCM 49, cat al

wi th nom 0.079
co 03|§| on of 80% zeo e anéé%% Ver 30(?161\ 'Qf”} ]
ext PEAEATS A9™ES nch TVFPi nde? 'Por m r& portea
in fat e 2. Table 2. 119 wi P985 ngl %Qeét ep /Qd)a?tl orf-08
of Qumweene in a Bat chHP-REact of-OMHpurs %9115Strez9rﬁ1§ 0 2.008
3. Ot-Butybebzefe Feed Bz/ CA-03¢\¢i gh.08&ati 0 G0B 6. 0 034D 6. ©.046
6. Oi-Be@@anad ‘C4= Mol ar gabi 0 40306t. 3 40.&04. 3 4.080 But @mweo
golnyﬁﬁ l')éﬂfbne%wt?g 8 22t981&9000&3703 82593901&)62?1%10%85 91.279

e tl¥dnkehe 0i - Butane % 0 0.014
giu@lbegn%ter%ne 0.203 0,34 0. é19 ;'5% 0.1 3% 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
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.950 99.945 99.944 99.937 99.935
n-BB/all BB, % 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 Wt Ratio, % 7.8 7.3 71 7.3 7.1

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

[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.



C5-C7 0.187 0.146 0.1 30 0.1 15 0.128 C8= 1.484 1.302
1.201 1.078 1.068 Cg- 11 0.1 17 0.1 12 0.094 0.089

w@20869352= + C10-Cl1l Aromatics 0.1 15 0.1 12 BCT/EBD07/001206

10

15

0.1 03 0.1 14 C13-1S 0.082 0.070 0.065 0.077 0.090
Cunene 0.01 1 0.012 0.014 0.415 0.01 7 t-Butyl benzene
0.036 0.036 0.038 0.041 0.043 i-Butyl benzene * 0.000

0. 000 0.000 0.000 0.000 s-Butyl benzene 90.296 90.872 9
1. F6dle2. IMENE-49 Wit Single-BtebYA RGeS -Bufthd ik a BhithR &t tbr

61“&%%”1?%596’&;& benzene 0:368 0.384 0.3 0.340%8. 356 59
HEeRA BBSADWeIg r¥o 047 0. 6P6 0. 026°20. 028 <um 10086 100. B0
166:dBz/DAOMOark80. 0 s- Buthd benzefd (BB) 4uritv. 4% 43

t BRBictonveddidn, % 0. 040 0740 0. (822 0. 0459.6. 047 si;arzBB * 95.3

! 81,80, 800 0. 000 0. 000 0. ooo 0. 000 s- BB/ al |
% 99,9 9,943, 941 5 938 BBl al ly /o 0.041
0.01 016 0. 01 5 OE%’IO > sum 0 145100,

100™6"3%0. 0 100. 0 Di tio 02138

7.2%%1 Al sanpl es co‘Haect ed Odf‘s 1600‘321 600- 'PO1(35 SI Q.28

wi t Re=150 g of benzene B4 25 ¢-306% 1- bt¥¥ne. *.078 1068

i - BG¢y| benzene | ess that170. 5%0itm2 t ot ad.0But y| [9HdZene 0.086

not cgdet eglicatdrénattst h GB.used. bxanpl e @100 0.103 0.114

SeCcQUJ yl benzene synt hgghs W iolyzdCM 220@8nd  0.077 0.090
aged addi t| on (pgﬁequalooaimunt

EN€ 017
[OO further g({&gw samaOGOf tzgg dne%olyp\/kzzo043
np e

cata W8%8d in Exa € 1 was [ oaded tvvee
0. 258 ﬂP@PFePeayers of ine¥®, 8-§P°Pt quatt? part0°8?es 0.000

t hat-Bybeszg9e evi ousl y &P P¥d at Olsﬂc ur'#p4 | oa8kefsi nt 001391
t henButgbenommar y sanpl e Ggket . 0059 gr ad®l4of r dddeént 0.013

gr adbuyparzedre was addeshgvo a 6083 ml  b&seoh 6.564 6.486
Tri-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
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 7.1

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



aut ocl ave reactor. The sanpl e basket assenbly was
installed on the body of the autoclave reactor and

W@ 2wl eeB3ssThe batch reactor was evacuated and pRETERR2007/001206
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twicewith Nto ensure the elimnation of air fromthe
head space. The batch reactogyp_was then pressured to
about 200 psig (1480 kPa) with N2 to ensure proper

seal ing and absence of |eaks. Pressure was reduced to
abithuN, 56 epsiirg ted dlbmitRAbipn aifi dirafipér tthd BGadospage.( THe baké) reactor
of N2 was used to quantitatively deliver 5 granms of

reasdhen Prssaed to-aheub A0 pyig il 480 kR ity Ny é%%l%v_rq poper ssaling
2805B:rP0F Rl | ol W52 54 lcc RPURR S0 Bl aZh P Bld sbou
1 190t peég At lePa)aff Nhwasuiadd mnquiantisaivplyeddievek 6t grathhef reagent

reactor was_heated to 1600C in about 20 m nutes using
ﬂb&obL%Wﬂ%B’P@ HENSET HFese B s hatsh teaftomi nt ai n
90074

éant ReATPr EGHiEt@Wrd RITRAN A1W08 i 2k ar\%ﬁmil?%ositioned
tenperature, the reactor pressure vl\gs i ncreased 600
amgpel&Olopated) if 4%50enb&rAdf thPa)atioparyddimypde basket. NThe geadter was

et 1 B2 abant A et pOSRAr G hIE s Paee cbitrller o
GRANHGAD oSt Bmp Ald ahd edhpdrstusd aRr rBhchikle t@hsbraiire, the

1-hour, a 1-cc sanple was taken fromthe reactor. )
Anastorepresurg wias insfreased e AP0 gnd de0 psizufdhe-5nae kPa) by adding

uanty tatijvel y deljvered.froma transfer vessel int :
e Brhy ey Kot imk 200G e BEREN GORL G nolt) el yhich
kelpératige astiprichsufe RF@ELAGDEC V60H-T0Dl gsiyyete attdindd @distibdd. At
of 5 increnents (including the initial 5 gram charge)

dhe gudaf bheunar ecagrmerie tis taken  feye th reaqtae Anater 5 grams of
JSARST B S AUALSPR, (1 R,YES iy olR| BhingB iy o
vimschSrehctor. s Thidt stépheisersampling rad rlegati d+sbupsmeiadditionh@ocedure

run s discontinued, the reactor cooled to. anbien
CORRONPWEAL UBRkP ot Ot(%ét meremetsi @‘lcﬁvcﬁ%&e Pt @rem cheree) of

aANBh¥sd Serd MMdc8NE MAleaS@PPITRS NI BerBki@ tEYButAL §8tio was 6:1
[0075] Product analysis by GC and data anal ysis were

ibjeweightiand 4 3tlhys motkesthé il reactiBraepbd far thbagvaluation was 5

bt ai n fromt eval uation of, Exanpl e ;3 cat al yst, are

UE 188 e, S B SRt bk BB RS kRl s FgFotor
Agdiddi toinf¥ient -cBHAiEBAs hid theBatat NigiAasb@ict iMeddveredGC analysis.
Stream 1.0 2.0 3.0 4.0 5.0 Benzene Wi ght, g 150 150

Hggrensptal spnBes wes alsei qyiatuated. 5 10 15 20 25 Feed Bz/ C4=

AR g inlyig ) 1, Sd: el HalyBE B MBI BT mose

described in Example 1. Data obtained from the evaluation of Example 3 catalyst

are reported in Table 3.



But ene Conversion, %94.7 95.5 95.9 95.8 96. 6 Product

Selectivity. wt% i-Butane 0.048 0.040 0.046 0. 040
wW02®3093358ut ane 0.1 67 0.1 32 0.1 58 0.1 36 0O.HCHEEHOTN1206

0.442 0.233 0.204 0.141 0.109 C8= 0.721 0.397 0.322

0.290 0.287 Cg- 1 1 0.035 0..81 5 0.025 0.037 0.028

C2=+ Cl0-C1 1 Aromatics 0.069 0.038 0.033 0.035

0.042 C13-15 0.024 0.01 5 0.022 0.039 0.037 Cunene 0.1

5781054 MCORR? @it Malti0Stadetl Addtiby bbeBigae 10.a08dAcOR Oa3or

0.061 0.059 0.057 i-Butyl benzene * 0.000 0.000 O. 000

OO0 B A00 S- But yI benzgge 95. 35,7 95. 689 94. 853 9

68, n- But yl benze 0.01 0.012 012 09
Biﬁ‘d‘eﬁg %‘ fyl benzene 24%@29 3. 189 4. 083g91 912 18‘9771

TPi’te’B’dY%A b%nzene 0.1 83%. 121 0931 0.1'72 0. 1%7

HEepdiBe&4DVegB Reticp08 0. 28 0. 014'5®. 022 IBth 100.7P 100. B0

166&dB2/CHOMParFB 0 s- But2tlbbenzen®.7(BB) Pgitv. 34 4.3

t BlRBeadohveBRn, #0 0. 068 0.9aG6 0. 0695.50. 063 999061 ig5.BB / adels

Bs,oduége,ég QwpO00 0.000 0.000 0. 000 s- BB/ all BB, %

9 9.923 9 8 99 oYo
8013001300@982 %§ ﬁ Bi O?Z:’

10078"9%0. 0 100. 0 Di - BY é’

5. 26652 Al sanpl es coPf&ct ed 29@3?[6006) 2%400- 7?)@)‘” SI

* iCButyl benzene | ess £fdh 0. 5%3Ph t ot &P22ut yPEﬁaneﬁéW

not Cdet ect abl e with GCo0%ed. EXanpl e 40.025 0.037 0.028

Seceput gllognaenacssynt hesés wit fb.oBM 49006330 0035  0.042

mul gL5.St aged addi tion ghaequal ganpunt spedo 1- bgivRne o.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 2.729 3.162 4.083 4912 5.771
Tri-butylbenzene 0.183 0.121 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-Butylbenzene (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
s-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, % 29 33 43 52 6.2

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 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.
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[0076] The eval uation protocol of Exanple 3 was

repeated but using the MCM 49 catal yst of Exanple 2.
wah@7oesss ts are sunmmari zed in Tabl e 4. Tabl e 4PCTIVER204D001206

with Multi-Staged Addition of 1-Butene in a Batch

Reactor Hours on Stream 1.0.724.0 3.0 4.0 5.0 Benzene

Wi ght, 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

FGE:!I)I@Z/ I@@‘MNBN@;th Rﬁﬂﬂl-@ta&ed A&ld]tﬂ)n7of7l Bu&né uﬂra Bafch=Reactor
iMe 0,041 0. 048 0.042%. 045°8. 038 rtBut ane >°
o.‘i’%ﬁ‘ed"%tsgo 144 0.14%%.1 3‘%"‘_9 cs- CPY0. 485 '§Y 258 o‘io
eRutereVeithte 1 05 c8= 0.%50 0.4%6 0.328 0.31 %P 0.2732

ced PIGAT et Refiog 16 0 9 0. 0P 0. 03W%i 2= +T10- 01f°

AFsABECA=MelarRate 0 046 #9042 0'%36 0.636 C13-3%6 00243
oCﬁ)’z@"G%ON 0. 034 0. 032-Cunen¥9. 024%®. 018 #5012 0. BB
OPmgigt Seleglivity Wlmnzene 0. 068 0.062 0.063 0.061 0.058
i - BRYghbenzene * 0. 000-®1000 °P4®00 @.0990 0. BOH 0.038
s- BuBydnsenzene 96. 331 0950 693 0986 206 0944 362 9347513 0.131
n- Bet®l benzene 0.01 1038918 ®.2540 0.00841 0. 60D 0.105
Di -®at yl benzene 1.991 035007 3.4%¢5 406688 5. 54318 0.273
TriChutyl benzene 0.1 0349, 148.0861 240821 5 9.0, 1 84.034
He a@kesCo-CQArdnafics01 8 0p4922 ®.086 7 ©.0026 SufPI00. O 0.036
100C¢815100. 0 100. 0 100.0028- Butovizhenz@me? ( BB) 0.P44r i t v.0.0%7
t - BBirminé BB, % 0. 071 ®.0265 0.008% 0. @®®42 0. 062.008- BB *0.008
/ al $BuBBen20e). 000 0. 00®.068 000 0®6R00 ©.0690 s- BB1al | BB)S8
% 9BuebENz8.*91 7 99. 923009. 9290909. 9280Mm- BB/ abto BB, @400
0. OdBulylfenfete 9 0. 01 1 66681 1 656080 95.206 94.362 93.513

n-Butylbenzene 0.011 0.018 0.010 0.011 0.009
Di-butylbenzene 1.991 3.007 3.775 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-Butylbenzene (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 99.923 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, % 2.1 31 4.0 49 5.9

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

Example 5
Sec-butylbenzene synthesis with jet-milled MCM-49 and multi-staged
addition of equal amounts of 1-butene

[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.



Sum
W Rati o,

% 100. 00 100.00 100.00 100.00 100.00 D - BB/ s-BB
%2.13.14.04.95.9 Al
wW@e00189363 600- 700 psig.

sanpl es col |l ected
* | -Butyl benzene | essPETEP2007/001206

0.5%in total

but yl benzene not detectable with GC

used. Exanple 5 Sec-butyl bengene synthesis with
jet-mlled MCM 49 and nulti-staged addition of equal
anmounts of 1-butene [0077] A sanple of fresh MCM 49

WagblE St JerMiiled Mo uberitieMul i embedMAdAi RN oFal Bd@fe in a Batch
al um na into a 1/20 inch (lieé%td}m quadrul obe catal yst

al"'&‘ﬁf?fas“e?f“667 g of cat éPyst (cSﬁt ai ni P 0. 4 r4z9rrs of 50
zBorPredYeidhhg | oaded i nt % he bal®h reac™dr and1?‘he 150

e PPN 9Bh9pr ot ocol of Bxanple 3%was repeated. Pata 2
aF%‘EdlBé%TWé'Ghthﬁt'oTabl e 530T)abl e 515Qet - M1PPed I\/CM549 6.0
wie4d Biefeit MolstRg : J 4.3
Réaemecﬁonmﬂns%on Strearf2® 0 2. 09331 0 4. @35 O Beﬁit%ne 93.1
Wetoglint Selegtivith @450 150 150 150 Butene Weight, g 5 10 15

20 Xytdreed Bz/ C4= Wei glato5Rati 0 63840 150.03810. O 048 6. (0.037
FeedBBaneC4= Mol ar Rati 0.127 1.5 0057 7.205364 4. D.BEt ened.134
Con@£esi on, % 92.4 93. 0498. 7 93.224 93. 10.M20duct0.101 0.081
Selegtivity. w % i-Butanrel 0. 050.325044 02638 0.02%0 0.247
0. 08s1n-Butane 0.1 97 0.14557 0.0686 0. 445 0. 13M0565- C.053
0. 488= 9cR%4 Adborkati®2 0. 1003d 0. 0813£8= 00351 0. 3PB60. 261036
0.261-.0.247 C9-11 0.1 9529. 069 02854 00650 0. 0bBoC 20.035
+ Cd@nénd 1Aronmatics 0.@307 0. 034.039 031 60336 0.436 0.010
Cl3tdfoyienA@r2 0. 028 0. 03464. 030 o635 Coomne 0.037 0. Qloss
9 OifdiyindnAnddl O 0. 01 OoloedBut yl omemzeneofoo064 b.d¥62  0.000
0. 05ButiibédRfhe 0. 055 i - Bugsyd7benzepsss7 0. 03Q28. 00Q@4.6837000 94 432

0. ORButlbdABe 0.016 0.015 0.013 0.012 0.012
Di-butylbenzene 2.294 2.914 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
s-BB/all BB, % 99.916 99.920 99.925 99.927  99.929
n-BB/all 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 3.8 44 5.0

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

Table 6 compares batch reactor data of Examples 1 to 5 collected at 5
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
Multi-staged addition also provided a 3-

5
Example 6: Comparison of Batch Reactor Results
[0078]
10  hours reaction time.
sec-butylbenzene selectivity to 93-94%.
15

fold reduction of butene oligomers, and a reduction of di-butylbenzenes and tri-

butylbenzenes.
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s- Butyl benzene 95. 479 95. 827 95.428 94.937 94. 432
n- But yl benzene 0.01 6 0.01 5 0.01 3 0.012 0.01 2
wOreobegbdhenzene 2. 294 2.914 3.621 4.1 59 4. 68ACT/EP2007/001206
Tri - butyl benzene 0.1 38 0.1 2 1 0.1 38 0.1 54 0.1 63
Heavies 0.297 0.1 30 0.024 341 7 0.024 Sum 100.0

100.0 100.0 100.0 100.0 s-Butvl benzene (BB) Puritv.

t- BB/ al |
BB,

BB,
% TaBR%, ICHRParibo

%

% 0. 067 0.064 0.061 0.060 0.058 i-BBVvall

Q@ Batdh(eadtod RessitsBiBted End38 Rih
99. 916 99.920 99.925 99.927 99.929 n-BB/ al |

BB, % 0.01

6 0.01 50014 0.01 3001 3 Sum— %1000 10001000
\esis OLPuiR AR - BB/ o BBTiPlepALdin oy o uilSgoed (Bx 30) Addtion
ﬂamplgamrﬂ ec cnll ect Fﬁ;aragleﬁgﬁpa’mp}eﬁn %mplgé rl,:.xarmple4 Example 5
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Sitigreee step Additidn M1& i - St%Yéd [(58°F g ) WWGiti o010
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EXBHYPEz®ejet - mi | | dd stOQQE:M 229089 49 GRS 22 0.000
MRy Rengend. 49 Benzene‘“SZB%) v@1 o238 1533850 15804432
196RudearenBut ene (¢4 §- |ght°°1§ 25 98105 x 5089 5 %042
5 Di-butylbenzene 6.526 5771 5.547 4.681

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 BB, % 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 5.9 5.0

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-

butene mixes with all of the feed benzene instantaneously upon addition. Given

the relatively slow reaction rates and fast stirring, this 1s 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




Total Feed Bz/ C4= Weight Ratio 6.0 6.0 6.0 6.0 6.0
Total Feed Bz/C4= Molar Ratio 4.3 4.3 4.3 4.3 4.3
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Selectivity. wt% i-Butane 0.039 0.041 0.036 0.038
0.037 n-Butane 0.143 0.138 7L 24 0.1 3 1 0.1 34 C5-C7
0.1 350.1280.109 0.1050.081 C8=1.128 1.068
0.287 0.273 0.247 Cg- 11 0.079 0.086 0.028 0.034 0.053
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USefmple@079] It is to be appreciated that at a 6:1

bR GIbezdiét SAthR Gith [e@nifled MEM-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 alkylafion 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 turned 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/hr. 2-Butene feed (57.1% cis-
butene, 37.8% trans-butene, 2.5% n-butane, 0.8% isobutene and 1-butene, and
1.8% others) was introduced from a syringe pump at 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.



the 1-butene concentration is 14.3 W%
of the feed 1- butene nmxes with all of

nol ar ratio),
(1/7) if all

wo bm7heBses benzene i nstant aneously upon additi oPCT/@P20€TI001206

10

the relatively slow reaction rates and fast stirring,
this is a reasonabl e approxiygtion with a well-stirred
aut ocl ave reactor, and can be approached in a fixed
bed reactor with adequate feed distribution nozzles at
dacdmpledd i njection level. The local concentrations

\Wedlga tPb ez aReSynthdsiy With- 1ed-‘ﬁﬁ|le&ﬂMCM49Fiﬁfﬁﬁé°d _g&d refdor at

%‘fb@ﬁfien‘eheﬁ@te%'rﬂolﬁkomﬁi y be two or nore catalyst
beds, preferab a separate olefin feed injection

zI@WéZ]upsfr hemms af Exeamle twwwasfepehied dubading Mot sioh the jet-

TR QHERAR Gt o oS 5 EHE DI Febl g gy and

Qﬁltfpﬂ@ff‘@é(ﬂkﬂrl‘ieﬂﬁﬂﬂ)dtérm 1Bolae ZdioMeind AARRindda%: 1 R thédRire run
anmount of butene was added stepw se (5-steps as in
gRenrsne st BL.4Y cqfhr andhbutens atcbfp cetheund o Represersptivst data are also
%5@9@ IrleQelt ween additions (92-97% but ene conversi on

asorn Ex es 3-5), the nmaxi mum ol efin concentration

WO dlabllebike séc-BuiBénfzedBrodidtion. wikinJa-NMilkd MOPH49 énEixed-bed

W th essentl aI I y st eady sta&&t&per ation, having

+1 nl |l e+ b
1 l I I C | CCU I IIJ Cbl I UII IJU Ircoo Ul
a

lentof mllflhla fee le 8

rFé’a%??é‘F“ Wsightfte 7 $Sec- but yl Bdnzene symt hesis Wit h
jFeed BA/G4=dMplapRMP49 im fi xed- et reactor [at 3:1 841
meggerseeds but ene nollar regdio [0082B 0.4 g 68 the 7.8
jtendWHERh'MCM 49 cat al ys§ of Exagple % (bpp cut tozo
Tehfink By [r2- 6 M lengiy vas useg fol alfgyl ation g

L Uul Cic 1 ﬁ’] | | )\CULégé1 react §l7 IIIC

LIE’I?’Ien'fE‘"I"er\s/\'/?a"s A’dl luted w sand t oaded |n o

IILD ID IIUIC UI
xamplg.7

M@é&ﬁ@ﬂﬁﬁ%,—ﬁdom flow, fixed-bed, tubul ar reactor
havPy¥igrean out si de diamef@¥ of 4. PE0%m (3/ 2699 . The0.000
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fl ®«Cng nitrogen for 2 &6A%rs. Thd-089tr pgeR-0hs t ur ALK
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pr ocutybenzemer e col | ect edo.at3 r eact @009 0.011 0.010
Di-butylbenzene 5.546 5.040 2.667 2.620
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/all BB, % 0.100 0.084 0.081 0.071
i-BB*/all 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

Di-BB/s-BB Wt Ratio, % 6.0 5.4 238 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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feed butene. Representative data are shown in Table
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MCM 49 in fixed-bed reactor at 6:1 benzene/ 2-but ene
nolar ratio [0082] The process of Exanple 7 was

eesx)t edWheh siferated @t 8:19b&izehdr2-butingi thblas erGVEd}94 2:1 weight
catal yst of Exanple 5 (cut to 1/16 inch [1.6 mj
Tty ﬁl)e Zrivnteniet oNCRRratioadisp EhY M K&f%ﬁelfn%ﬁ’aﬁen? dpixgs with

t
%%hg@ecc}ﬁmhgbgﬂpﬁt e’ﬁe&%{ %[i 2‘5:@8/2 éJeey{o%‘ RENERNRIH1-49
Raaﬂ;&spﬂﬂ&ted/secdmt)dbmenea{vﬁh 93 tiosaitectimity.abl e 7 Tabl e
sec- But yl benzen Productl on wth Jet-M 1|

o Ve asagrdat Bxdahpizeneiktiisne WOlEkéﬁﬁﬂ forgh il cypeight
?5@%%&'%me%ﬂc@nt§a&on6lsll "/gz(é@g@ Y03 BlieReihRes with

Days on Stream 1. 7.8 Butene
\NeiSxgnehindtadtafeatisly. 2.Ax thi bBeaeneRebuids\Vmblar Irafi6, thel BIGM-49

16, 16.7. B Co 0/ 30 95.41.97.41 97.3
Soialisl P SPpyy PegEong itk JoTh s IgcBal - O BYPIog A Bich as

G080 A1 BHicH18n A AOOR. SO0 HbeRFore? \Perdduced by

0.059 0.099 0.107 C8= 0.443 0.865 0 474 -

@bout @%3 042s eeduting loca) 3@n@ingratien of bueng lmtmquclsedcreactor
%T? 35 0. 06 0. 97§ tCé)BnlfélCS)‘ 1C58 0.1 66 0.062 0.071

St V%H%p‘ﬁ 98 $ePU YIRS SEEHVIRGt yI benzene 0. 093
0.078 0.078 0.068 i-Butyl benzene * 0.000 0.000 0. 000

0. 000
Example 9:

Oxidation of sec-butylbenzene produced in batch reactor by multl-staged
butene addition at total benzene/butene molar ratio of 4.3:1

[0085] The liquid products produced in Examples 3, 4, and 5 (batch reactor by
multi-staged 1-butene addition) were combined. Benzene was removed under
reduced pressure by a Roto-evaporator. Sec-butylbenzene was isolated by
distillation under 50 mmHg vacuum using a 26-plate vacuum-jacked Older Shaw
column with a reflux ratio of 10:1. Oxidation of sec-butylbenzene was carried out
in a 100 cc Parr autoclave at 115°C and 250-260 psig (1825-1894 kPa)
nitrogen/oxygen (80/20) pressure. Into the 100 cc Parr autoclave was charged
0.185g (1.1134 mmole) N-hydroxyphthalimide (NHPI) from Aldrich and 43.2 g
(321.5 mmole) of the distilled sec-butylbenzene. The contents of the autoclave
were pressurized to 220 psig (1618 kPa) with nitrogen followed by oxygen to an
80/20 molar ratio at room temperature. Next the mixture was heated to 115°C
with a mechanical stirring rate of 720 rpm. The temperature was maintained at
115°C for 6 hours with frequent gas sampling of the head-space for nitrogen and
oxygen. The oxygen content of approximately 20% was maintained throughout
the heating pertod by replenishment from an oxygen PVT (pressure, volume,
temperature) vessel. At the completion of the run the liquid phase was analyzed
by GC. Sec-butylbenzene conversion was 22.2 wt% and selectivity to sec-

butylbenzene hydroperoxide was 92.3 wt%.



s-Butyl benzene 92. 547 93. 054 96. 257 96. 244
n- But yl benzene 0.01 3 0.009 0.01 1 0.010
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Tri - butyl benzene 0.405 0.287 0.1 13 0.125 Heavi es
0.320 0.01 3 0.01 0 0.01 6 S¢n 100. 000 100. 000 100. 000
100. 000 s-Butvl benzene (BB) Puritv. %t-BB/all BB, %
0.1 00 0.084 0.081 0.071 i-BB7all BB, % 0.000 0.000
Exaatp101000 s-BB/all BB, % 99.886 99.907 99. 909 99.919
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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 pure 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
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selectivity to secbutyl benzene hydroperoxi de was 92. 3
wt % Exanpl e 10: Oxidation of sec-butyl benzene produced
in fixed bed reactor at 3:1 benzene/butene nolar ratio
[ 0086] Liquid products produced in Exanple 7
(fixed-bed reactor at 3:1 benzene/butene nolar ratio)
wer e conbi ned. The sane procedure described in Exanple
9 was followed for sec-butyl benzene isolation and
oxi dati on. Secbutyl benzene conversion was 14. 0 wt % and
selectivity to sec-butyl benzene hydroperoxi de was 91.0
w % Exanple 11: Oxidation of sec-butyl benzene
produced in fixed bed reactor at 6:1 benzene/ butene
nmolar ratio [0087] Liquid products produced in Exanple
8 (fixed-bed reactor at 6:1 benzene/ but ene nol ar
rati o) were conbi ned. The same procedure described in
Exanple 9 was followed for sec-butyl benzene isolation
and oxi dation. Secbutyl benzene conversion was 21.9 w %
and selectivity to sec-butyl benzene



hydr oper oxi de was 92.8 wt % Exanple 12: Conpari son of
sec- Butyl benzene Oxidation [0088] Figures 1 and 2
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3. The process of claim 1 or claim 2, 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 or claim 2, wherein said alkylation effluent is
subjected to chemical treatment prior to recovery of said sec-butylbenzene

fraction.
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AMEM-22 | familg dtasantX+jpay diffrhciionegatear incbfdispddpacing maxima at

sec- | he n r i on,.5, rocess of claim4,
vﬁe‘*i&% g%&@zlgh gﬁ&fg& #pe §t4ﬁ$§tt&9i"§‘g§g?@ct ed from

ol efin oligonerization, selective reduction, selective
oxi dation, esterification, and the addition of

et er dbiteopnocess of] anfyi pregedong alatnyrivhergin the mpleawnlpr sigve of the

WEF2A TRl i PaselfEpBa0RT 50 pREASRES" b 1, AL, Q-
an) MovesedMENaed, | pITNaasi6t €rZML8) Candd nfigtutbsSPREh Y §wo or more
maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07

Ahgysek om 7. The process of any preceding claim

wherein the nol ecul ar sieve of the MCM 22 famly is
sel ected from MCM 22, PSH 3, SSZ-25, ERB-I, ITQI,
ISTQ  2TheMubESS, of Mol prBcedidgVelabim, WHideB, thendlolecxiarisese of the

an r . more thereqf. 8. Th rocess. of an .
TRk A3 i atsrseldhist Goim MM R, RacBISe aneisotypes
Mdkge famly is selected from MCM 22, MCM 49, MCM 56
and 1 sotypes thereof.

9. The process of claim 8, wherein said molecular sieve is selected from

MCM-49, MCM-56 and isotypes thereof.

10. The process of any preceding claim, wherein said C4 olefin comprises a
linear butene.
11. The process of claim 10, wherein said linear butene comprises 1-butene

and/or 2-butene.

12. The process of claim 10 or claim 11, wherein said linear butene is

contained in a mixed C,4 stream.

13.  The process of any preceding claim, wherein said C, alkylating agent

contains less than 5 mol% of iso-butene and less than 0.5 mol% of butadiene.



9. The process of claim8, wherein said nol ecul ar
sieve is selected from MM 49, MCM 56 and i sotypes

W@ bwreo¥3ss 10. The process of any precedi ng cl aP@T/EP2007/001206
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wherein said C4 olefin conprises a |linear butene. 11.
The process of claim 10, wheygein said |inear butene
conprises 1-butene and/or 2-butene. 12. The process of
claim 10 or claim 11, wherein said |inear butene is

dant aiTHedprobess ofi cigieth T3 wheéreiamaid &, all@atiOegm$ cohtadidyless
pr ecedi ngi cl ai wherein said C al kyl ati ng agent

dlaan &b meolYeafdse-hutsnsandless ban Ddgnplih ehbutad n¢ ess than
0.5 nol % of but adi ene. 14. The process of claim 13
wherein said C al kylating agent contains |ess than 0.5
sl % dfhei procésst ehanypeededing ¢lbiat) Whdreiobdid af, alkylating agent
but adi ene. | 15. The process of an){eéprecedl ng cl ai

wneﬁaawe%sahal &) Wi nppt Attragsn apeer lesd thag HY weggmtsmafhr angl/or

,,&q@;ﬁ] or less than 100 wt ppm sul fur
3/or {Uess t anw‘%%o wt ppmwater. 16. The process of
any of clains 1 to 14 wherein said C4 al kyI ati ng agent

cont ai | ess t han O. en an ess.
tian ﬁmrﬁﬁw | 1y © f:}nf-‘ﬂéfnaglql‘é?sis‘I t‘”ﬁ‘g’??“l@@)‘ atmg_agem
WBhins 1dsé-thah & 1 At %ﬁ?ﬁn%@er%ﬁﬂ/&f I%QB’M@ wt h?h{ﬁulfﬂp &hdbNess
the benzene contains | esS than Wt ppm ni trogen

dhaty 010 Wegsn wagar. 100 Wt ppm sul fur and/ or |l ess than
1000 wt ppmwater. 18. The process of any of clains 1
to 16 wherein the benzene contains |less than 0.1 w

AFM NitHeORBBes8 Y &y prRE&diA Mhird, Whemﬁmtﬁélbéﬁhfenéifé%ﬁ[ns less
| ess than 100 wt ppm water. 19. The process of

ph@b%ijwt]gpr@mﬁr@genmééoe ilgss shandl 0Q) ynpan |se;}fut:mdd¢rtlr:fé§rthan 1000
eﬂ Safs L €NPErature of from60C to 260C and/or a

pr ESUr8Gr 7000 kPa or less and/or a feed wei ght

hourI y space velocity (WHSV) based on C4 al kyl ati ng
ent of fromO0.1 to 5Q hr 1 and/or a nplar ratio of

B8 e e OBRTS dif @ny rf Alaimsol 89 16 y¢hereipdhe bepzeag contains less

GhaH 61 2. t.pp }Wﬁl‘ﬁ% Bh 2&4/6r 15 f'ﬁ%rﬁ haf p%n?@ulﬁﬁ%@)%? 1458 than 100 wt

but ene to 9. 21. e process of
mpecwelueng claim wherein said contacting (a) is

19. The process of any preceding claim, wherein said alkylation conditions
include a temperature of from 60°C to 260°C and/or a pressure of 7000 kPa or less
and/or a feed weight hourly space velocity (WHSV) based on C; alkylating agent

of from 0.1 to 50 hr'! and/or a molar ratio of benzene to butene from 1 to 50.

20.  The process of claim 19, wherein said molar ratio of benzene to butene is
from 4 to 9.
21.  The process of any preceding claim, wherein said contacting (a) is

conducted under at least partial liquid phase conditions.

22.  The process of any preceding claim, wherein said contacting (a) also

produces polybutylbenzenes and the process further comprises contacting said



conducted under at l|least partial I|iquid phase
conditions. 22. The process of any preceding claim

wokerevizssai d contacting (a) al so produces PCT/EP2007/001206
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pol ybutyl benzenes and the process further conprises
contacti ng sai dpol ybutyl benzgnes wi th benzene in the
presence of a transal kyl ation catal yst to produce
sec-butyl benzene. 23. The process of claim22, wherein
poB/butylbabies! with ®enferkadh\hé pe@eRdd 6€8 tAnbdkAatibREatalyst to
Ssieve selected fromzeolite beta, nordenite, USY,

produge seelgptythenzege. 25 ERB-1, ITQ I, |TQ 2, MM 36,

MCM 49, MCM 56, UZM 8, and m xtures of any two or nore

t hereof. 24. The process of any preceding claim

\B3er eiThegabeksoxr diaih MR, (Wwhkerdis tikomahsalkgthtion cafagyst comprises a
presence of a catalyst selected from,

| (aﬂ%ﬁan 0X0
rsleratoyic s pelerder fiom Zerlite dsta, maqrdeniteo by exMCM-22, PSH-3,
{ SkRE_ \ReSen_4 b _AROMAN S0 55 dg et
t(‘s‘egtﬁ%lgﬁ u%?gafrlaﬁrr@gf SI?(%%’I g(@gaﬁsng a %9k2\gt¥ét5g1 cor e8,’ and
om&tures ¢fl angftwb loe noooe ehebewifng a di val ent netal sel ected
fromzn, Cu, Fe, Co, Ni, M and m xtures thereof and
anot her netal being a trivalent netal selected from

13, Fel?heNBroc%’ of! a@S%ré@edfn%r eBirh NerRedin §47d &Hdizing] r(]c) is

N-hydr oxy substi t ut cycli¢ imde either al one or
tchedystakisribepwterme of eeatabat sddctédnfiremat or; and (d)

the pakan St B4pE0" Phteed fakhofin fRlaiSeining conbrising

Phaeassseof any preceding claim wherein the oxidizing
(c) is conducted at a tenperature of 70C to 200C .
and/ or(bhappee Shiydsoxsy) Boiged tetpmyckmamew! somplezchaving a mixed

%émsc%pee, it )metal of the core being a divalent metal selected from Zn, Cu, Fe,
Co, Ni, Mn and mixtures thereof and another metal being a trivalent metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof;

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

(d) N,N',N"trihydroxyisocyanuric acid either alone or in the present of a

free radical initiator.

25. The process of any preceding claim, wherein the oxidizing (c) is
conducted at a temperature of 70°C to 200°C and/or a pressure of 50 to 2000
kPa (0.5 to 20 atmospheres).



