WO 20071093357PCT/ EP2007/ 001205 - 1 - PROCESS FOR PRODUCI NG

SEC- BUTYLBENZENE FI ELD [0001] The present invention relates to a process
for prodw0rgo7ms3s75 butyl benzene and for converting theCsaPdangizbenzene
to phenol and methyl ethyl ketone. BACKGROUND 100021Phenol and net hyl

et hyl ketone are inportant products in,the chem cal 10 industry. For
exanpl e, phenol is useful in the prodﬂéfion of phenolic resins, bisphenol
A, c-caprolactam adipic acid, al kyl phenols, and plasticizers, whereas

met hyl ethyl ket onPRGEOEBS ROGRPRODUCENG $EC-BUFYLBENZENE f or dewaxi ng of
| ubricating oils. [0003] The nost conmon route for the production of nethyl
ethyl ketone is 15 by dehydrogenati on of sec-butyl alcohol (SBA), wth the
al cohol beiggRyoduced by the acid-catalyzed hydration of butenes. For
exanpl e, commerci al scal e SBA manufacture by reaction of butylene with

sul furic adofi0Has Hhenpmsednphvention fedatesTeny ay paocsssyifar gaedidingi skc-
extraction. [0004]Currently, the npst co n route for th roduct i on of
phenol i il ok &mEqué@gg?rtmait%e peg-taity ?rgéngf%@wbe@g@quﬁﬁy h the
first step jnyel ves al kylation of benzene with propylene to produce cunene,
foll omed by oxidation of the cunene to the correspondi ng hydroperoxi de and
then cl eavage of the hydroperoxide to produce equi nolar anmounts of phenol

and acetonigéggégégﬁgi_he wor |l d demand for phenol is growing nore rapidly
than that f —In 25 addition, the cost of propylene relative to
that for bypeeEs | PhbAd@hY ni@hyINeK R ASBNe AHEInt P rRAnESaLaRINtheshemicage oOf
propyl ene. Thus, a process that uses butenes instead of propylene as feed
and copt®dusdestiyet ot csample, phennlds rusefubnn tthapredvstion@f mhgnolc aesins t r acti ve
alternative_.rout o_the production of engl .. 100051kt .is Kkn t hat

ohenol - and THECHYT S figroRBEOT A s, 8RS Binoks B PstsPet MR ot ¢ ne
Hock processiethyl wihiyLRetoae-canthd hesdzane lhgquexi Alisg@entt sndofdradéwaxing of

sec- butyl benzene hydr oper oxi de and the peroxi de deconposed to the desired
phenol and Hetsaing®ilky| ket one. An overview of such a process is described

in - 2 - 11 - - ' 22B
entitled "aﬂgn I",%Béb f%%g%%gélﬁﬁgag%éﬁ%g§§§2%§gg?gﬁ%ﬁafﬁﬁﬁﬁ%gmgﬁsDecenber
1977. 10906y dhydingeydtivansfesse-bogyl abwhpl (R dvithythalakgohat beigg Ipestieed wi t h
nbut enes over _an acid catalyst. The chemstry is very simlar .t

ot hyl benzer hde8-calaticrd hycBetinc: FichHieEEOEF xR FRMBEIR HENEEY of ¢ he
al kyl ati ng AgRMctRYYEREQRHN SMItNERDSIth QLIRKOEUE hal B oRpRishedITef €ases.
For exanpl e, ethylbenzene has one isoner, propylbenzene has two isoners
(cunmene andnapryserd Wega¥heyid exivactiont yl benzene has four isoners (n-, iso-,

sec-, and t | bepzene). For sec-butyl benzen [ tio it is pnportant
to nininizéeﬁ@ﬁ 1OQ%E89%%ﬁ_%U‘§F %H?E%é?ggn rghéﬁﬁgﬁﬁFQAgéﬂﬁ§9b§6§€Et
formati2am. HAbuksprdeys oded $s acaRECsap |prodeso-ihubyicheahn efive; stepviavbies i ng

poi nts very close to secbutyl benzene and hence are difficult to separate

f r om sec- butkylgeas ehenpgnevath preayleeh tq Bdussgiacise fefigwed by oxidation

But yl benze | 1 Poj n < - | Byt e 6% th
s-ButyIbenggﬁgﬁf%&%?§u$§fee%?%ﬁ??@%hg?gaﬁg%%g%w%?e%&e%?%géoaﬁgyﬁbé%zene and
tert - but yl bedegreerxadetdkpodncd oqiimoiarhaniuntr &f plenbhendx¢adaid. oHowkver,

sec-butyl bepzene to the correspandi ng. hydr oper oxi de, necessar ext step
Tor the pr BaGrBretare R PROsny IS RErS o P Ghe g Fa0gb8e prhady
however 35 n%Wdhﬁ)%[‘thfe%'éﬁdoftdﬁéﬂylé&ere%i'ﬁg@(?1 Uﬁﬂf&fbui&?@s RuirePeNaERGse28ud s al so

very sensitive to the preserice of the higher (C38+) olefins that tend to be

produced asoa deyslopingothotthge of pryppyient z dhusre poaessithatsisehbutenesnpetead wi t h

al kyl ati on en hutene.is contacted w th benzene in th resence of an acid
Catal yst - ORI eyt BTotGes MR Eog Rr ganerhe SRR cal ar
certain of geh fitatiQb MBI vo rddeV® th@pldd0&idMdfiPhendery close to

sec- butyl benzene maki ng them 25difficult to separate from al kyl ati on

ef fl uent by009dt i | ltas koewn [loo@bprH @ed nmltsdrediyhgetpae e41ebg eprproduesd by t  has

been foynd that sec-- butyl benzene.oxidation is, facilitat.ed if the.

condi t 190 4 WEHHER Gy LB PERES i hut PatPEht b5 816Ceh o SRR aci on
ef fl uent coptaufsbdness hh@dptrowtdeVandiihdpt@R&le decdmpodbd 36 NRE Sdekited
particular, it has been found that m nim zing butene oligonerization
depends notPhspelyardnmethivt athykbkeleneciinppvesyiewy ek y RiPFesh e desrved in but on
reduci ng the | ocal butene to benzene nolar ratio, preferably by staged
injection of the butene to the alkylation reaction. 5 [0010] US Patent No.
4,459, 426 di scl oses a process for the production of alkylated aromatic
hydr ocar bons whi ch conprises contacting at |east a nol e-excess of an
aromati c hydrocarbon and a C2 to ¢4 ol efin under reaction conditions

i ncluding the presence of a liquid phase in an al kylation reaction zone

T o o M. o o, o,




15 sec-butyl benzene, the process conprising reacting benzene with at | east
one linear butene under al kylation conditions and in the presence of a
cat al yst WO 2p07049835¢ an al kyl ati on product conpri sing se®ChrPIdzONRZehe,
wherein said al kylation conditions are controlled so that said al kyl ation
product contains less than 1 w % of btﬁeene oligoners. 20 [0015] Preferably,
the catal yst conprises at |east one nol%ecul ar sieve of the MCM 22 famly.
Typically, the nol ecul ar sieve of the MCM22 fam |y has an X-ray

di ffracti onpgges tid3mMlnahd dNL63- 5P Rrocegs NEconomict Regord N@S522B. &fitltd,

3.570. 07 an 420. st rom [0016] Preferably,. id]in butene is
added to t h&’hﬁpglg’e]g;@ﬂwﬁ westagferd B?F&f‘rcgﬁnggi"ﬂ l%ﬁgﬁ?la??rc}f?%ondi tions

i ncl ude an | I o] t to about
20, prof or Al W hpodt b At Fgn BEFENRCLD W WA kR i 1P &

[ 0017] Convebutemds|oper smiacidadakalysat iThe ohemdtryi isrveryasisnlar b bthgtbenzenerapdr at ur e

of from about 60C.to. aboui. 260C, a gres re of 70(#0 kP | ess, and a
2 alkylot

feed wei ght CHRFISOROAYCON c HOWEBE: 125 4 pEgtagent of
from about @chaldd, S8e Mhumber WP g%ﬁé{)%&é&ﬁ’ CI{SEPQQQ@Z;/S&O12@@ Samp¥d181 I n
one enbodi nent, said reacting i$ conducted under at |east partial liquid
phase condi ¢thy)lhsnzepe)0m9]dnn 1aorhcnr, tmepylhspzem has teopsement (cumeentndm-r esi des

in a process f uci n but t he process conpr|5|n
reacting be‘?f?B??rlé 'B?‘?Bg} B‘friZSﬁ 5'€?ﬁd Ot‘ﬁrof‘fgn\fvﬁoﬁna E4-af I"atafl?lng agent in
t he presencgytfiberzcnal. aFé!ﬁ&ecCtﬁﬁ?l'bhﬁéeﬂg pAdducBastit A AnpBHBE W Afinidligy 8- 0f the
MCM 22 fam |y, wherein said reacting conprises the steps of (a)
cont act ilfig E%zéh@tymentﬁn& f&mdsﬁ)hemrlblﬂtenﬁsobywrmlcél foymatiomg ddesr Wi a first
reaction st e .an ation effl uent r n

sec-butylb en%s’l gﬁﬁnlf%gg{y %‘}Fzg‘naée %oﬁﬁng p%?nr{g Ve?’b)cg%sgn alts ng said
unr eact ed bmyme@zmt&dameh@aﬁte afiffidultr theepdratet from Gbc-BuiGibenkdnel 8Yi ng
agent in at least one further reaction stage [0020] Conveniently, said
reaction stégelationdsecdadigbela)in a plurality of  reaction zones connected
in series and each containing at ySt; e 15 being
introduced into the first re Bmé}.m%‘%.e aret aB\g?lg% <y igﬂg agent bei ng'

di vi ded between said reacti oﬁ g:%%f‘z 021] Conven ntly, the nol ecul ar
sieve of the MOM 22 family hh? %ZF’ dlffl‘aCtIL

—

pattern including

d- spaci ng maxi ma at 12.40. 255-Baitybenzene 3 570. 07 hLivd 3. 420.07 Angstrom
Exanmpl es of mol ecul ar si eves_@ﬁﬂﬁmzz_f_am_lm_ude MCM 22, PSH- 3,

SSz-25, ERB-1, ITQ 1, 1TQ2, MM 36, MCM 49, MCM 56, UZM 8, and m xt ur es

her eof bl o, 1 h £ th 22 | ect ed
From NGIA 220000 ek a8 kN 5o Thl FasEyp EBe Praraby Mot Rasieht B “Che o

al kyl ati ng agors ofipr iheeSoxaddtioneass bwcecn&ylbé@zren% teXanPp| eortedpohding ancUor
2-butene. I n one enbodi nent, said |linear butene is contained in a m xed C4

st ream sucwda@peaona%fq nagessy Jexestsp iPodmEapPdusion of MetyhemyAksone, t he
present invgpt i esides in sec- butyl benzene formed as the direct product
of an aromati a?]kyl ation process and contai ni ng between about 0.01 w %
and about I[Oﬁt)% of Ibhitscheveiergmivebeen BO1D0AdHheoxstatibh of edc- lwtjzkbeﬁicme aspect,

the pre invention resideg in a pro ess f henol a met hyl
et hyl égon‘é aljonyery sgpeidye Efbﬁ‘ﬁrl?@?’%‘i‘ﬁe 0 theahugﬁfraféegeﬁﬁg B@n%ﬁ’méo th at
l'east one | }R8atedONiEREuIHEERE AlgkMeALARM ©2RHNE 't}%%oﬁa‘ﬁ@te'\ﬁtﬁﬁ grl%'h@ﬁence of

a catalyst to produce an al kyl ati on product conprising at |easf 93 wt%
sec- but yl bewhenéutend is eamtdchai withwbesashe but@nepmsangormfrsn as(da):amlydi zing the

sec-butyl bepzene fro duc .sec- butyl benzene dro and
(c)cl eavin ﬁeé)vﬁﬂzcﬁﬁg]ﬁlé %f%%’f:ﬁ?ptf‘ﬁ n?%qu'”éi c‘@%‘?’r‘éﬂo‘i gﬁé’fﬁ/‘? et hyl

ket one. 100g myeﬂmnbbmngt}ktﬂnexwyzuege (t@)seb%u@qmﬁeﬁ@dnamng REerRr esence
of a 10 cat aI such as a catal yst selected from (i) an oxo (hydroxo)

bri dged28 etdi ﬂteaﬁpmtteaﬂoncelrkwlaeﬁn@&wm kY digtitetityanese, (| i) an oxo

(hydroxo) b t ranucl net net al gore, one
met al of th@og ufslg aﬁcod§m§l ent%e nVnHtl%rf eég‘ ??eepn ?ﬁun thatFé "Co, Ni,

M and m xtwt%emeéezﬁida@ed igmadilietedmEtiat cogdifignai fHeVﬂk?l@hoﬂmee@' arsel ect ed
fromln, Fe, M, G, and m xtures 15 thereof, (iii) an N—h¥drox

subst i t ut edcanjrellpd sp rfh@resaed eheratignopfBugit ¢antaipe lesk dbant evioo a1 Prisaer adi cal
initiator, and (iv) N,N,N'-trihydroxyi socyanuric acide either alone or in
the presence of a free radical initiator. In one enbodi ment, the

oxi di zation catalyst is a heterogeneous catal yst. 100261Conveni ently, the
oxidizing (b) is conducted at a tenperature of about 20 70C to about 200C
and a pressure of about 0.5 to about 20 atnospheres (50 to 2000 kPa).
100271Conveniently, the cleaving (c) is conducted in the presence of a
catalyst The catalyst can be a hoaneneous or heterogeneous catalyst In

Y T B . o o .



10 100311The present invention is directed to a process for producing sec-
butyl benzene by al kyl ating benzene with a C4 al kyl ati ng agent, and then
converti nyot2per/9e3s7but yl benzene to phenol and net hyl et RgII/EPe0GH8120The
conversion involves initially oxidizing the sec-butyl benzene to produce the
correspondi ng hydroperoxi de and then cleaving the resulting hydroperoxide
to 15 produce the desired phenol and né&hyl et hyl ketone. 100321In
particular, the invention is based on the discovery that the oxidation step
to convert bdligonses.- bully| parizele tio hie benr dspahditng midintipipgoXdutsnel s

hi ghly sensitive to presence of butene olijgoners in the alkylation

ef f1 uent. MPREXERREIZatioR depgnds mot eply &) wg@hl@rs;;lecaamf dhg awwtle@rc@aiw C12

ol i goners, V, S v t t nzene
and hence cgﬁ (ﬁ%? &hﬂgir{;g oﬁogéls%%g?ea?geﬁ Iﬂeg%q%@%ﬁ%t?ol %fe?@%%t%ﬁt}a

di stillati omjectibnsf thecbuernesenite alkylation meactieeks to provide an al kyl ation
process and n. whi ch the_anount of butene ol] n the

Pl T ot Snaftics ‘v hams e £855828 Gselres rogsssiogras 4P 8D han 0.7
wt % and rm§ﬁ( RIR SoaRkY k §ca%l§b'?ﬁ SnrehWotiprises jcggé@&{n]é ok sle&s@ ole-

appr eci at ed that the pr oces e |nvent|on as wth any al y ation
process, preadeses amrembticibpdrotirhon andd &l s Q4 meé‘m:llrekdr bentieneor(ditypiscal | y

about 609@ as | | 1as t he al kyl teg eci es, | udi ng sec- but IEenzene and
o ybut yl beRsREs tRprikans Rl acRaid mHes i w alO R FOB, SOV 2Bt or s o
the portion,g ah&? @fdi{svedimgidle a0RnRidife tdTCa Adayd-hBHizeP et dfEehUY

excludes the 30 unreacted benzene. Hence a benzene distillation colum, or
ot her ‘s dPar altingmostlivate, zmbtqm@daanmemalmmaehlndql $a}dl atteamfst:éflhmdelwﬁrqgwn
"al kyl ati onpr,oduct Iathpn col.u

conayart oo yrfiRmisicaBloeo BaiEnis s di by brPishe BrERo Nagd A"

sec- but yl benagie a Benzenesifd Kyonatd4n Q@%bi[hmtmv&zer&ammé ayéidclogest he
al kylation step to produce sec- 5 butyl benzene can be any conmercially

avai | abl e ballylatien pébanzepgtwigh ethyleap|ty pmhl%@ﬁwébféw%usanww Pyessegel of at
| east 99 wt 9%, 100 |
eas é?ict[)gs fb%lélgd Eﬁﬁ%ﬁg&gﬁ 'bgﬂze%%% 'ﬁe“r}fﬁ %ﬁgﬁgﬂyﬁ{;& | near

but ene, nane ene- or A miXxtur ere t1ng agent
can al s@5 beﬁa;n redcedri ati € b@ﬂzdmyththdarebmnlmrattouoé 8nhtaad mdﬁgldnlahemyldnat enes,

such as can he 1 t ai_ ned steam cr f eth rop but ane,
LPG and | i gh?‘nglé‘gﬁ?‘ﬁ&)s‘h ‘§/t‘?a€t‘€r%‘& tﬁ g? %‘fﬁﬁﬂeﬁ“gﬁ %fﬁ" ? BHOSf i nery
feedst ocks gmel1byE.cRRME "65d1§HTos‘%§ t}%lé%ﬁ%h%‘zsbutﬁ%zéﬁe SRt hER8lucddordRwer

ol efins. [0036] For exanple, the follow ng C4 hydrocarbon m xtures are

general |y abaizbagdhed |erth%rn1ybu@hsmer y winpiigyeinkptenee hnransapiéney? tand pisduce
ol efins lhu e 1% S ean1gn§& but i stream Raffinate-1 (the product
of renalnlng g%i%? §§IW%WP hydr ogenation to renove butadi ene

from theocr deipt eans Parnk e, hw%n@ssdlmm aopdcERftbt Bt gkdlatibherpnoduct
remai ning after renpval of butadi ene and i sogbutene fromthe crude steam

cracked but daage hydracarbap rehigh P9mpﬂﬁré§@ngqcF1@a#est%ahaen@mﬁp@sqeﬁ ehthewi t hin
h h T 0 de C4
the wei ght {u%gltqgé {Jyggdcgﬁotoﬁdwitg é V éntgﬂgand& Jai@és? gﬁ g)u e

stream Ratfin I nat e traction oge | vent
Extracti on tditcgenadd dm tBat;ada’;@ne &UaBﬁ%lQ&tZ%rﬁpﬁ%@-zb%lﬁ- H:&ta.c4 Theet yl enes
0-15% 0- 0. 5%L 0.5%0-0.5%0 5%)Buten§. -%O%) )
ylation process 1s camed out with addition of olefin in at least two stages,
25 preferably using two or more catalyst beds or reactors in series, with at least a
portion of the olefin being added between the catalyst beds or reactors and with
interstage cooling being accomplished by the use of a cooling coil or heat
exchanger.
[0012] It is known from, for example, U.S. Patent No. 4,992,606 that MCM-
30 22 is an effective catalyst for alkylation of aromatic compounds, such as benzene,

with alkylating agents, such as olefins, having from 1 to 5 carbon atoms over a

wide range of temperatures from about 0°C to about 500°C, preferably from about



20- 50% 50- 95% 25- 75% 75- 95% But ene-2 1-15% 10- 30% 0- 20% 15- 40% 0- 20%

| sobut ene 0- 30% 0- 55% 0- 35% 0- 5% 0- 5% N- but ane 0-10% 0- 55% 0- 10% 0- 55%

0- 10% | sowbuvemm3$371% 0- 1% 0- 1% 0- 2% 0- 2% -9- 100371 Orherre@fione2ny m xed
C4 streans, such as those obtained by catalytic cracking of naphthas and
other refinery feedstocks, typically have the follow ng conposition:

Propyl ene- 0-2 wt % 5Propane- 0-2 wt % Bdt-adi ene- 0-5 wt % But ene-1- 5-20 wt %
But ene-2- 10-50 wt % | sobut ene- 5-25 wt % 10l so- but ane- 10-45 wt % N- but ane-
5-25 wt % [ 0938 &xd AyelitaxsBrQoNnSiniidet disissupdst e nd@tdificanid UES.CRPatu@r Noan of
oxygenat es, _such as nmethanol, to |ower olefins nore typically have the

fol l owi ng coRpbaiQ iamd: 5.257.98hk but whese e aacelites_arg MH400a0d MEMAE or any
m xt ure of lteﬁﬁecﬂ%ge C4 hydrocarbon m xtures can be used in the process of
the invention. Tn addition to |inear butenes and butanes, these m xtures
typically c@oi3dj n donpondntesnationah Agplicatibnit Noe ROT/EPR0AsI0es6s5,7, Wiledh can be
del eterious to the process of the invention. For exanple, the naormal 25

al kyl ati on PHSHE: 2005, MedBue dessrihed an BLeFdRd Prosessior pradugingdhsepiandni ch, as

previ ously S 1 nhibj & e u I ..:Qp step.
Thus, pri or&%@t’f %tehygﬁ{?)%ngt f@p{s({eg% bérﬁ%rslég%t(@t ﬁ?%{gagl%eﬁg% F i&gggbgeﬂg ubj ect ed
t o but adi enecnzemouad aa@g allsddriticeagent emderablkyladon exadiploas wigohudaetlgstcan be

renoved by sel ective djnerizatio eactjon with nmethanol t rooduce
MIBE, wher e%fgn%*?f“lﬁj?%faitgﬁétac%na‘bg’l&m2@“’6&} 261 P LtRTBANGST ars éﬁ‘e‘!@flf’ve _
hydrogenati gn,tg Bsth Hﬁh%-se@rlﬁlftﬁﬁé}ﬁleﬂe thie okl Ah g Nh AL deRBuRIEM ML Oy ed i N

the process of the 1 hvention contains |ess than % Wt % i so-but ene and | ess

t han 0. 10wt ftobudead i hydeopetididd) 1and thedi (c) oteavimgathhdrydngmiradde o prabirponent s,
comer ci al hydrocat b ixtures typically contain other inpurities which
coul d be 355%8? ?W%&VP‘%BE]W&O% kyl ati on process. For exanple, refinery C4
hydr ocarbon streans typically contain nitrogen and sulfur inpurities,

whereas C4 hydrocarbon - 10 - streans obtai ned by oxygenate conversion
process typﬁéMMéB:)Snt ai n unreact ed oxygenates and water. Thus, prior to

o o Rt oy oS s SsSB40 LAY R0y, 1o ©
but adi eng reombuailbanend, sebpioeess comppigile. reddeifinbahzemk with at least one linear
butene under alkylation conditions and in the presence of a catalyst to produce an
alkylation product comprising sec-butylbenzene, wherein said alkylation
conditions are controlled so that said alkylation product contains less than 1 wt %
of butene oligomers.
20 [0015] Preferably, the catalyst comprises at least one molecular sieve of the
MCM-22 family. Typically, the molecular sieve of the MCM-22 family 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.
[0016] Preferably, said linear butene is added to the process in stages such that
25 said alkylation conditions include an overall molar ratio of benzene to butene from
about 1 to about 20, preferably about 3 to about10, more preferably about 4 to
about 9.
[0017] Conveniently, said alkylation conditions also include a temperature of
from about 60°C to about 260°C, a pressure of 7000 kPa or less, and a feed weight
30 hourly space velocity (WHSV) based on C4 alkylating agent of from about 0.1 to

50 hr'.



5 sul fur, nitrogen, oxygenate inpurities is conveniently effected by one or
a conbi nation of caustic treatnent, water washing, distillation, adsorption
usi ng nolwoubewoIsiseves and/ or menbrane separati on. Wat ePCrEPadgo0t29Hi cal |y
removed by adsorption. 100411Al t hough not preferred, it is also possible to
enploy a mxture of a &4 10 al kyl ati ng agent, as descri bed above, and C3

al kyl ati ng agent, such as propylene, as’ the al kylating agent in the

al kyl ation step of the invention so that the al kylation step produces a

m xture of [eN8Ne dndbreegmbudiyleite RFidNRactifigeisr @adhdtad tundexatuleastqaintidlhen be
processed through oxidation and cl eavage, to make a m xture of acetone and
MEK, al ong Ufwif PBassrrenditignef er abl y where the nolar ratio of acetone 15 to

T00421 convelaal 1 IniRebtaor P EEaR? ofeschl TRRSGH rEMBEPR S PRRRSS rocent

i nvention cpdacing seedmitylbaizedé)0thep processucbmaisingsseat ey tefiferep omddror

exanpl e Less_than 100 ppm water. In addition, the total feed typically
cont ai ns°| edkylaHam copditigpimwityenCagliyidias: agent 3o thppieseic ekangitdyitess™ t han
3 ppm sulf 3 S 1 exanpl e
| ess than wan pmé%???%gghgméﬁg%gﬂ%viﬁﬁ% ﬁfi/i[ %ﬁp?a{f%ﬁgg’t ngl;acp %ﬁat he
present procasting ondprosey dteatdpsoé nol ecul ar si eve of the MCM 22 famly. The

term"MCM 22 famly material™ (or "material of th 22 fam|ly" or
"nol ecul ar  si evel®F t RRNRFHDEIENZENS W 'a&fst'mﬁm"ﬁ%fmy‘%%&ag? 2 a5 used
herein, i nchudas Q¢ s@ke HPfo%ldﬁée' ar??lk%'ti@ﬁ%hﬂfenﬁfxﬁﬂﬁﬁsiﬁgﬁé‘c-ﬁﬁt BeAzdn@MTON

first degree crystalline building block unit cell, which unit cell has the
MAWV f r arBwoarkd sropasitasyenz¢én®; andt cel | is a spatial arrangenment of atons

which if tiled ip.three-dinmensional e describes the c tal structure.
Such crystal st r (it ur e Beqril IR eadBl RERES S A e S e Epbhonnor k
Types", Fi félha@fijhﬂk?fﬁﬂn 384t in hhea® Bhé hEthePERABlGNta@f. Whi ch is.incorporated
as reference); nolecular sieves nmade froma common second degree buil ding
bl ock, bei nY030b- diGrsrysnisndy, sdid iigaction stages MeveIndastedoink at BlgBlisgyfuni t
cells, form - i 1 hic r I one
c-unit cell %aﬁ?)cazndgigg;%%{eggﬁ Isgr?e%sﬁ%g\?tggﬁ%Aégkwrgo%&ﬁ%m%’ ggggggi%‘ggr ee
bui | di n@g5bl bsiks ,indbeduegd liaywers 6itst olaction patecaidamidonlkylating apehi btiagckness,

wher ei n thegile[%yer 5 of nmore than one unit cell thickness is nmade from
&

stacking, p AGEUBIenSRRdPAGICR“OPetast two nonol ayers of one unit cel |

thi ckness. Eﬁ@@l]st aqidR@nithtly YRORDRLART sSIbERMEMIDIGR1PGkSaf RO 1N a
regul ar fashion, an irregular fashion, a random fashi on, or any cohbi nation
t her eof ; andiffractiomplatieml iacludingwk spacagenbpyimany 12&d0128r 6 O0rlanddrh0.07

2-di nensi onal , or,.3- .10di nensi anal conbi nati on of unit.,cel ving the MAW
 amenr kU B, P 0.07 R S CTPL DRl O ey S MER AR Y e
t hose nmpbecitcRide VIEWES2h@YHNY SS7-X5) BRBA] fIT@et IDQ-NavCar36] MdEMdi9)g

d-spacing nmaxi na at 12.4+0. 25, 6.9+0.15, 3.57+0.07 and 3.42+0.07_ Angstrom
The X-ray dMGMax: leiM1& apdtmaixtiyes theseadh diraierably, zbe mmdeqpdaresievs) ofathe

obt ai ned by r t.echni L NG ¢ | - r as

i nci dent ralt\j/ll%e%\? ir%ﬁfagrﬁldf gﬁg%lg éf{rggcft%neq?g}\& te}gh:ﬁg)%%ﬁ% 1?@1\?1 5(S%E:ian({ ilﬁ?%lgon
count er andthagefici ated conputer as the collection system [0045] Materials
of the MCM 22 famly include MCM 22 (described in U S. Patent No.

4,954, 325), (093] 3 eneply the Gy gkylplpg agengompriesy 24lgwpr batspeoforog
(described | . 4 , 6 = T SGCLil i ean
batent R, BI85 RO SRR o hme BBy S Bl T o0 2
(described ¢comtdineemreamixeddl,s sRabmnsucRub hiRadfinder2Noear97117290), MCM 36
(descri bed | HS. Pat ent glo 5, 250, 27@, MCM 49, (described in U.S. Patent
No. 5. 236, SHMP3T NOWB 6 Yedes dPithdy Fhech, ¢ migtshl RSeNEDnsSsiges7yn B8 5
(described piyidesenPab@idd MNothe 29reét pro@u@3Phn 2R8HHatBs Xl R Fort eE&_fandb! ecul ar
sieves of the MM 22 famly are preferred as the al kylati on catal yst since
t hey have bemtrifingibdtwesnimabohti @] wikeindeboutel widoohbuignedligemen. of

sec- but y}.be ne, as re ith the other butyl penzene i.soners.

B of or ey ORA! 1o B & e Srgdl R ar] SepdST fies © CoyoNS 56 and
(c) i sotypeforpfodieiMedheatthniiahdtR, etis kBtons, thd rotess3@miRffzl The al kyl ation
catal yst can include the nol ecular sieve in unbound or self-bound form or,
alternatively, the nol ecular sieve can be conbined in a - 12 -

conventional manner wi th an oxide binder, such as alum na, such that the
final al kylation catal yst contains between 2 and 80 wt % si eve. [0047]In one
enbodi nent, the catalyst is unbound and has a crush strength much superi or
to that of catalysts formulated with binders. Such a catalyst is 5
conveniently prepared by a vapor phase crystallization process, in
particul ar a vapor phase crystallization process that prevents caustic used

o I L 1



15 butyl benzene, the effluent fromthe al kylation reaction will normally
contain sone polyal kyl ated products, as well as unreacted aromatic feed and
t he desi rwo 20emo3dsky| at ed speci es. The unreact ed aronat PCTiEPe@7ios1209r nal |y
recovered by distillation and recycled to the al kylation reactor. The
bottons fromthe benzene distillation aq'e further distilled to separate
monoal kyl at ed product from any 20 pol yal kyl at ed products and ot her heavi es.
Dependi ng on the anobunt of polyal kyl ated products present in the al kyl ation
reaction effluen€a) itreaeyndbenienc rvali et leastt orenBadak plutne unider plidylatibky| at ed

products with additignal benzene to maxjim ze the, production of the desired
monoal kyl at SRS and 10y §sRIESTISH ] & \FRLREYSHAO \HI?CHR’Q&H} ?M%QP“HEHQ%e is

typical l'y eldgsigsh lah 1&s293 LW ARSRL i AbdMIend GRE 1% thif PRRAYE of batBnkhe

al kyl ati on reactor, over a suitable transal kylation catalyst, such as a

mol ecul ar soélegomear$; t he MCM 22 fanmily, zeolite beta, MCM 68 (see U S. Patent
No. 6, 014, 018), olite,hY.and_ nordeni t%.j Mol ecul ar (s eves of, the MCM 22
fam |y include 220%giAng | Higg sepbutddensgiconfron), (a) &% ,4prosce  psry 3
(descri bed eréengﬁy&%E%MQidéa&?& 409), SSZ-25 30 (described in U S.

Pat ent No. 4,%26, 667), ERB-1 (described in European Patent No. 0293032),

| TQ- 1 (described(@n Lrlsavag dret hydso:ravide 498) (b) ItT @ralugcel phenol bed niethyl

I nt ernat i on%k‘ 1Paiioent Publ i cati on No, W97117290), MCM 36 (described in U S.
- 14 - Pat eAPYNS©O: 050 277), MOV 49 (described in U S. Patent No.

5, 236, 575) , [0bRAH6 ((dﬂﬁ@lﬁikﬁlﬁ% ihe &kidizidBal®nts dbhdubtedCid, BR7presddét &t a
(described In U S. Patent . 6,756,0 Oé, and m xtures thereof. The

t ransal k| a¢atalpsty Bigbtap areatadyst yeleetad fipncdhaexethydrurey badesedlgganysdgari al

| i qui d phas 154 j | | y:.\i nel ud 100 to
300G, o pr gy Sorapled et dnBHighe® Lol ot Guioke] SEBEERUAR R %0 ' T
to 50 hri ometabt@hplerddyingndmixddangiahedrpodneahbtyl of thd cosnzang a\devaldiit rati o
of 1 to 10. Sec-Butyl Benzene Oxidatiaqn 100541l n order, to convert the

sec- but yl beWs@h&elerEd famedr Ghd ety dmypnd moixies Hisreafjpgd another

sec- but yl beg@N@einy h Hibiah hepXisdicZRE &Omt I FOMNIESBANA Ny liipRer oxi de.
This is acconplished by 1 ntroduci ng an oxygen-containing gas, such as air,
into a M§quthdrepfiden andWwhailmixygubsidutsd cyblin yhide nitkerelondmiriik ¢hecpresmeg

at nospheri c_air. oxi dati on. of sec-buty. ne.in the absence of a_catal yst
s ery i 17 U Tl AfiuBlor” 855 TR IR AT By s aftnane deRssGHE o
pressure, sgéne bp iRULY | REREENSTI S REOtra@hiB€stor. WMTh| heCUBH@ENRNKE, dhges very
wel | under the sane conditions. At higher tenperature, the rate of

at nospher i coxdizating eptalysins ahetgmgsneapsisatabshe | nproves; however, hi gher
tenperature o] | QU £ .Ga f ] - ts.
1005511 npro g%@?\t s@oﬁg?ﬁgn@ég@% {)%l(rq&;ﬁ&aﬁ Qs\zgﬁggnsdglftgg?d ?\%ﬁ%@s %gﬁél%gf aclﬁ?eved by
20 per f 20 m Y Csocabout 0IFENZRNE pressdatof @about). § e alpsie 20Neosghesesqddad yst .

Sui t abl e sechutyl benzene catal ysts include a water-sol uble chel ate conpound
in which nu%qqod%pﬁ?'ate | i gands are coordinated to at | east one netal from
cobal t, ni cjgghy; MRGANES tif,otmeeélea\ﬂﬂg (&J 98- cohdiRGed ip: thEas 8RN a
4,013,725). More preferably, a heterogeneous catal yst Is used. Suitable

het er ogeneousalgst alhestagalpstecaddrca hbmdgéneol$ otJhSerdganent cilalyss, 1183n845,
wherein the catal yst is xo (hydroxo) bridged 1etrgpucl eaf nmanganese
conpl ex anderPl?'no‘%f“é'.lt’ @ﬁtcéﬁ‘?ys .aé‘?’é%@,“@% C%ésgeﬁ”ﬁ f‘?]%ue} CAYst conprises an
oxo (hyds oxl;obzéarl dgemvEQathRN Uk BRAVIRBYE) isCMBLAX] heY itdifp&atitecetatmit al core,
one netal of the core being a divalent netal selected fromzn, Cu, Fe, Co,
Ni , Mh and 48°¢t wr a@wut H@0¥ofa aredswanctfbound®@ito bedui @ SQ0tkRay ahdntliqred al 30
selected fromln, Fe, M and m xtures thereof, The entire

Gt scr osur s BYaRRE LBty RSP AR ot haraeia S brion T it Bdhce. -
15 - [0056] @gher! suitable catalysts for the sec-butyl benzene oxidation step
are the N-hydroxy substituted cyclic imdes described in U S. Patent No.

6, 720, 462 and incorporated herein by reference, such as

N- hydr o %pht hal i m de, 4-am no- N

hydr oxyg t hal i m de, 3- am no- N- hydr oxypht hal i m de, tetrabrono-N- 5

hydr oxypht hal i m de, tetrachl oro-N-hydroxyphthalim de, N hydroxyhetim de,
Nhydr oxyhi m m de, N- hydroxytrinel litim de, N-hydroxybenzene-1, 2, 4-

tricarboxi m de, N, Ndi hydroxy(pyronelliticdiimde),N N - ‘

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

N- hydr oxymal ei m de, pyridi ne-2, 3-di car boxi m de, N hydroxysucci ni m de,

N- hydroxy(tartaric imde), 10 N hydroxy-5-norbonene-2, 3-di car boxi m de,

exo- N- hydr oxy- 7- oxabi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3- di car boxi nm de,

N- hydr oxy- ci s- cycl ohexane- 1, 2- di car boxi m de, Nhydroxy-ci s-4-cycl ohexene-1, 2
di car boxi m de, N-hydroxynaphthalim de sodiumsalt or

o - -~ . I -



Exanpl e 1 (Conparative) Sec-butyl benzene synthesis with MCM 22 and
single-step addition of 1- butene [0064] A sanple of fresh MCM 22 cat al yst
wi th a nowDread7/wessposi ti on of 30 80% zeolite and 20% Ve PSAUEP3@0/0ad2051 na,
extruded to 1/16 inch (1.6 nm dianeter cylinder form was dried at 260C
for a mninmumof 2 hours before testlng7 0.5 grams of catal yst (containing
0.4 grans of zeolite) was | oaded - between two 0. 25-inch | ayers of
inert, 8-grit quartz particles that had previ ously been dried at 121C until
| oaded i nt oBRMEFQ)ESCRMBTmNdDFIH{EmkAWINES granms of reagent grade

benzene was %ggﬁ Lﬁo qoo m bak1 t ocl ave reactar. g% sa Ie asket
assenbl y wal9923kt alhi@yeilropmpares f %é?ca YOERRANG CORYISISR Dat ch
reactor msE?ﬁﬂ@S@b?&'l@%trﬁﬂ%gat C%(Yﬂngram’é Bro'é‘é’sstnﬁ BE@ntidlE dﬁlré ggdation of

air fromthe space actor was ressure to about 200
psig (1480 bRglbemicnh. N2 to ensure pr oper sealing and absence of | eaks.
Pressure_wa uc t 0 ,about 50 kPPa d about 100 psig (791
ke of - Ro- U030 cdel® et thotsh tir besiend 45 guntorite tshiy 4t ade
1-butene fr@m &o&és@éLSBP'Ex‘Aﬁ@%W]tQ nnw;mt hﬁt Qﬁtact‘,oﬁxﬁﬁﬁh% prddeSs Remgene to
1-butene ratio was 6:1 by weight and 4.3:1 by nole. [0065] Reactor contents
were m xed substh@Odly purewed-butylbgsranecal |y positioned inpeller located in the
center of the stationary sanple basket. The reactor was heated to 160C in
about 20 m nutes using a programmuabl e aut ocl ave controller to 15 maintain
const ant raDETfmmmES@'&HeTH)NV(ﬁ?TﬁEE'MB@@HMEH”I‘SGWDGVatUre the reactor
pressure was I ncreased between 600 and 700 psig (4746-5537 kPa) by adding
more N219o0 10981kystlde pﬁé@mtm@m&qw zlerp@e«}vetg # auesage dor repducH ﬁ@ﬂ nt at

whi ch t enpe r nd, pr 6 p [ ai ned
and st abl e.gﬁﬁféegzeeglct})g ael;ﬁ)glr%flg%l gg'%ehl s1 evaICu“at%ﬁ(a/ %&s%gg%oﬁarng grrpl es (1
cc each) 20comeemingakien sed-bitylheurerened eiensls ahdr mefhiyhnahylskstondt tihe end of

the reaction period, the run was discontinued, the reactor cooled to

anbi ent contANVEGIRD ameplvase R oxidiging RicoarrchutyDenirarety PRdueE Weal ysi s.
[ 0066] Produ sition
of 1ight coﬁ%ﬁg%%% h Hﬁgg\%}g@fa&ﬁgﬁe@ (\%g%‘h? éﬁ%?%:égnwgoﬂﬁ{gg‘gog@gggl ved in
i quid 25 pivadece thhdearedlphsna arwdanshaylfa&u)dkdtomm ng an HP 6890 GC equi pped

th DB- 1 2 it fil d RD
et actor AGSS T b aaenli BE M Blion s bed p gt st el SEREsEa  no
col um and §hetd @udv@mmsécamﬂb@ftz@h@t@ﬁ@% omamgsrgdlr&&rmaé RIHTRAI

anal ysis: injection with 2-mnute hold at C, at 8Cmn to 2750

hol d at 275®nfisive 36 prgsaneeesf bg@nﬁehg@ngré inatbe @i@lmeefﬂge@i t Mogesygert GC

ar ea- based p c el sion was

det er m ned yaﬁleé‘gtﬁﬁfg%gg%rﬂg ggge)r?fc ﬁg Ceﬁaﬁlhﬁg ghg(ra H’leE |h\?gét% §ﬁyfn%epgo ﬁ%tene

Dat a obpai neaiyfcrdsmtd that ﬁﬂ@bkbalt)ilbéhzeﬁe imxcingalce cin getttal rgadilyageparaeqiofiérad i n

Table I. Table | th Single- Sttg Addition of 1-Butene in a Batch
AP

React or Hou?lgy]éﬂo%ﬁfﬂé‘&m 'F)éétﬁ“ﬁ%t}@!t—T% rgsght igventiog sesce-PrRpidg ANy at i o
1.0 6.0 4. 3all?</yl trlgragr&e’s)s ?’n RdlcAindwhicl e Anfbuit 8f Bufenf o‘fﬁggm@!'ét e

Conver si on Pivi ty, W% 72.4 83.7 90.9 94.9 97.1 i-Butane
0. 058 0. 051albyledén Pra@iit is reduced to less than 1 wt %, preferably less than 0.7 wt%,
and most preferably less than 0.5 wt%.
25 [0033] It is to be appreciated that the process of the invention, as with any
alkylation process, produces an effluent that contains unreacted benzene (typically
about 60%) as well as the alkylated species, including sec-butylbenzene and
polybutylbenzenes. As used herein, the term “alkylation product” refers to the
portion of the effluent that contains the alkylated species but excludes the

30 unreacted benzene. Hence a benzene distillation column, or other separation unit,

is needed to convert alkylation effluent to “alkylation product”, and an s-BB



0. 039 n-Butane 0.229 0.193 0.173 0.153 0.143 Cs-C7 0.169 0.139 0.132 0.124
0.135 C8= 1.669 1.498 1.319 1.163 1.128 C0-11 0.131 0.096 0.076 0.086 0.079
Cl2= ClOowGReo7Ave3sat i cs 0. 112 0.105 0.122 0.113 0. 131 Cr8TFR20706R20D. 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 0.000
s- But yl benzene e

distillation column, or other separation unit, is need to convert the "alkylation

product” to sec-butylbenzene.

Benzene Alkylation

[0034]

5 butylbenzene can be any commercially available benzene feed, but preferably the

The benzene employed in the alkylation step to produce sec-

benzene has a purity level of at least 99 wt%.
[0035]

butene-1, butene-2 or a mixture thereof. The alkylating agent can also be an

The C4 alkylating agent comprises at least one linear butene, namely

olefinic C4 hydrocarbon mixture containing linear butenes, such as can be
10 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.

[0036]

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

For example, the following C; hydrocarbon mixtures are generally

15 steam cracked butene stream, Raffinate-1 (the product of remaining after solvent
extraction or hydrogenation to remove butadiene from the crude steam cracked
butene stream) and Raffinate-2 (the product remaining after removal of butadiene
and isobutene from the crude steam cracked butene stream). Generally, these

streams have compositions within the weight ranges indicated in Table A below.

20 Table A
Component | Crude C, Raffinate 1 Raffinate 2
stream Solvent Hydrogenation Solvent Hydrogenation
Extraction Extraction
Butadiene 30-85% 0-2% 0-2% 0-1% 0-1%
C4 0-15% 0-0.5% 0-0.5% 0-0.5% 0-0.5%
acetylenes
Butene-1 1-30% 20-50% 50-95% 25-75% 75-95%
Butene-2 1-15% 10-30% 0-20% 15-40% 0-20%
Isobutene 0-30% 0-55% 0-35% 0-5% 0-5%
N-butane 0-10% 0-55% 0-10% 0-55% 0-10%
Iso-butane 0-1% 0-1% 0-1% 0-2% 0-2%




90. 113 90. 703 91. 050 91.089 91. 279 n-Butyl benzene 0.011 0.015 0.013 0.015
0.014 Di - butyl benzene 7.012 6.591 6.459 6.636 6.526 Tri-butyl benzene 0. 355
0. 299 0. 3506 2007383350. 349 Heavi es 0.028 0.194 0. 138 0. 045P0TEP20030M2090. O

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

0.038 0.038 0.042 0.046 0.050 i-B13*/al| BB, % 0.000 0.000 0.000 0.000

0.000 s-BB/all BB, % 99.950 99. 945 -9-

10

15

20

25

30

35

[0037] 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%

[0038]} 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%

[0039] Any one or any mixture of the above C, hydrocarbon mixtures can be
used in the process of the invention. In addition to linear butenes and butanes,
these mixtures typically contain components, such as isobutene and butadiene,
which can be deleterious to the process of the invention. For example, the normal
alkylation product of isobutene with benzene is tert-butylbenzene which, as
previously stated, acts as an inhibitor to the subsequent oxidation step. Thus, prior
to the alkylation step, these mixtures preferably are subjected to butadiene
removal and isobutene removal. For example, isobutene can be removed by
selective dimerization or reaction with methanol to produce MTBE, whereas
butadiene can be removed by extraction or selective hydrogenation to butene-1.
Preferably, the C, alkylating agent employed in the process of the invention
contains less than 1 wt% iso-butene and less than 0.1 wt% butadiene.

[0040] In addition to other hydrocarbon components, commercial Cy4
hydrocarbon mixtures typically contain other impurities which could be
detrimental to the alkylation process. For example, refinery C4 hydrocarbon

streams typically contain nitrogen and sulfur impurities, whereas C4 hydrocarbon



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 W Ratio, %7.8 7.3 7.1 7.3 7.1 5
Al'l sanplwe 2@ldigssted at 160C, 600-700 psig with 150 g eCrreaenerzand 25 g
of 1-butene. * i-Butyl benzene Iess than 0.5%in total butyl benzene not
detectable with GC used. Exanple 2 (ConBar ative) 10 Sec-Butyl benzene
synthesis using MCM49 with singl e-ste[}) addition of 1- Butene [0067] The
process of Exanple 1 was repeated but using a fresh MCM49 catalyst with a

nom nal confifdahdsi GHtaigkd w/@%)ﬁgéhht%eccﬁlﬂgrs%‘ypﬁé@éﬁadyrf&ﬂy aodtiim anrea¥teduded t o
1/16 inch cylinder form Data are reported in Table 2. WO

21) 1) 711) 93®EPEAteEmrhwae00 Thos prio1 o thepdipiletion stappithess nyjxtusesInAy RO St ep

Addi tion of,_1- i n Bat ch Reagto . t e = Wi ght
ati o Feed PEPRIERE . Pnd o Rl o SRl lpril udlsH fe R CREE Rl o°:%
4.3 5.0 6. Orefno¥aBuh eidditionnteehifthdibne fénkvatiagd isobLat irembyal. VR 8mdthl H82. 2

89.0 93.2 95.3 ' _ _ _
5 sulfur, nitrogen, oxygenate impurities is conveniently effected by one or a

combination of caustic treatment, water washing, distillation, adsorption using
molecular sieves and/or membrane separation. Water is also typically removed by
adsorption.

[0041] Although not preferred, it is also possible to employ a mixture of a Cy4

10 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
acetone and MEK, along with phenol, preferably where the molar ratio of acetone

15 to phenolis 0.5:1, to match the demand of bisphenol-A production.

{0042} Conveniently, the total feed to the alkylation step of the present
invention contains less than 1000 bpm, such as less than 500 ppm, for example
less than 100 ppm, water. In addition, the total feed typically contains less than
100 ppm, such as less than 30 ppm, for example less than 3 ppm, sulfur and less
20 than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm, nitrogen.
[0043] The alkylation catalyst used in the present process is a crystalline
molecular sieve of the MCM-22 family. The term “MCM-22 family material” (or
“material of the MCM-22 family” or “molecular sieve of the MCM-22 family” or
"MCM-22 family zeolite"), as used herein, includes one or more of:

25 ¢ 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
space describes the crystal structure. Such crystal structures are discussed
in the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the entire

30 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,



i -Butane 0.058 0.045 0.041 0.039 0.041 n-Butane 0.203 0.154 0.139 0.133
0.138 C5-C7 0.187 0.146 0.130 0.115 0.128 C8= 1.484 1.302 1.201 1.078 1.068
C9-11 0. M 20071092350. 094 0. 089 0. 086 Cl2= + C o0- CH Ar onaPCTEPR0TDB1205 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 (i) 036 0.038 0.041 0.043

i -Butyl benzene " 0.000 o

forming a monolayer of one unit cell thickness, preferably one c-unit cell
thickness;

e molecular sieves made from common second degree building blocks,
being layers of one or more than one unit cell thickness, wherein the layer
5 of more than one unit cell thickness is made from stacking, packing, or
binding at least two monolayers of one unit cell thickness. The stacking of
such second degree building blocks can be in a regular fashion, an

irregular fashion, a random fashion, or any combination thereof; and
e molecular sieves made by any regular or random 2-dimensional or 3-
10 dimensional combination of unit cells having the MWW framework

topology.

[0044] Molecular sieves of the MCM-22 family include those molecular
sieves having an X-ray diffraction pattern including d-spacing maxima at
12.4+0.25, 6.940.15, 3.57+£0.07 and 3.42+0.07 Angstrom. The X-ray diffraction
15 data used to characterize the material are obtained by standard techniques using’
the K-alpha doublet of copper as incident radiation and a diffractometer equipped

with a scintillation counter and associated computer as the collection system.
[0045] 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
20 (described in U.S. Patent No. 4,826,667), ERB-1 (described in European Patent
No. 0293032), ITQ-1 (described in U.S. Patent No 6,077,498), ITQ-2 (described in
International Patent Publication No. W097/17290), MCM-36 (described in U.S.
Patent No. 5,250,277), MCM-49 (described in U.S. Patent No. 5,236,575), MCM-
56 (described in U.S. Patent No. 5,362,697), UZM-8 (described in U.S. Patent No.
25 6,756,030), and mixtures thereof. Molecular sieves of the MCM-22 family are
preferred as the alkylation catalyst since they have been found to be highly
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.
30 [0046] The alkylation catalyst can include the molecular sieve in unbound or

self-bound form or, alternatively, the molecular sieve can be combined in a
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conventional manner with an oxide binder, such as alumina, such that the final
alkylation catalyst contains between 2 and 80 wt% sieve.
[0047] 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
5 conveniently prepared by a vapor phase crystallization process, in particular a
vapor phase crystallization process that prevents caustic used in the synthesis
mixture from remaining in the zeolite crystals as vapor phase crystallization
occurs.
[0048] The alkylation process is conducted such that the organic reactants,
10 1.e., the alkylatable aromatic compound and the alkylating agent, are brought into
contact with the alkylation catalyst described above under effective alkylation
conditions controlled so as to maximize the conversion to sec-butylbenzene and
minimize the formation of butene oligomers. In particular, a large stoichiometric
excess of benzene is fed to the alkylation reaction and the local concentration of
15 the alkylating agent is reduced preferably by staged addition of the alkylating
agent. This is conveniently achieved by providing the alkylation catalyst in a
plurality of fixed bed reaction zones connected in series. Most or all of the
benzene is then fed to the first reaction zone, whereas the alkylating agent is
divided into a plurality of equal or different aliquot portions, each of which is fed
20 to a different reaction zone. Alternatively, the alkylation reaction can be
conducted in a catalytic distillation reactor, with the alkylating agent being fed to
the reactor continuously or in stages over the course of the reaction. In either
case, the total amounts of benzene and alkylating agent fed to reaction should be
such that the overall molar ratio of benzene to alkylating agent is from about 1 to
25  about 20, preferably about 3 to about10, more preferably about 4 to about 9.
[0049] In addition, the alkylation conditions conveniently include a
temperature of from about 60°C to about 260°C, for example between about
100°C and about 200°C, a pressure of 7000 kPa or less, for example from about
1000 to about 3500 kPa, and a weight hourly space velocity (WHSV) based on C,4
30 alkylating agent of between about 0.1 and about 50 hr'', for example between
about 1 and about 10 hr™'.
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desirable to transalkylate the polyalkylated products with additional benzene to
maximize the production of the desired monoalkylated species.
[0053] Transalkylation with additional benzene is typically effected in a
25 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
30 (described in U.S. Patent No. 4,826,667), ERB-1 (described in European Patent
No. 0293032), ITQ-1 (described in U.S.Patent No 6,077,498), ITQ-2 (described in

International Patent Publication No. W097/17290), MCM-36 (described in U.S.
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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
5 temperature of 100 to 300°C, a pressure of 1000 to 7000 kPa, a weight hourly
space velocity of 1 to 50 hr'' on total feed, and a benzene/polyalkylated benzene
weight ratio of 1 to 10.
Sec-Butyl Benzene Oxidation
[0054] In order to convert the sec-butylbenzene into phenol and methyl ethyl
10 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,
atmospheric air oxidation of sec-butylbezene in the absence of a catalyst is very
difficult to achieve. For example, at 110°C and at atmospheric pressure, sec-
15 butylbenzene is not oxidized, while cumene oxidizes very well under the same
conditions. At higher temperature, the rate of atmospheric air oxidation of sec-
butylbenzene improves; however, higher temperatures also produce significant
levels of undesired by-products.
[0055] Improvements in the reaction rate and selectivity can be achieved by
20 performing sec-butylbenzene oxidation in the presence of a catalyst. Suitable sec-
butylbenzene catalysts include a water-soluble chelate compound in which
multidentate ligands are coordinated to at least one metal from cobalt, nickel,
manganese, copper, and iron. (See U.S. Patent No. 4,013,725). More preferably, a
heterogeneous catalyst is used. Suitable heterogeneous catalysts are described in
25 U.S. Patent No. 5,183,945, wherein the catalyst is an oxo (hydroxo) bridged
tetranuclear manganese complex and in U.S. Patent No. 5,922,920, wherein the
catalyst comprises an oxo (hydroxo) bridged tetranuclear metal complex having a
mixed metal core, one metal of the core being a divalent metal selected from Zn,
Cu, Fe, Co, Ni, Mn and mixtures thereof and another metal being a trivalent metal
30 selected from In, Fe, Mn, Ga, Al and mixtures thereof. The entire disclosures of

said U.S. patents are incorporated herein by reference.
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[0056] Other suitable catalysts for the sec-butylbenzene oxidation step are the
N-hydroxy substituted cyclic imides described in U.S. Patent No. 6,720,462 and

incorporated herein by reference, such as N-hydroxyphthalimide, 4-amino-N-

hydroxyphthalimide, 3-amino-N-hydroxyphthalimide, tetrabromo-N-
5 hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide, N-hydroxyhetimide, N-
hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-1,2,4-
tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-

dihydroxy(benzophenone-3,3',4,4'-tetracarboxylic diimide), N-hydroxymaleimide,
pyridine-2,3-dicarboximide, N-hydroxysuccinimide, N-hydroxy(tartaric imide),
10 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. Preferably, the catalyst is N-
hydroxyphthalimide. Another suitable catalyst is N,N',N"-thihydroxyisocyanuric
15 acid.
{0057} 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.
[0058] Suitable conditions for the sec-butylbenzene oxidation step include a
20 temperature between about 70°C and about 200°C, such as about 90°C to about
130°C, and a pressure of about 0.5 to about 20 atmospheres (50 to 2000 kPa). A
basic buffering agent may be added to react with acidic by-products that may form
during the oxidation. In addition, an aqueous phase may be introduced, which can
help dissolve basic compounds, such as sodium carbonate. The per-pass
25 conversion in the oxidation step is preferably kept below 50%, to minimize the
formation of byproducts. The oxidation reaction is conveniently conducted in a
catalytic distillation unit and the sec-butylbenzene hydroperoxide produced may
be concentrated by distilling off the unreacted sec-butylbenzene prior to the
cleavage step.

30
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Hydroperoxide Cleavage
[0059] The final step in the conversion of the sec-butylbenzene into phenol
and methyl ethyl ketone involves cleavage of the sec-butylbenzene hydroperoxide,
which is conveniently effected by contacting the hydroperoxide with a catalyst in
5 the liquid phase at a temperature of about 20°C to about 150°C, such as about
40°C to about 120°C, a pressure of about 50 to about 2500 kPa, such as about 100
to about 1000 kPa and a liquid hourly space velocity (LHSV) based on the
hydroperoxide of about 0.1 to about 100 hr, ﬁreferably about 1 to about 50 hr.
The sec-butylbenzene hydroperoxide is preferably diluted in an organic solvent

10 inert to the cleavage reaction, such as methyl ethyl ketone, phenol or sec-
butylbenzene, to assist in heat removal. The cleavage reaction is conveniently
conducted in a catalytic distillation unit.

[0060] The catalyst employed in the cleavage step can be a homogeneous
catalyst or a heterogeneous catalyst.

15 [0061] Suitable homogeneous cleavage catalysts include sulfuric acid,
perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.
Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also
effective homogeneous cleavage catalysts. The preferred homogeneous cleavage
catalyst is sulfuric acid

20 [0062] 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 U.S. Patent No. 4,870,217,
the entire disclosure of which is incorporated herein by reference.

[0063] The following Examples are given for illustrative purposes and do not

25 limit the scope of the invention.

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

[0064] A sample of fresh MCM-22 catalyst with a nominal composition of
30 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
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sample basket assembly was installed in the autoclave reactor and sealed. The
5 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
10 into the batch reactor. The benzene to 1-butene ratio was 6:1 by weight and 4.3:1
by mole.
[0065] Reactor contents were mixed at 1000 rpm with a vertically positioned
impeller located in the center of the stationary sample basket. The reactor was
heated to 160°C in about 20 minutes using a programmable autoclave controller to
15 maintain constant ramp rate and temperature. After reaching temperature, the
reactor pressure was increased between 600 and 700 psig (4746-5537 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 (1 cc each)
20 were taken at 1-hour increments for GC analysis. At the end of the reaction
period, the run was discontinued, the reactor cooled to ambient conditions and the
total liquid product recovered for GC analysis.
[0066] Product analysis by GC was based on the assumption that composition
of light components in the vapor phase was identical to those dissolved in liquid
25 phase. The analysis was performed using an HP 6890 GC equipped with a DB-1
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.
30 Response factors were used to convert GC area-based data to actual composition

in the product. Butene conversion was determined by measuring unreacted butene
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relative to feed butene. Data obtained from the evaluation of Example 1 catalyst
are reported in Table 1.
Table 1. MCM-22 with Single-Step Addition of 1-Butene in a Batch Reactor

Hours on Stream 1.0 20 3.0 4.0 5.0
Feed Bz/C4= Weight ratio 6.0 6.0 6.0 6.0 6.0
Feed Bz/C4= Molar ratio 4.3 4.3 4.3 4.3 43
Butene Conversion, % 72.4 83.7 90.9 94.9 97.1
Product Selectivity, wi%
i-Butane 0.058 0.051 0.046 0.041 0.039
n-Butane 0.229 0.193 0.173 0.153 0.143
Cs-Cr 0.169 0.139 0.132 0.124 0.135
Ce= 1.669 1.498 1.319 1.163 1.128
Co-11 0.131 0.096 0.076 0.086 0.079
Ci2= + C10-C11 Aromatics 0.112 0.105 0.122 0.113 0.131
Ciz-1s 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-Butylbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 90.113 90.703 91.050 91.089 91.279 .
n-Butylbenzene 0.011 0.015 0.013 0.015 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
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)
10 Sec-Butylbenzene synthesis using MCM-49 with single-step addition of 1-
Butene

[0067] 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.

15
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Table 2. MCM-49 with Single-Step Addition of 1-Butene in a Batch Reactor

Hours on Stream 1.0 20 3.0 4.0 5.0
Feed Bz/C4= Weight ratio 6.0 6.0 6.0 6.0 6.0
Feed Bz/C4= Molar ratio 4.3 43 4.3 4.3 4.3
Butene Conversion, % 70.8 82.2 89.0 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
Co11 0.117 0.112 0.094 0.089 0.086
Ci2= + C40-Cy1 Aromatics 0.115 0.112 0.100 0.103 0.114
Ciz-1s 0.082 0.070 0.065 0.077 0.090
Cumene 0.011 0.012 0.014 0.015 0.017
t-Butylbenzene 0.036 0.036 0.038 0.041 0.043
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-Butylbenzene 0.012 0.015 0.014 0.013 0.013
Di-butylbenzene 6.999 6.723 6.360 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-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

[0068] 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

with N, to ensure the elimination of air from the head space. The batch reactor
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600- 700 psig. 5i-Butyl benzenc less than, 0.5%in total butyl benzene not
detectable with GC used. Exanple 5 Seecbutyl benzene synthesis with
jet-mlled MCM 49 and nulti-staged addition of equal anmounts of 1-butene 10

[00721A sanjpdscethen pfesgbd Mok 200 psiggt 480 kPdvian i, th ensvex propdeskating h Ver sa!
200 alumina into a 1/20 inch (1.3 mm quadrul obe catalyst with a nom nal

gozposi ti or?;‘éfabm?éé?aikﬁ-epaﬁéﬁuﬂw%sd?@}ﬁeﬂé? AP &9 R§1HM46 4PN 924 BqMont ai ni ng
ot acol o QBT (A9, 8800 RAARE ushl o BRRANElY HERGELCS pAlf offeafurf (ot ! On

prot ocol of S repea tta are reported |

2007/ 093357dradd EB2RAE [OGiL2 ftansfer2dssel Tiatbltlee tatchiehetht.l | ed MCM 49 wit h

Mul ti-Staged Addition of 1-Butene in a, Bat R Ho .
2.0 5.0 5 G086 peREarier vegHe wege TR0 Ddgpm with @ vertcally postioned

impeller located in the center of the stationary sample basket. The reactor was
heated to 160°C in about 20 minutes using a programmable autoclave controller to
maintain constant ramp rate and temperature. After reaching temperature, the
reactor pressure was increased between 600 and 700 psig ( 4746-5537 kPa)by
10 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 reagent grade l-butene was quantitatively delivered from a transfer
vessel into the batch reactor. This step-wise sampling and 5 gram 1-butene
15 addition procedure was followed until a total of 5 increments (including the initial
5 gram charge) of 1-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 cooled to ambient conditions and the total liquid product
20 recovered GC analysis. Incremental samples were also evaluated.
[0070] Product 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.
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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 21.5 10.7 7.2 5.4 4.3 Butene
Conver si OND 20079@335793. 1 93.7 93.2 93.1 Product Sel ecti vIPCF/BR2OG7/001205

i -Butane 0.051 0.044 0.038 0.040 0.037 n-Butane 0.197 0.157 0.136 0. 145
0.134 C.5-C7 0.439 0.254 0.162 0.101 02981 C8= 0.751 0.325 0.261 0.251

0. 247 Tl

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

Hours on Stream 1.0 2.0 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 5.4 4.3
Butene Conversion, % 94.7 95.5 95.9 95.8 96.6
Product Selectivity, wt%
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-Cr 0.442 0.233 0.204 0.141 0.109
Ce= 0.721 0.397 0.322 0.290 0.287
Co11 0.035 0.015 0.025 0.037 0.028
Ci2= + C10-Cy1 Aromatics 0.069 0.038 0.033 0.035 0.042
Cia-15 0.024 0.015 0.022 0.039 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 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, % 2.9 33 43 5.2 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 [0071] The evaluation protocol of Example 3 was repeated but using the
MCM-49 catalyst of Example 2. The results are summarized in Table 4.



C9-11 0.195 0.069 0.054 0.050 0.053 C12= + Cl10-C11 Aromatics 0.030 0.034
0.031 0.036 0.036 C13-15 0.022 0.028 0.024 0.030 0.035 Cunene 0.027 0.019
0. 012 0. OX0 20070108357 - But yl benzene 0. 064 0. 062 0. 059 0. O5PCO/EPRE)7/001205

i - Butyl benzene * 0.000 0.000 0.000 0.000 0.000 s-Butyl benzene 95.479 95. 827
95. 428 94. 937 94. 432 n-Butyl benzene 0.016 0.015 0.013 0.012 0.012

D - butyl benzene 2.294 2.914 3.621 4.159°4.681 Tri-butyl benzene 0. 138

Table 4. MCM-49 with Multi-Staged Addition of 1-Butene in a Batch Reactor

Hours on Stream 1.0 20 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 75 6.0
Feed Bz/C4= Molar Ratio 21.5 10.7 7.2 54 4.3
C4= Conv % 92.9 94.4 94.9 95.1 96.8
Product Selectivity, wt%
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
Ce= 0.650 0.446 0.326 0.318 0.273
Co11 0.045 0.046 0.042 0.030 0.034
Ci2= + C10-C11 Aromatics 0.043 0.046 0.042 0.036 0.036
Cia-15 0.028 0.028 0.027 0.034 0.037
Cumene 0.024 0.018 0.012 0.008 " 0.008
t-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 °~ 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 3.1 4.0 49 5.9

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 [0072] 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.

15



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-Butyl benzene (BB) Purity % t-BB/all BB, %

0. 067 0. 0806 2007003350. 060 0.058 i-BB*/all BB, % 0.000 0.0@QTAEP@G/0012000 0. 000
s-BB/all 513, 9% 99.916 99.920 99.925 99.927 99.929 n-BBiall BB, A 0.016
0.015 0.014 0.013 0.013 Sum % 100.0 139 0 100.0 100.0 100.0 D -BB/s-BB W
Ratio, %2.4 3.0 3.8 e

Table 5. Jet-Milled MCM-49 with Multi-Staged Addition of 1-Butene in a Batch

Reactor
Hours on Stream 1.0 20 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 21.5 10.7 7.2 54 4.3
Butene Conversion, % 92.4 93.1 93.7 93.2 93.1
Product Selectivity, wt%
i-Butane 0.051 0.044 0.038 0.040 0.037
n-Butane 0.197 0.157 0.136 0.145 0.134
Cs-Cr 0.439 0.254 0.162 0.101 0.081
Ce= 0.751 0.325 0.261 0.251 0.247
Co-11 0.195 0.069 0.054 0.050 0.053
Ci2= + C10-Cy1 Aromatics 0.030 0.034 0.031 0.036 0.036
Ciz-ts 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-Butylbenzene * 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-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-BBj/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, % 2.4 3.0 3.8 4.4 5.0
5 All samples collected at 160°C, 600-700 psig.

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

Example 6: Comparison of Batch Reactor Results

[0073] Table 6 compares batch reactor data of Examples 1 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.
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Conver si Or"Butene (,Tonverswn % v 97.1 95.3 96.6 96.8 93.1
Product Selectivity, wt%
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-Cr 0.135 0.128 0.109 0.105 0.081
Ce= 1.128 1.068 0.287 0.273 0.247
Cor11 0.079 0.086 0.028 0.034 0.053
Ci2= + C10-C41 Aromatics 0.131 0.114 0.042 0.036 0.036
Ciz-15 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 91.391 93.268 93.513 94.432
n-Butylbenzene 0.014 0.013 0.010 0.009 0.012
Di-butylbenzene 6.526 6.486 5.771 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.

[0074]

It is to be appreciated that at a 6:1 benzene/l-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



96.8 93.1 Product Selectivity, w% | -Butane 0.039 0.041 0.036 0.038

0. 037 n-Butane 0.143 0.138 0.124 0.131 0.134 C5-C7 0.135 0.128 0.109 0.105
0. 081 C38wW0.20@9335068 0.287 0.273 0.247 C9-11 0.079 0. 086TEPORE/0012034 0. 053
C 2= + Cl10-Cl1 Aromatics 0.131 0.114 0.042 0.036 0.036 C13-15 0.082 0.090
0. 037 0.037 0.035 Cunene 0.018 0.017 02912 0. 008 0.010

fixed bed system, there will normally be two or more catalyst beds, preferably
with a separate olefin feed injection zone upstream of at least two 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.

5 [0075] 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

10 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

[0076] 0.4 g of the jet-milled MCM-49 catalyst of Example S (but cut to 1/16
15 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 turned off and benzene was fed to
20 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
25 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.



t-Butyl benzene 0.046 0.043 0.057 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 bewioene/©35314 0.013 0.010 0.009 0.012 Di - butyl berzemP2@752R05. 486
5.771 5.547 4.681 Tri-butyl benzene 0.349 0.356 0.197 0.184 0.163 Heavi es
0.031 0.028 0.022 0.026 0.024 Sum 100.Q_100.0 100.0 100.0 100.0

s-Butyl benzene (BB) Purity, % t-BB’all BB, % 0.050

Example 8
Sec-butylbenzene synthesis with jet-milled MCM-49 in fixed-bed reactor at
6:1 benzene/2-butene molar ratio

[0077] 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 31 6:1

Feed Bz/C4= Molar Ratio 4.2:1 8.4:1

Days on Stream 1.8 28 6.8 7.8

Butene WHSV, h”' 4.0 4.0 2.0 2.0

Benzene WHSV, h' 16.7 - 16.7 16.7 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-Cr 0.055 0.059 0.099 0.107
Cs= 0.443 0.865 0.466 0.474
Co11 0.019 0.042 0.016 0.033
Ci2= + C10-C11 Aromatics 0.157 0.135 0.066 0.073
Ciz1s 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-butytbenzene 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 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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t he react or re@ticQ pesshite bpta IRGt6AGhEYraldr S SEE-BulydRmbart tWie Hekiddedy300 psig
(2170 kPa). Benzene flow was then reduced to 7.63 cc/hr. 2-Butene feed

(57. 1% ci sbduﬁelrhewnemdsv/é@ MRESHECRHB USTESRGP R Breuma)aghed @B’@mséﬁ‘é and :
1-butene, apd by %%Pem)rawe fh@tquﬁa&aeef&nf(;fgge aué,we POR MWl ST

cc/ hr. Feed enzene/ but ene rm ratio was mal nt ai ne
run. Theor eactaon00 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
25 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 period by replenishment from an oxygen PVT (pressure, volume,
30 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%.



25 tenperature was adjusted to 160C. Liquid products were collected at
reactor conditions of 160C and 300 psig (2170 kPa) in a cold-trap and

anal yzed wDf2007098357But ene conversi on was determ ned by meagreéoigoLens eact ed
butene relative to feed butene. Representative data are shown in Table 7.

- 26 - Exanple 8 Sec-butyl benzene synt gsis wth jet-mlled MCM49 in

fi xed-bed reactor at 6:1 benzene/ 2-buféhé nolar ratio 100771The process of
Exanple 7 was repeated but using 0.6 g of the jet- 5 mlled MCM 49 catal yst
of Exanpl e Bx4mple 1@ 1/16 inch [L6 min] length) and with the feed

benzene/ but @aflatidnarof 8éd-Puyfiehzen® i piotiueed i el fB¥d tregctBAt hf €3:1un
(benzene atbén’lzef}g/bgﬁ{deqnoﬁp aigtene at 1.93 cc/hour). Representative data

are al so shown in Tab Tabl e 7. sec-Butyl benzene Production with

Jet-M11ed MO8LKO |Inqundxwdbeta modeera@dt oY mﬂmm’iﬂ & Hweeddied maptoamsl E18 Feed

/ d /
o cam 155 Bira R RehS SRl e Sfmpiigt g Tk e, Biscgdi eSerbed iy’ 2]

16.7 16.7 1Bxample. 9 VALt RNRWedNRRT st Wty 18(ex%né30so‘?5ncﬂala&7 .o&idatién 33s&y-oduct
Selectivity wt % i - Butane 0. 003 0. 003 0. 000 0. 000 n-Butane 0.000 0.000

0. 000 0. ooobut¥lberzemeoemnversymp was 14.0 wt% and selectivity to sec-butylbenzene
hydroperoxide was 91.0 wt%.

Example 11:
10 Oxidation of sec-butylbenzene produced in fixed bed reactor at 6:1
benzene/butene molar ratio

[0082] 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-

15 Dbutylbenzene conversion was 21.9 wt% and select1v1ty to sec-butylbenzene
hydroperoxide was 92.8 wt%.

Example 12:
Comparison of sec-Butylbenzene Oxidation

{0083] Figures 1 and 2 compare the sec-butylbenzene conversion and sec-
20 butylbenzene hydroperoxide selectivity respectively of the processes of Examples
9 to 11 with that of comparative process using TCI sec-butylbenzene (containing
19 ppm olefinic impurities) as a bench-mark material.
[0084] 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
25 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 TCI sec-
butylbenzene (24.8% conversion). |
[0085] Figure 2 shows the improvement in sec-butylbenzene hydroperoxide
30 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
benzene/butene molar ratio of Example 10 (91% selectivity) and the TCI feed
(91.4 % selectivity).



0.099 0.107 C5= 0.443 0.865 0.466 0.474 C9-11 0.019 0.042 0.016 0.033 C12=
Cl0-Cl Aromatics 0.157 0.135 0.066 0.073 C13-15 0.158 0.166 0.062 0.071
Cunmene 0.R020@/@33570. 156 0. 159 t-Butyl benzene 0.093 0. OPBTMEPRING/0012058

i - Butyl benzene * 0.000 0.000 0.000 0.000 s-Butyl benzene 92. 547 93. 054

96. 257 96. 244 n-Butyl benzene 0.013 0.0Q9 0.011 0.010 Di - butyl benzene 5.546
5.040 2.667 2.620 Tri-butyl benzene 0.26570.287 0.113

[0086] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

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



0. 125 Heavies 0.320 0.013 0.010 0.016 Sum 100. 000 100. 000 100. 000

. 100. 000 s-Butvl benzene (BB) Purity, A t-BB/all BB, %0.100 0.084
~0.081 0.071 i-B131/all BB, A 0.000 0.000 0.000 0.000 s-BBlall BB, %
99. 886 99. 907 99.909 99.919 n-BB/ al | %g % 0. 014 0.009 0.011 0.011
Sum % 100. 00 100. 00 100.00 100.00 Di“BB/s-BB W Ratio, %6.0 5.4 2.8
2.7 Al samples collected at 160C and 300 )sig. * iso-Butyl benzene
| ess than 0.5%in total butylbenzene is not detectable with our GC
- 27 - 100781When operated at 3:1 benzene/ 2-butene nolar ratio (or
4.2:1 wei ghtlaim:i 0), the 2-butene concentration is 18.9 w % (1/5. 3)
if 2-butene m xes with benzene instantaneously. At this

benzene/ 2-butene nolar ratio, the MCM 49 catal yst produced

sec- but yl bemzengrowds¢ for $adnsiag Hénbl\/hn'demetﬁyl Je@@?%tm'ihe%&fe%t 8ﬂ§mc6 1
benzene/ 2- but ene, nol ar r at.i og ratiq), the 2-Dbutene

concent rat i on"fEngGeRenG Wiier ) B‘ﬂ?” ‘iof‘d’?"’ﬁd‘f“gﬁé:“ﬁ‘{k)‘(@%“%gﬁlﬁ CpyRpTing @t
i nst ant aneous llagst oA lidehr tRitdae nitﬁﬂﬁ-és%ncfbt&fe Q&algdR béiprisiiziaOicast B iidvhES
catal yst produced | ¢ rc%&gtzé e W th 96% sel ectivi t%) Sy products
such as but ené&®5i9 31? rﬁ‘f” fﬁ?‘f}ls"d 1F98RE SR B8PY1 benzenes
wer e reduced by 1C{a)admuttn@%chrd1wﬁh b @ighti portigh bOL Bl alRMAEBQNARENRIH HhrsOf
butene in the fi be ve i.npact on
sec- but yl benz éeﬁgiolsleﬁtaé qo \}/::rq[%uce an QE %atlon e?t?uent comprlgﬁg sec-butylbenzene and
unreacted benzene and

(b) contacting said unreacted benzene with at least one further portion of the
alkylating agent in at least one further reaction stage to produce an alkylation effluent
comprising sec-butylbenzene and less than 1 wt % of butene oligomers,

wherein said alkylation conditions include an overall molar ratio of benzene to
linear butene from 4:1 to 9:1, a temperature between 100°C and 200°C, a pressure of
7000 kPa or less, and a weight hourly space velocity (WHSV) based on C4 alkylating
agent between 1 and 10 hr''; and

oxidizing the sec-butyl benzene to produce a hydroperoxide and cleaving the
hydroperoxide to produce phenol and methy! ethyl ketone wherein the oxidizing is
conducted at a temperature of 70°C to 200°C and a pressure of 0.5 to 20 atmospheres

(50 to 2000 kPa).

2. The process of claim 1, wherein said reaction stages are conducted in a plurality of
reaction zones connected in series and each containing said catalyst, with benzene
being introduced into the first reaction zone and said alkylating agent being divided

between said reaction zones.

3. The process of any of the preceding claims, wherein said molecular sieve of the
MCM-22 family is a molecular sieve having an X-ray diffraction pattem including d-
spacing maxima at 12.4+0,25, 6.940.15, 3.57+0.07 and 3.42£0.07 Angstrom.



Exanpl e 9: Oxidation of sec-butyl benzene produced in batch reactor by
mul ti-staged butene addition at total benzene/butene nolar ratio of
4.3:1 15 100801The liquid products produced in Exanples 3, 4, and 5
(batch reactor by nulti-staged 1-bute3§ addi ti on) were conbi ned.
Benzene was renoved under reduced pressure by a Roto-evaporator.

Sec- butyl benzene was isolated by distillation under 50 nrMHg vacuum
using a 26-plate vacuumjacked A der Shaw columm with a reflux ratio
of 10:1. Oxidation of sec-butyl benzene was carried out 20 in a 100 cc

Parr aut ocl averhatprotdss Gf atychf 200prelin Slhighs  hibedn 3&PAadRR)s conducted in a
Into the 100 cc Parr autocl ave was

ni t rogen/ oxygen 0f. .pressure.

char ged 0.1856“?%%TT§ﬁkﬂﬁﬂ?%¥”ﬁkhydroxyphthaIinide (NHP1) from
Aldrich and 43.2 g (321.5 mmole) of the distilled sec-butyl benzene.
The cont ent ocl aye were pressurized.to 220 psig (1618 kPa)
With ni trogé'ngfffh SHE%SVE%}%Wogtﬁ%r&??diné%ws?‘ﬁg%‘f RSP tepe s Cotaipedin o m

t enper at ure. Mewikedtthetremxt ure was heated to 115C with a nechani cal
stirring rate of 720 rpm The tenperature was mai ntai ned at 115C for
6 hours with frequent gas sanpling of the head-space for nitrogen and
oxygen. The Soxigerncesoeitaanprecdding sl wheminshid r&08hgiesondidtddtmiidtatleast

t hroughout the,heat .4 i ad- repl eni shment from an oxygen PVT
(pressure, vo%ﬁne,hsog?gggg@g?ﬁge) vessel. At the conpletion of the
run the liquid phase was anal yzed by GC. Sec-butyl benzene conversion
was 22.2 Wt % ang pRedse 6 dndl dt¥hel ReSHEDLLLND i ¥h9RgECXL de uas 923
w% - 28 - Exaﬁplg 103¥CXiéE?fon %? %%bﬁﬁﬁggﬁﬁgﬁgé%ggﬁﬁﬁ %%ggﬁ?n
fixed bed readieg¥esgnce of acaplysiselaeitdimene mol ar ratio 100811Li quid

products produced @y X8 dloxbf 1%88ka PRAERG! AetaPlcompiix 2com rising
benzene/ butene nol ar rati o) were conbi ned. The sane prgcedurg
described in ExanpP®e¥%as fol l owed for sec-butyl benzene isol ation
and oxi dation. Secyty bR (EanRto)COryar ﬁ:tr%cl}éﬁvsmété‘l-&m‘fﬂe%]ﬁm a_mixed
selectivity to sec- b%itgl benzene hydroperoxide was 91.0 wt ﬁ Ig(arrpl e
11: 10 Oxi dati on dF°H&ECHRNE TeisbaABsorshieng ddbaleprmetal seleptadelepny Baduor  at

6: 1 benzene/ but enereod,ai, ¥a idonbeS Aokdo Fiara Andificd Hefl Seitf QHUAEE miefd]
Exanpl e 8 (fixed- beg rcﬁiithrFaégr@: 1bA3en ene/ but ene nolar rati gs wer e
conbi ned. The sane procedurel 4&le Frgednd Rttt was fol | owed for
sec- but yl benzene i(g)na-hpito:gndbstiited 2}dlid MmidSefer Aond Wity o SRZEREof a
conver si on was 21.9 Wiyé’\%ﬁn% selectivity to sec-butyl benzene

hydr oper oxi de was 53'5.%] 5B ANl e 12 Conpari son of

sec- Butyl benzene @) Wat,No#ihid088Jokyaguricesidl eithiadaldneC@NpakeprbdRfee of a
sec- butyl benzene %QYa%[c%lii nand sec- 20 butyl benzene hydroper oxi de
selectivity respectively 0 he processes of Exanples 9 to 11 with
that of conparative process using TCl sec-butyl benzene (containing 19
ppmolefinic inpurities) as a bench-mark material. 100841Figure 1
shows the inprovenent in sec-butyl benzene conversion with

mul ti-staged addition of butene (Exanple 9 with 22.2% conversion) or
with 6:1 25 benzene/butene nolar ratio (Exanple 11 with 21. 9%
conversion), as conpared with the 14% conversi on obtained with the
3:1 benzene/ butene nolar ratio of Exanple 10. The hi ghest conversion
was, however, obtained with the TCl secbutyl benzene (24.8%
conversion). 100851Figure 2 shows the inprovenent in sec-butyl benzene
hydr oper oxi de 30 selectivity with nulti-staged addition of butene
(Exanple 9 with 92.3% selectivity) or with 6:1 benzene/ butene nol ar
ratio (Exanple 11 with 92.8% sel ectivity). These selectivities were
hi gher than those obtained with the both 3:1 benzene/ but ene nol ar
ratio of Exanple 10 (91% selectivity) and the 1Cl feed (91.4%
selectivity). - 29 - [0086]Wiile the present invention has been
described and illustrated by reference to particul ar enbodi nents,





