-1- PROCESS FOR PRODUCI NG SEC- BUTYL BENZENE FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to a process for produci ng sec- butyl benzene.
BACKGROUND OF THE | NVENTI ON [ 0002] Sec- butyl benzene is useful as a starting
material for the production of phenol and methyl ethyl ketone through the
steps of air oxidation to the corresponding hydroperoxide foll owed by

cl eavage of the hydroperoxi de. Phenol can be used as a solvent and in the
production of phenol resins, bisphenol A c¢- caprolactam adipic acid, alkyl

phenol s, and pl aS“ﬁh%f‘édﬁss‘ﬂ’@ﬁi%ﬁﬁh'ﬂég%E%m@ﬂgﬁﬁ%be used as a
solvent for lacquers and resins an or dewaxi ng o ubricating oils.

[ 0003] The conventional route for the production of sec-butyl benzene

i nvol ves al kyl atiaon of benzene with n-butene over a honbgeneous catal yst,
such as Aldﬁ@ldlggﬁﬁﬂﬂiﬂﬂgggﬂgfhi acid. The product of the al kylation
reaction is a mxture containing mainly sec-butyl benzene (SBB)

i sobut yl benz (1B rf - . , +di bu nzen B).,.and
tributyl benz@ﬂgls] (TEEE) b&émt Igjre‘}se}e{h&gg%n%g%nég , Qdﬁt’réh?s% ﬁ(grngjz%éeus@ggn ee-

tri butyl benzengbermere.separated fromthe reaction mxture and can then
transal kyl ated i nto sec-butyl benzene. [0004] However, the boiling points of
i sobutyl benzene, sec-butyl benzene and tert-butyl benzene are 172.8C, 173.5C
and 169C, regRedENOUND ¢QveENTIONdi fficult to separate these
conmpounds frTﬂﬁ1Rﬂ}$1ﬁ1ﬂ;§§;¢E#;ﬂ%¢$¥gTﬁﬂ. Mor eover, isobutyl benzene and
tert-butyl benzene are known to be inhibitors to the oxidation of

sec- butyl benpesr] t o Stheuiichesieon disétyl Ay slk@pticoxh@fial fothep@ddtin dfhe rate

of oxidation of sec-butyl benzene, when the sec- butgl benzene contains | % by
wei ght  of iRisBek yndemotbik cthyd ckeuerse shroughh dbeitstappopbrair |oxidaiipre rfot the

e e SRS g o IR AR, Wi

i sobut yl benzene “con era oXl dat'ion decreases
to about 86%anVieeused ae a soblut whd andengodidtion of phenol resins, bisphenol A, &-

caprolactam, adipic acid, alkyl phenols, and plasticizers, whereas methyl ethyl
ketone can be used as a solvent for lacquers and resins and for dewaxing of
lubricating oils.

[0003] The conventional route for the production of sec-butylbenzene
involves alkylation of benzene with n-butene over a homogeneous catalyst, such
as AlCl; or solid phosphoric acid. The product of the alkylation reaction is a
mixture containing mainly sec-butylbenzene (SBB), isobutylbenzene (IBB), tert-
butylbenzene, dibutylbenzenes (DSBB), and tributylbenzenes (TSBB). Of these
compounds, dibutylbenzenes and tributylbenzenes are separated from the reaction
mixture and can then transalkylated into sec-butylbenzene.

[0004] However, the boiling points of isobutylbenzene, sec-butylbenzene and
tert-butylbenzene are 172.8°C, 173.5°C and 169°C, respectively, and hence it is
difficult to separate these compounds from each other by distillation. Moreover,
isobutylbenzene and tert-butylbenzene are known to be inhibitors to the oxidation
of sec-butylbenzene to the corresponding hydroperoxide. For example, the rate of
oxidation of sec-butylbenzene, when the sec-butylbenzene contains 1% by weight
of isobutylbenzene, decreases to about 91% of that when the sec-butylbenzene is
free of isobutylbenzene. Similarty, when the isobutylbenzene content is 1.65% by

weight, the rate of oxidation decreases to about 86%; when the isobutylbenzene



content is 2% by weight, the rate of oxidation decreases to about 84% and
when the isobutyl benzene content is 3.5% by weight, the rate of oxidation
decreases to as much as about 82% [0005] Therefore, in order to ensure the
efficiency of the air oxidation step, it -4s inportant to mnimze the
anount of isobutyl benzene and tert-butyl benzene forned as by-products
during the alkylation step to produce the sec-butyl benzene. [00061 For
exanple, U S. Patent No. 5,059,736 describes a process for producing

sec Put Y Deniait Y SR REDEGRE A5 PULEARN RIS, o190 06 wREn2ene and

n-butene in e presen Mogeneous al um num ¢hl‘ori conpl ex

cat al yst, sathd isodbusilymlereosmmtdns iing.5ed byrneipht,ahé edte de oxiditdsogedte3td @ i de,
and an aronatic hydrocar bon, wherein the anount of al um num chloride used as

a  conponentasgRughas abewBR. catalyst is from0.51 to 5% by weight of the
benzene use ghe r’[?@ﬁ:tfé Nint GHREGLHYGLE thde R fﬁﬁkﬁ%l??;ﬁeat%%t § amount

of isobutyl ene forned as a by-product iI's s wei ght ratio of
i sobut yl benzxsnmp‘oﬁaﬂetb- bmmyl'llteGﬂTeeaiIﬁoﬁmrdfﬁdoblﬁylbeltzem)raﬁdttbla-rbufyllﬁhhzéne However,
as discussed above, even isohut epe inpurities of 1 w%significantly

inhibit thelo5Rf a%%ar()éfw@éeﬂ%ﬁxﬁ FERStaiomERAYCE thesserdml hgjizene.
hydr oper oxi d oo& j000EL, %@wyﬁaterg PlRent4NB9%, ‘%%?3%' AELPBES o Ppacggse%ér for

prepari ng sh rt chal n aronmat 1 ¢ compou whi ch conprises contacting
at | east onepralikyh@gtsabrbetyltzeneerst lfmnnbamunohnm hibusine] easiprising whdirgat i ng

agent posse55| ng an aljphatjc rou Vi, n rom1l.to 5 carbon ato under
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catalyst to wn%aeﬂeatﬂpstakéialc%s@t @Jn%%’iﬂg‘hl%ﬁﬂﬁ&?glg;)g@é%gﬁ%g%ﬁ cflorigeast one

al kyl group derived ffom said al kyl ati ng agent talyst conprising a
synt heti ¢ poarsim atrmylslucahydrnearhm ewheaﬂm Kreanrouns OMIWimlm clHionilé aseddissicl osur es

are contained in a 57,024 Wnere t he
synt hetic pof &%Oné?&%qtgf? Icpwgleﬁacta&ws%lls %gmhgﬁf > (2°n QPHFel% S vel y.
[0008] U.S. ptierihe Meaction 3@hpéRturdi &CHOAL208C PlOTOSS, faﬁdl th@eanﬁétﬁfﬂu@ttl on of
et hyl benzene corrprl sing al kylating benzene with ethyl ene under |iquid phase

condi ti ons iiRohuibprzesenivemed a gobydrodvst dsissusbi that the kyeight gatieaefal yst

conpri sing isobutylbenzene to sec-butylbenzene formed is not more than 0.01:1. However, as

discussed above, even isobutylbenzene impurities of 1 wt% significantly inhibit
the oxidation of sec-butylbenzene to the corresponding hydroperoxide.

[0007] U.S. Patent No. 4,992,606 discloses a process for preparing short chain
alkyl aromatic compounds which comprises contacting at least one alkylatable
aromatic compound with at least one alkylating agent possessing an aliphatic
group having from 1 to 5 carbon atoms under alkylation reaction conditions and in
the presence of an alkylation catalyst to provide an alkylated aromatic product
possessing at least one alkyl group derived from said alkylating agent, said
catalyst comprising a synthetic porous crystalline material known as MCM-22,
Similar disclosures are contained in U.S. Patent Nos. 5,371,310 and 5,557,024 but
where the synthetic porous crystalline material is MCM-49 and MCM-56
respectively.

[0008] U.S. Patent No. 5,334,795 discloses a process for the production of
ethylbenzene comprising alkylating benzene with ethylene under liquid phase
conditions in the presence of a solid, porous acidic alkylation catalyst comprising
MCM-22.



MCM 22. -3- [0009] International Patent Application No. PCT/US2003/038709,
publ i shed as WD 2004/ 052810. discloses a nethod for al kylating benzene with
ethylene in the presence of netal -i npregnated MCM 22. The catal ysts are

sel ective for nono-ethyl benzene over di--%r tri-ethyl benzene. [0010] In an
article entitled "Catalytic Properties of PalladiumZeolite Systens in the
Synt hesi s of Sec-Butyl benzene from Benzene and Ethylene", Inst Og. Khim
imN. D. Zelinskogo, Mscow, Russia, Neftekhimya (1994), 34(2), 151-70,
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al kyl ati on ofs Wen2e0052810. eistipkenemetof fodak ¢lafing demienamithyethylene in
sec- butyl benzene or sec-butyl benzene.. However, the article also reports
that the prodgchresssse pingetaanpreprtrd MEMPeoThe awdalysteliang selsctive o esent

i nvention, iﬁmﬂ?"-ﬁﬂﬁﬁ;‘%ﬂz&n‘%@ r&ihg;gﬁg[@lw)ghg%[ebenzene that is substantially
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free of isobuty zene and tert-butylbenzene can be produced in high yield
by the al kyl @0i®n ofln bemzatielewiehfitleal Hylaebgid Propetieprads Paliadioh-Leliad yst

conprising ag MCM22 fanly zeqljte and at | east_one netal at i on,
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The inventi ob5I-@&i Bekov rt al prepeets shat ovarijpno alladigmsapidnnyg | rehizrsnélY,

containing less than 0.5 wt % i sobut yl ben nd tert-butyl benzene,

conpr 1 51 ng  CURPEAETIGED deder CORBIts iy B AHEnaRy RnglEHD g

al kyl ation caR@hfibPB8 beNdecht v thyRhe ¢ PRIdust ReedohindhilfNebub@benzbRve having

an X-ray diffraction pattern including d-spacing maxi ma at 12.40. 25,

6. 90. 15, 3. 5q0se@-busribergen2 0 Howevem dist artinleaaled feippits plat el productocqmtaauce an

al kyl ati on eéf_hue t _conprising see- butyl benzene. [0013] The
sec- but yl benztmé kﬁn%sai d al kylation effluent contains less than 0.5

[0011] According to the present invention, it has been found that sec-
butylbenzene that is substantially free of isobutylbenzene and tert-butylbenzene
can be produced in high yield by the alkylation of benzene with ethylene in the
presence of catalyst comprising an MCM-22 family zeolite and at least one metal
cation, palladium, selected from Group 10 of the Periodic Table of Elements.
Moreover, the alkylation is accompanied by little or no production of ethylene

oligomers, such as C;-Cg alkenes,

SUMMARY OF THE INVENTION

[0012] The invention resides in a process for producing sec-butylbenzene
containing less than 0.5 wt% isobutylbenzene and tert-butylbenzene, comprising
contacting a feed comprising benzene and ethylene under alkylation conditions
with catalyst comprising (i) a molecular sieve having an X-ray diffraction pattern
including d-spacing maxima at 12.4+0.25, 6.9£0.15, 3.57£0.07 and 3.42+0.07
Angstrom and (ii) palladium to produce an alkylation effluent comprising sec-
butylbenzene.

[0013] The sec-butylbenzene in said alkylation effluent contains less than 0.5
wt%, for example less than 0.1 wt%, such as less than 0.05 wt%, of

isobutylbenzene and tert-butylbenzene.



w% for exanple less than 0.1 wt% such as |less than 0.05 wt % of

i sobutyl benzene and tert-butyl benzene. -4- [0014] Conveniently, the

nol ecul ar sieve is selected from MCM 22, PSH 3, SSZ-25, ERB-1, ITQ 1,

| TQ 2, MCM 36, MCM 49, MCM 56, UZM8, and4mnixtures thereof. "M xtures" as
used here and throughout this specification and the appendant clains neans
any two or nore itens fromthe relevant list. [0015] The netal is palladium
I n one enbodi nent, the metal is present in an anount of at |east 0.5% by

wei ght of th@ﬁ‘f@]t al %vrlg}gﬁﬁﬁg?%Y&ﬂiﬁ%E&X1%%{1&@&% a%/[(?lglf-’zf’t .ghe are

cont acted wi t’he cata t a benzene: et ené nol ar I 6 between 10:1
and 1:10, su8$iZ-as, BERBabedT@:-11 HIQ2, MEM-8Gr MMM, MM see UZMI8, amal 1: 1.

[0017] In one,enbodi nent,,said gontacting i s conducted. under. at | east
parti al nqlavaurﬁﬁglgfée%on GRS w55y et Grolghoy BispesiiedipctNG ti ons
include a t@ERGHHIME 1AM HOMS g@éﬁ&b FHR6re iRUETTAR e RBVANGst.0 300C, a

pressure of from 10 to 10, 000 and an et hyl ene wei ght hourly space
velocity (WH80LSIof Theometdl ig paldadi@nhilpond Gab&Jimient, tinemerab Gdirasent in mai d

al kyl ati on effl uen onpr.i ol.yb | benzenes and the process further
conprises coft At iotﬁﬁ'g%ileg's%/ggy&ﬁ%lf’g&%féﬁggtwth benzene in the presence of
a transal kyl molen calah¥sibntly thPbREeitCariCthRie/Arb @DAEN8d Wil HEBAERE V. the
transal kyl ati1 on catal yst coriprises a nolecular sieve selected from zeolite

bet a, nor denditachenygy;ethgbines®olappiiodiwedpShy: Bands2028ichERBetiveen #Q and | TQ 2,

MCM 36, MCM 49, - MCM 5 Uzm 8, .. and m xtures thereof. [0019] In one
enbodi nent gtg’ ﬁoéﬁ’éqm@sw%‘(’ﬁen#hlea rzl21(:‘[[r'1but yl benzene in said alkylation

effluent is @7 zednbae RMOBYIRRNE sﬁtﬂdédhlt&ﬁﬁ%iiﬁ&)rﬂﬂde& hadéydrnerepashde is
cl eaved to produce phenol_ and nethyl ethyl ketone. DETAI LED DESCRI PTI ON OF
THE EMVBODI VEIgu [ gaso|corfisiops.eseanvenipndliit said alkylatipe coaditioss dngldedss f or

pr oduci ng_Sefz, Bt | BTRENGeEY o 18e¢ SR TS 3BHENb R0t LpGIIAEGE. The

from 10 to 10,000 kPa, and an ethylene weight hourly space velocity (WHSV) of
from 0.1 to 10 hr'.

[0018] In one embodiment, said alkylation effluent comprises
polybutylbenzenes and the process further comprises contacting said
polybutylbenzenes with benzene in the presence of a transalkylation catalyst to
produce sec-butylbenzene. Conveniently, the transalkylation catalyst comprises a
molecular sieve selected from zeolite beta, mordenite, USY, MCM-68, MCM-22,
PSH-3, SS8Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8§,
and mixtures thereof.

[0019] In one embodiment, at least part of the sec-butylbenzene in said

alkylation effluent is oxidized to produce a hydroperoxide and the hydroperoxide

is cleaved to produce phenol and methyl ethyl ketone.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] The present invention is directed to a process for producing sec-
butylbenzene by the reaction of ethylene with benzene. The reaction is conducted
in the presence of a catalyst comprising (i) a molecular sieve having an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07

and 3.42+0.07 Angstrom and (ii) at least one metal cation selected from Group 10



in the presence of a catalyst conprising (i) a nolecular sieve having an
X-ray diffraction pattern including d-spacing nmaxima at 12.40.25, 6.90. 15,
3.570.07 and 3.420.07 Angstromand (ii) at |east one netal cation selected
from Goup 10 -5- of the Periodic Table ofS €l enents, necessarily palladi um
Usi ng such a catalyst, it 1is found that sec-butyl benzene can be produced in
high yield and with very low concentration (less than 0.5 w% of

i sobutyl benzene and tert-butyl benzene. The resultant sec-butyl benzene is

therefore a ' S di sto
produce to pﬁ@gl@)?@gﬁ(ﬁcﬁeﬁ?ﬁﬁ@%&ﬁéﬁg’ke %ﬁ%ﬂy%)g@azdi@ﬂgeﬁ r#z_lg%gc aﬂ?&f?ed in
the process Bffotufikthan¥e€nbitglbenzene kan 8 produesd highl Viyldeaml wWabherybrezene
feed, but preferably the bhenzene has gwgurlt | evel  of at |east 99 wt %

Sinilarl y anSPreentrsion;(ass thag by MAtY of swbiritbenrensand terdubdbenzere. \E&d, such
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of et hane, propane, t napht has e cat alytic crackl ng
of napht has mndifmﬂr}hrckrmébcasetwprbéméstbph&qml andimieghyl b‘ﬁybkmamf si on of

oxygenat es, h as anol, to.lo | efins. [.O Canveni ently, the
o o feed « DUERL 5 TEcRanERe emigPidaibe Fvn bR abyeraPhea d8s®Phan 1000
ppm such ascdrﬁﬁ&cﬁﬂ?&vé@ﬁol@ﬁéﬁzeﬁ@fee@Wf&erhﬁ?ﬁhé Béifﬁeﬁtpﬂas ARAy W_EEr - In

addition, the total feed typically contains |ess than 100 ppm Such as | ess
than 30 ppm of @rleask §hpiteo. | Ssml&rtyaany&qnpmrcauyfaualleézﬂﬂjsdtesmf ¢thyled®cppm  such

as |l ess than | or hanO 0 . Lt may,
therefore, b H%@m?]‘f‘% n’g Cgﬁlﬁfglft @aﬂéiﬁﬁghg Hﬁl&gﬂfﬁl h&ﬂaeag’o a prior
treatment stggncihg safeeﬁlaa@ prophise &R&eamtarﬂf Jighy nWeHtBas, thell datlytRr
nitrogen therei n Pretreatnent nay al so be useful to renpve unreact ed

oxygenat es wiaeking redynaphthas awén@iher I‘Elf@epf é@dﬁimkma@i byl Becasversmsolobt ai ned
by oxygenat e waanver Ss'&nasp 08853631 Werrq of sulfur, nitrogen and
oxygenat e |rrpl}'rg1 P 51 8506 venl’eﬁt? ??e ted by one or a conbination of

caustic treafomnf, \@xﬁénleﬁ\t%shhﬂgotaﬁlf@dl fol @i f¥BcesadgahPtpré@nusivestidiol ecul ar
si eves and/ or nenbrane aration, Water is also typically renoved by

adsor ption. fOwEBY e‘f!h@laéép pRm. sish @s jass thea 58P epmnforsrampledessdhut 1&ks a

crystalline ppm, water. In addition, the total feed typically contains less than 100 ppm, such

as less than 30 ppm, for example less than 3 ppm, sulfur and less than 10 ppm,
such as less than 1 ppm, for example less than 0.1 ppm, nitrogen. It may,
therefore, be advantageous to subject the benzene and/or ethylene to a prior
treatment step or steps to reduce the amount of any water, sulfur or nitrogen
therein. Pretreatment may also be useful to remove unreacted oxygenates which
may, for example, be present in ecthylene streams obtained by oxygenate
conversion processes. Removal of sulfur, nitrogen and 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.

[0023] The catalyst used in the present process comprises a crystalline
molecular sieve having an X-ray diffraction pattern including d-spacing maxima
at 12.4+0.25, 6.9+0.15, 3.57£0.07 and 3.42+0.07 Angstrom. The X-ray
diffraction data used to characterize the molecular sieve are obtained by standard
techniques using the K-alpha doublet of copper as the incident radiation and a
diffractometer equipped with a scintillation counter and associated computer as

the collection system.



nmol ecul ar sieve having an X-ray diffraction pattern including d-spacing
maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrom The X-ray
diffraction data used to characterize the nol ecul ar sieve are obtai ned by
standard techni ques using the K-al pha doubtet of copper as the incident
radiation and a diffractonmeter equipped wth a scintillation counter and
associ ated conputer as the collection system -6- [0024] Materials having
said X-ray diffraction pattern are sonetines referred to a nol ecul ar sieves
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(descri bed i N0U0$)303E'}3,t1€m§ 1 N@eschbetbi, UF)Pate@do 160474983, Hf@ae(ﬂéscrlb&ﬂ25] The
al kyl ation catal yst can include the nolecular sieve in unbound or
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addition to MEMMH aleetritedSineV S, PatkndMNo. 5,3626697) 1 TEM-Bt @eygibedsed.BN the
present process includes at |east one netal selected from Group 10 (such as
Pt and Pd) BttetltH%o MefI0RR00. andunixtuses theigpbnt s, one of which nmetal (s) is

pal | adi um I 3SR B PLERG Logh Inl 1 ﬁ@rtratlx&ql?a Jefd §GRbaha Lo o7 2o

a conpound, as an he e ypi ca cat

contai ns at kaﬁbcburﬂ Erorb yr waltegidtivel i, ghe emalafnilz& ﬁlé@afncaii)chd:t cémbitfed cinabout 5%
by wei ght, such as about 1% about 4% by [ of the petal. The net al
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are brought [0026] corltadtitiontth thmmaldcy]aatslewamtamay bmﬁer the catalyst used in
the present process includes at least one metal selected from Group 10 (such as Pt
and Pd) of the Periodic Table of Elements, one of which metal(s) is palladium.
The metal can be present in the catalyst in elemental form or as a compound, such
as an oxide, of the metal. Typically, the catalyst contains at least 0.5% by weight,
for example from about 0.5% to about 5% by weight, such as about 1% to about
4% by weight, of the metal. The metal can be introduced into the catalyst by any
known technique such as, for example, impregnation and ion exchange.
[0027] The alkylation process is conducted such that the organic reactants,
i.e., the benzene and ethylene, are brought into contact with an 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. Such conditions include a temperature of from
about 0°C to about 350°C, for example between 30°C and 300°C, a pressure of
about 10 to about 10,000 kPa, for example from 100 to 5,000 kPa, and a weight
hourly space velocity (WHSV) based on ethylene of between 0.1 and 50 hr'!, for
example between 1 and 10 hr'. Typically, the molar ratio of benzene to ethylene

is between 10:1 and 1:10, such as between 4:1 and 1:4, for example between 4:1

and 1:1.



In a suitable reaction zone such as, for exanple, in a flow reactor
containing a fixed bed of the catal yst conposition or in a catalytic
distillation reactor, under effective alkylation conditions. Such
conditions include a tenperature of from-about OC to about 350C, for
exanpl e between 30C and 300C, a pressure of about 10 to about 10,000 kPa,
for exanple from 100 to 5,000 kPa, and a weight hourly space velocity
(WHSV) based on ethyl ene of between 0.1 and 50 hr-1, for exanple between I

and 10 hr-1 g)ﬁi%calﬁﬁé dRenfPle %ﬁ ﬁeatfaoelﬁ'};?r gf%&;@?ﬁ& hy &gﬁlallgs Ibet Ween

10:1 and 1:1 ch as etmeen e bet
1:1. -7- 100&@8dplttely rieabe aiqud qzhaséaandncaam bbherxeat, hee.y diper frphlaslﬁemronphrt i aI |y

or conpletely in the,li UId e and, gan be neat, i.e., free fra

"t ent | onal  STBRHEE (F GHFOT N EIGR MAErHE GF e SRR D8 FGHER B0 CHRSHM be
brought i nt Ot}ﬁ%BH&tcaYHl§§? coﬁ]&seslﬁ@@wlanheaicﬁbmmeogam bf udentd bientdle aid of
carrier gases or diluents such as, for exanple, hydrogen or ni trogen.

[ 00291 Usi ngfqrheamalﬁahxdsog@wcmtr@d above it is found that the al kyl ation

step of the ess.of the | tion is, highl.
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produced accgf @hengrdc@sst BE thé MHAMoANIsCRIBAR Rdedtie Stot Bétnblﬁy@eﬁge% far
exanple, less than 0.1 wt% such as less than 0.05 wt% of isobutylbenzene

or tert-butyb&tipidaneit FOoGROY thiat hb@gﬁcﬁhﬁ’lﬁhmeam@ﬁc@i @pcc}rdm@ gihltlye
selective to rr%o %tamsult Ig%%\égne(yttg ffI J{’%?o&t“@&% %l V\gﬁonas

reaction wl nor I'TB. con

unreacted ar RIS \fnee,dafasaﬁutyﬂiendewdre&t bﬁﬁl‘lﬁﬁkdﬁél ated speci es The
unreacted argmatic feed is normall y recovered distillation_and recycl ed

to the al kyl B0B8h reXlthoyeh thee %@tmﬁs %‘erﬁnﬂfth@){lhenfféﬁﬁél"edi%’ﬁf@ﬂ a¥fon are
further distl Pﬁgnieﬁestﬁggffﬁfe HJ,- mgﬁhsﬁr&éf?&%ﬁn B{; ”c¥m E@%&ﬁ?éeky' at ed

products and ot her heavl €s pen I ng e anoun Iya d
product s prepspilkylatedhprodukty) at iwell rag amdreaiede fafdmieint feedt amayhé)elesm@sl rabl e

to transal kyl ate yal kyl ated products w th additiopa benzene to
maxi m ze t henﬁp%{ﬁgﬂegrﬁl’%‘f‘e% mﬂa Efﬂr%%aﬁlmeét @dloglaé@y dgcovered

distillation and recycled to the alkylation reactor. The bottoms from the benzene
distillation are further distilled to separate monoalkylated product from any
polyalkylated products and other heavies. Depending on the amount of
polyalkylated products present in the alkylation reaction effluent, it may be
desirable to transalkylate the polyalkylated products with additional benzene to
maximize the production of the desired monoalkylated species.

[0031] Transalkylation with additional benzene is typically effected in a
transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as an MCM-22 family catalyst, zeolite beta, MCM-
68 (see U.S. Patent No. 6,014,018), zeolite Y and mordenite. The transalkylation
reaction is typically conducted under at least partial liquid phase conditions, which
suitably include a temperature of 100 to 300°C, a pressure of 1000 to 7000 kPa, a
weight hourly space velocity of 1 to 50 hr! on total feed, and a
benzene/polyalkylated benzene weight ratio of 1 to 10.

[0032] Since the sec-butylbenzene produced by the alkylation process of the
invention is substantially free of isobutylbenzene or tert-butylbenzene, it provides
an advantageous feed for use in the modified Hock Process to produce phenol and

methyl ethyl ketone. In this process the sec-butylbenzene is initially oxidized to



[ 00311 Transal kyl ation with additional benzene is typically effected in a
transal kyl ation reactor, separate fromthe al kyl ati on reactor, over a
suitable transal kylation catal yst, such as an MCM 22 fanm |y cat al yst,
zeolite beta, MCM 68 (see U S. Patent No.86,014,018), zeolite Y and
nordenite. The transal kylation reaction is typically conducted under at

| east partial |iquid phase conditions, which suitably include a tenperature
of 100 to 300C, a pressure of 1000 to 7000 kPa, a weight hourly space

vel ocity of t | ya ted benzene
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[n this procesehidfsaGoRiivhaLny fiRdlsink Bh bk éryc&ffalﬂfngegqs,ts%cnés akhe
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produce pheniko andigmiet hn}aaseet:blythmk@t three sed-B@SBEnLonk datlihenratticecab uhzey | benzene
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absence of a catalyst but is slow (of the order of <1%hour at atrnospheric

condi tions). pﬂrfqymweﬂr@n@ﬂdathnhm theareeoee p’étaeca@é}'ﬁt,b@lcac&ﬂ evaiersplubler f or i ng

chol at o conpalie FARRRPER SRR Pl Hlanal U s RaBrdELIRRLOS | st

one netal fmem Galalcbbalf)i sikiedl, mmg@ﬁﬁ@&%pp@rpﬂﬁ@nmnarwed RS, PétaﬁerJ S.
Pat ent No. 013, 725). More preferably, a heterogeneous cat al |s used.

Sui t abl e he‘ﬂai%&%ﬂeou&/lomm Ebly, ap chdlerogenicpay qafplyst Sis F"éqdent pigble
5, 183, 945, | |
manganese. cou Shthebll® caGRE! 2 elcinB X N 3405, 3 S0 Tle A BL1C) P

conpri ses ancaadost(if e bex Ql)ycbdiioijgﬂ‘ﬁlged eftrafinledr eddngiidsalcof@laxl £ ihaving a

m xed net al core one netal of the core being a divalent nmetal selected
from zn, Cu,Peent N SRR whatein the grialyst pupRidtes arroafydnxe) bedatd bei ng a

trival ent ”Efeﬁhmﬁ:%a?%&gl &Pk havidy a MixeEhetd c8%ne 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.

[0034) Other suitable catalysts for sec-butylbenzene oxidation are the N-
hydroxy substituted cyclic imides described in Published U.S. Patent Application
No. 2003/0083527, such as N-hydroxyphthalimide, 4-amino-N-
hydroxyphthalimide, 3-amino-N-hydroxyphthalimide, tetrabromo-N-
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),
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.

These materials can be used either alone or in the presence of a free radical



m xtures thereof. [00341 O her suitable catalysts for sec-butyl benzene
oxi dation are the N- hydroxy substituted cyclic imdes described in

Publ i shed U. S. Patent Application No. 2003/0083527, such as

N- hydr oxypht hal i mi de, 4-anmi no-N- hydroxyptthal i ni de,

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

tetrachl oro- N- hydr oxypht hal i m de, N-hydroxyheti m de, N hydroxyhi m m de,
N-hydroxytrinellitim de, N hydroxybenzene-1,2,4- tricarboxinm de,
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N- hydr oxy-ci s-4-cycl ohexene-1, 2 di carboxi m de, N hydroxynapht hal i m de
sodi um sal t pressurchgitabout/0.6 th ebod 8 dirsedppbren (11 1w 000 KRek eA ipasie bubigrsngcan be
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condi tions for sec-butyl benzene oxidation include a tenperature between
about 70C andisstheubasRommposings sueh a0©diwn tdbonaind The ppr-pass gprvessiombout 0. 5

b 0 h 0 0Q k , i ffer] b
added to realt SHERCAReH B BysaRsePt Bl R  me rorR R H ol G on.

| n addi tion, bgRodite 0 Ukhep bRidetidra Yedetion 1§ reedlgtehtlywbbieducdninhel gitalgticssol ve
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concentratedstey. distilling off the unreacted sec-butyl benzene prior to the
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phenol and methyl ethyl ketone can be effected by contacting the sec-

butylbenzene hydroperoxide with a catalyst in the liquid phase at a temperature of

about 20°C to about 150°C, such as 40°C to 120°C, a pressure of about 50 to

about 2500 kPa, such as 100 to 1000 kPa and a liquid hourly space velocity

(LHSV) based on the hydroperoxide of about 0.1 to about 100 hr, preferably 1 to

50 hr'. The sec-butylbenzene hydroperoxide is preferably diluted in an organic

solvent inert to the cleavage reaction, such as methyl ethyl ketone, phenol or sec-

butylbenzene, to assist in heat removal. The cleavage reaction is conveniently

conducted in a catalytic distillation unit.

[0037] The catalyst employed in the cleavage step can be a homogeneous

catalyst or a heterogeneous catalyst.

[0038] 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



phenol and nethyl ethyl ketone can be effected by contacting the sec-

but yl benzene hydroperoxide with a catalyst in the liquid phase at a
tenperature of about 20C to about 150C, such as 40C to 120C, a pressure of
about 50 to about 2500 kPa, such as 100-t8-1000 kPa and a liquid hourly
space velocity (LHSV) based on the hydroperoxi de of about 0.1 to about 100
hf4, preferably Ito 50 hr'. The sec-butyl benzene hydroperoxide is
preferably diluted in an organic solvent inert to the cl eavage reaction,

such as et hWOnghy'A “s"uﬁtﬁ’ﬂ@zh&&_@g&leo% cﬁﬁg';s]tt | J;/&I YPERZR0 G cdvAgd ST b 1 N heat

renoval . The c vage reaction 1S conveni conducted 1n"a catal ytic
di still ati onbutpibenzeh®0Bydrofptrexciat ahohedes e apkoyaite i clayhesuch ey age asidap can be

a honobgeneous cat st Qr a, heterpgenepus.catalyst. 10038 i.tabl e
honogeneous @Pemgl@ynetaﬁﬁncwtgn%&@gd@ sttt k%iip&}emg%r bt e, d,
phosphori c a[UOQO][ h}’cﬁ"l&%h%hﬁg é&hﬂvlé%ie BivkR |fb&eﬂ‘1%§t‘r'étf\@’]:!&p(_%%§ fnd d&85F 1 C
chloride, boron trifluoride, 'sulfdr dioxide and sul fur trioxide are also

ef f ecti ve holmgdhesuwpe of twungmtiont al ysts. The preferred honogeneous cl eavage
catalyst is sulfuric acid -10- [0039] A suitable heterogeneous catal yst for
use in the cl eavage of sec- butyl benzene hydroperoxide includes a snectite
clay, such agxafpRci:dic nontnorillonite silica-alumna clay, as described

in US Patent No. 4,870,217. [0040] The foll ow ng exanples are given for
i1 lustrativel0§dibosetn MdM182 watalyst iwes tpreppscds bp pxtroflinghed wite MGEMR22 Exanpl e

crystal i ¢ noSSgCR S bl SHERM ST A, SrCrEPNIRS: ¢ ne
cat al yst wascahlgstoess thargéd ks ah Hesth@malveldil=ixed dPaa hiitodldy © Gtaaue dle@ct or

along with a ,mxture conprising of benzene (195 grans) and ethylene (20
grans). The WHBAJHIX§HS RaRPEEINEI0Eherasne 41951grams) mig)@;lylam(%sgram .gthe3893 kPa)

nterval s anrid TaieRRiPol ok rtoRbRah LBl GRS BB AER B e was
assessed by sm#i seftple afahe product was withdrawn at regular intervals and analyzed by
gas chromatography. The catalyst performance was assessed by a kinetic rate
constant evaluated on the basis of ethylene converison, and ethylbenzene and sec-
butylbenzene selectivities at 100% ethylene conversion, and is described in

Example 8.

Example 2:

[0042] 5.2 grams of (NHi)sMo7024'4H,O were dissolved in 50 grams of
distilled water to yield a solution of pH = 5.54. The resulting solution was used to
impregnate fifty grams of a fresh sample of MCM-22 using an incipient wetness
method. The impregnated catalyst was dried at 250°F (121°C) for 12 hours in air
followed by calcination at 680°F (360°C) in flowing air for 4 hours. One gram of
the final catalyst was evaluated for benzene alkylation with ethylene according to
the procedure described in Example 1. Catalyst performance is compared with

unmodified MCM-22 in Example 8.

Example 3:
[0043] 0.58 grams of NH4ReO; were dissolved in 50 grams of distilled water
to yield a solution of pH = 6.09. The resulting solution was used to impregnate

fifty grams of a fresh sample of MCM-22 using an incipient wetness method. The



constant eval uated on the basis of ethylene converison, and etyl benzene and
sec- butyl benzene selectivities at 100% et hyl ene conversion, and is
described in Exanple 8. Exanple 2: [0042] 5.2 granms of (NH4)6M724. 4H20
were dissolved in 50 grans of distilled-@dter to yield a solution of pH =
5.54. The resulting solution was used to inpregnate fifty grans of a fresh
sanpl e of MCM 22 using an incipient wetness nethod. The inpregnated

catal yst was dried at 250F (121C) for 12 hours in air followed by

cal ci nation ' L oW ' 2 . f.., the
final catalys pr\%glga't:eeé/%q%%te%f %Jg%%gﬁﬁefglk?? g%rr%ﬁ@v{r% @‘%{ %él?d&eéﬁ t%?'ccor di ng
to the procedltingtidesic680Ed360°(Bxanidveing airGat al hairs. p@reogramnesfethe Sinabnpar ed

with wunnodified MCM 22 in ampl e 8. Ex l e 3. [0043] 0.58 grans_ of
NH4ReO7 wer ecﬂalggtow%&valﬁa@gx foF dhenzeae @lk\g'@”ﬁw Svthygthylene pegrding) to thg) ut i on

of pH = 6.09 1.10; LN Twa i gpa Ly ty:agranms of
a fresh sarrpprg g@rmﬁz@ﬂe&sﬁg){gﬁbﬁéi p?g%?ﬁ g\é{e gfgggmncgt ﬁo%&np{eﬁg& \»31/1'[119

i mpr egnat ed uahediyisd M@NI-21 indtkaaipl@80F (121C) for 12 hours in air foll owed
by calcination at 680F (360C) in flowing air for 4 hours. One gram of the
final catalyst was evaluated for benzene al kyl ation with ethylene according
to the prOCEQhIﬁ-lﬁleCLﬁSCI’i bed in Exanple 1. Catal yst performance is conpared
with wunnodified MCM 22 in Exanple 8. Exanple 4. [00441 1.54 grans of

(NH3) 6RUCI 3 {dd] di sls2t geadnd nf SHgkBuEL oberdidissolveddn Whgems of distilled a

sol ution of = 2.1 .. The resul ting soluyti was used i mpregnate fifty
grans of a fggbﬁ tgaWﬁIFeaosPilﬁm%P i_n%'lfan%?‘ﬁcﬁef:}flgﬁ Sﬁb’?ﬁ%s‘g& ngt(ﬁi)od. The

i npregnat ed Gaprabusd iV Sorathl 0 adtesk 38ple A NI M-00 ubihgh@UinSipidht etnesd ol | owed
by cal cination at 680F (360C) in flow ngr air for 4 hours. e gramof the

final catal ysetheds Thgdmpeeaatct sptabshyenéried #tydSaFF oK IRCD Forei2nfyavenia aiccor di ng
\tMP t ht he procRaiiRd b5 GliRREn 2P 650RBESC in TRWRIY St (Y LALIPBRE glatn GPTPAr €
the final catalyst was evaluated for benzene alkylation with ethylene according to
the procedure described in Example 1. Catalyst performance is compared with

unmodified MCM-22 in Example 8.

Example §

[0045] 0.64 grams of H,IrCls were dissolved in 50 grams of distilled water to
yield a solution of pH = 6.9. The resulting solution was used to impregnate fifty
grams of a fresh sample of MCM-22 using an incipient wetness method. The
impregnated catalyst was dried at 250°F (121°C) for 12 hours in air followed by
calcination at 680°F (360°C) in flowing air for 4 hours. One gram of the final
catalyst was evaluated for benzene alkylation with ethylene according to the
procedure described in Example 1. Catalyst performance is compared with

unmodified MCM-22 in Example 8.

Example 6

[0046] 12.6 grams of (NH;3)sPt(NO;), were dissolved in 50 grams of distilled
water to yield a solution of pH = 5.36. The resulting solution was used to
impregnate fifty grams of a fresh sample of MCM-22 using an incipient wetness
method. The impregnated catalyst was dried at 250°F (121°C) for 12 hours in air
followed by calcination at 680°F (360°C) in flowing air for 4 hours. One gram of



unnodi fied MCM 22 in Exanple 8. Exanple 5 [00451 0.64 grans of H2lrCl6 were
di ssolved in 50 grans of distilled water to vyield a solution of pH = 6.9.
The resulting solution was used to inpregnate fifty grans of a fresh sanple
of MCM 22 using an incipient wetness nethdd- The inpregnated catalyst was
dried at 250F (121C) for 12 hours in air followed by calcination at 680F
(360C) in flowing air for 4 hours. One gramof the final catalyst was

eval uated for benzene al kylation with ethylene according to the procedure
descri bed 'nth@fﬁﬁpbﬁaléxt@@stalamed%f B&%ﬁ@ﬁ&ylaﬁoﬁ%fﬁ@étﬁ em a&orcu i Tied
MCM 22 in Exanple |l e 6 100461 12.6 gfans (NH3) 6Pt (NO3) 2 were

di ssol ved i nth§(rogedues defscrdb@t i Esanplaal. eCata@sypeﬂfmolmtomparod with = 5. 36.
The resul ting_sol.ut dt i npregnate fifty grans of a fresh sanple
of MCM 22 us\%ﬁb ‘i{ﬁ ‘W@;m S}%‘}i@fnr?i%g nmet hod. The inpregnated catal yst was
dried at 250F (121C) for 12 hours in air followed by calcination at 680F
(360C) in flowing air for 4 hours. One gramof -12- the final catalyst was
eval uat ed foEx#mpledhe al kyl ation with ethyl ene accordi ng to the procedure

described in taI nce 0 withe . u ified
MCM 22 in Exg)%?gpseiog%r fﬁp@ﬁﬁdﬁﬁ%&a éveﬁer g%&vegp ﬁﬁs%ﬁ'ﬂaf) Rﬂﬁpg‘g{dv\ere
di ssol ved i nwh@r g6 ayTeldoi sdiiioh! begH wag.er The eqllthd sckutivhi Wik Qfedptd = 8. 1.
The resulting solutign was used to inpregnate fifty grans of a fresh sanple

of MCM 22 usimiRjegiats ABY mrans ofe diesl sampletoh dACMFRR usiRg AagReipat watEssy st was
dried at 250f, {hq)alcf)hefu?%{eﬁé %8%5@13&{%«% lried é}'ﬂrs@‘*ﬁﬁleﬂ ﬁﬂ;} Cl'zr}?oﬁl PR A 680F

(3600 mflovmng air ours gram o cata yst was
eval uat ed f ofolloerd dyeakinayibatt 680‘%(860%1) iy Iﬂewmmcﬁfrm lgnrd. 0Ont banpofocedur e

described in nPI e 1 Cat al p Lor rranci { S. CO arleld1 W th nnodi fi ed
MCMs 22 in Ex nal gatal E%ta‘ﬁ%ﬂ g/aﬁjated or benzene alkylation wi ylene according to

the procedure described in Example 1. Catalyst performance is compared with
unmodified MCM-22 in Example 8.

Example 8
[0048] The performance of MCM-22 modified with a transition metal from
Groups 6 through 10 is compared with unmodified MCM-22 in Table 1 below.

TABLE 1
Example Metal | Kinetic Rate | Ethylbenzene | Sec-Butylbenzene
Constant (wt %) (wt %)
1 None 41 91.9 0.3
2 Mo 5 91.1 4.0
3 Re 37 89.7 5.0
4 Ru 60 83.8 11.8
5 Ir 82 77.7 18.2
6 Pt 190 65.1 31.5
7 Pd 360 0.5 99.5

[0049] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

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



[ 0048] The performance of MCM 22 nodified with a transition nmetal from

G oups 6 through 10 is conpared with unnodified MCM 22 in Table 1 bel ow
TABLE 1 Exanple Metal Kinetic Rate Ethyl benzene Sec-Butyl benzene Constant
(W % (w % 1 None 41 91.9 0.3 2 M 5-93-1 4.0 3 Re 37 89.7 5.0 4 Ru 60
83.8 11.8 5 1Ir 82 77.7 18.2 6 Pt 190 65.1 31.5 7 Pd 360 0.5 99.5 [00491
Wil e the present invention has been described and illustrated by reference
to particular enbodi nents, those of ordinary skill in the art wll

appreci ate tafiafhfe i nvention lends itself to variations not necessarily
illustrated ~herern. For this reason, then, reference should be nade solely
to the appended clains for purposes of determning the true scope of the
present invehti onA prodds fai ptddiscihg sécibuntiemzerfcoconainmhgclessgthar . bwityd benzene
containing less than 0.5 wt % .isobutyl benzene and tert-buytyl benzene,

conpri sing cAPH¥PFRESNS aP@é%F"@BH‘glﬁ“%%/ﬂi’gCOIBPB%H&éﬂ'étaQHES AP eamPriiinger

al kyl atiog coifild meﬁg?reae GRHA! ?{lﬁ%l,aﬁ&im.éﬁcﬁii&& With Bralt %&ubf%gzin%ﬁgag havi ng

an X-ray diffraction pattern including d-spacing naxima at
6. 90. 15, 3. 5moledilansidves hadiog @f Xmgs tifyactmncpattein) inphidirgdd-wpacing mpriotuce an

al kyl ati on effluent risi t seg-.but vl hepzene. to, 2. The .process of
claimi, \/\/ne?te]i2rfE‘irb|"Fes'f3(28(%':-0 P?%gétﬁg)gﬁé‘gig’n&ftﬁéﬁ dp’ﬁ%ﬁrgm G g@f?ﬂ?ﬂéﬁ? ont ai ns

I ess than 0. drowhdd@in dIRARKYEIRARRDM At RS decthutpibdipBrene. 3. The process of
claim2 wherein the sec-butyl benzene contains less than 0.05 w % of

i sobutyl benzene and tert-butyl benzene. 15

10 2. The process of claim 1, wherein the sec-butylbenzene in the alkylation

effluent contains less than 0.1 wt%of isobutylbenzene and tert-butylbenzene.

3. The process of claim 2 wherein the sec-butylbenzene contains less than

0.05 wt% of isobutylbenzene and tert-butylbenzene.

15
4. The process of any preceding claim, wherein 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.

20 5. The process of any preceding claim, wherein the palladium is present in an
amount of at least 0.5% by weight of the catalyst.
6. The process of claim 5, wherein the palladium is present in an amount of
from 0.5% to 5% by weight of the catalyst.

25

7. The process of claim 6 wherein the palladium is present in an amount of

from 1% to 4% by weight of the catalyst.

8. The process of any preceding claim, wherein the ethylene is contained in a

30 mixed C; hydrocarbon stream.



4. The process of any preceding claim wherein the nol ecular sieve is
selected from MCM 22, PSH 3, SSzZ-25, ERB-1, I1TQ 1, 1TQ2, MM 36, MCM 49,
MCM 56, UZM 8, and m xtures thereof. 20 5. The process of any preceding
claim wherein the palladiumis present ird4an anount of at |east 0.5% by
wei ght of the catalyst. 6. The process of claim5, wherein the palladiumis
present in an amount of from0.5%to 5% by wei ght of the catalyst. 25 7.
The process of claim6 wherein the palladiumis present in an anount of

from1%to 40 by gl ?JE(%/cieQJ o‘f‘%‘faiﬁlakak@fl%ltei .%he mgﬁﬁpmo%bcﬁg%t{%ggidi ng

claim wherein the e ene is contained in a on
stream - 14-d@&ivedhfopr ateass cedckimlgai aatabytiovosacking bhenmoxegkn@ Iy driefoar bon
streamis derived from steam cracking, catalytic cracking or an oxygenate
to olefin cHIVERY M tiSdcess. 5 10. The process of any preceding claim
wherein the feed conprises |less than 1000 ppmwater. 11. The process of
claim 10, wherein the feed conprises |ess than 500 ppm water. 10 12. The
process of cl@&i m The pwheesseifranyhpededing daimpmihsesn thestsed hampGsqspgess that er . 13.
The process Eéooaélﬁn%ﬁ:cedi ng claim wherein the feed conprises less than 15
100 ppm sul fur- ) & process of claim 13, wherein the feed conprises |ess
than 30 ppm sulfur. 20 15. The process of claim 14, wherein the feed
conprises less than 3 ppm sulfur. 16. The process of any preceding claim
wherein the tbed Eherpraceessof elgin tlfawherein the feed comprises less than 500 ppm

water.
10
12.  The process of claim 11, wherein the feed comprises less than 3 ppm

water.

13.  The process of any preceding claim, wherein the feed comprises less than

15 100 ppm sulfur.

14.  The process of claim 13, wherein the feed comprises less than 30 ppm
sulfur.

20 15.  The process of claim 14, wherein the feed comprises less than 3 ppm

sulfur.

16.  The process of any preceding claim, wherein the feed comprises less than
10 ppm nitrogen.

25
17.  The process of claim 16, wherein the feed comprises less than 1 ppm

nitrogen.

18.  The process of claim 17, wherein the feed comprises less than 0.1 ppm

30 nitrogen.



10 ppm nitrogen. 25 17. The process of claim 16, wherein the feed conprises
|l ess than 1 ppm nitrogen. 18. The process of claim 17, wherein the feed
conprises less than 0.1 ppm 30 nitrogen. - 15 19. The process of any
preceding claim wherein the benzene and-dfhyl ene are contacted with the
catal yst at a benzene:ethylene nolar ratio between 10:1 and 1:10. 5 20. The
process of claim19 wherein the ratio is between 4:1 and 1:4. 21. The
process of claim 20 wherein the ratio is between 4:1 and 1:1. 22. The
process of apy. Pr ¢6ERIoEes A prAaHE chim WeR AR HehAfhe o glid 10
under liquid phase conditions? "23. The process of any preceding claim

wher ei n sai deantarteal withgthe satadyst ot o denzdmg etatedeymplar datsd betvaen df:1 asl 24. The
process of agx preceding claim wherein said al kylation conditions include
a tenperatur '8f OC to 350C, a pressure of 10 to 10,000 kPa, and an

et hyl ene wei ght hourly space velocity (WHSV) of 0.1 to 50 hf'. 25. The
process of claim 24, wherein said alkylation conditions include a 20

t enper at ube 9. f r bhe peCesE{ BT, 1 Y9awvherein she retiods batweenHd and 181000 kPa, and an
et hyl ene wei ght hourly space velocity (WHSV) of from1l to 10 hr-1. 26. The
process of any preceding claim wherein said alkylation effluent conprises
pol ybut yl benzenesThO grdcbe IeaD9 wWheiéih eic @ATRY bdwsertPNtaagtiing said 25

pol ybut yl benzenes with benzene in the presence of a transal kyl ati on cat al yst
to produce sec-butyl benzene. 27. The process of claim 26, wherein the

rensal kvl ot son Chghihy SO 13628 TR SRl SUEYEyRELEEL il 7! <

| TQ 2, MIw 3tndeMiyhidPhaddddndBionkl/M 8, and mi xtures thereof.

23. The process of any preceding claim, wherein said contacting is conducted

by catalytic distillation.

15 24.  The process of any preceding claim, wherein said alkylation conditions
include a temperature of 0°C to 350°C, a pressure of 10 to 10,000 kPa, and an
ethylene weight hourly space velocity (WHSV) of 0.1 to 50 hr

25.  The process of claim 24, wherein said alkylation conditions include a
20 temperature of from 30°C to 300°C, a pressure of from 100 to 5,000 kPa, and an
ethylene weight hourly space velocity (WHSV) of from 1 to 10 hr™".

26.  The process of any preceding claim, wherein said alkylation effluent
comprises polybutylbenzenes and the process further comprises contacting said
25 polybutylbenzenes with benzene in the presence of a transalkylation catalyst to

produce sec-butylbenzene.

27.  The process of claim 26, wherein the transalkylation catalyst comprises a
molecular sieve selected from zeolite beta, mordenite, USY, MCM-68, MCM-22,
30 PSH-3, S8Z-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-§,

and mixtures thereof,



-16- 28. The process of any preceding claimand further conprising oxidizing
at |east part of the sec-butyl benzene in said al kylation effluent to
produce a hydroperoxide 5 29. The process of claim 28, wherein said
oxidizing is conducted in the presence ofléa catalyst. 30. The process of
claim 29, wherein said oxidation catalyst is selected from (a) an oxo
(hydroxo) bridged tetranuclear netal conplex conprising 10 manganese, (b)
an oxo (hydroxo) bridged tetranuclear netal conplex having a m xed netal

core, one mebal o j Al v.alk 2§ Cu,
o, Toor N RR ami PR aree Fep sy (A nd ik ERMBEIAL AIPRED

met al sel ecleest parvnofl the Fes-bitmlbeane Ain axid alkxlatioe sefflhertewf pradude 16 (c) an
N- hydr oxy sugs{hitute cyclic imde either alone or in the presence of a
free radi cal "YHPRTEY!6F. " 31. The process of any one of clains 28 to 30,
wherein the oxidizing is conducted at a tenperature of 70C to 200C and a
pressure of 50 to 1000 kPa 20 (0.5 to 10 atnospheres). 32. The process of
any one of cP%i nsTh8 precess ofwiaineiZ8, sdiectimysadi exidiging is condistadedn e

catal ytic di slteiEImI ato'ton.t l25t 33. The process of any one of clains 28 to 32 and
further coreri§| ﬁ& ?8%9#%@, at | east part of the hydroperoxide to produce
phenol and nethyl ethyl ketone. 34. The process of claim 33, wherein the
cleaving is conducted in the presence of a catalyst. 30 35. The process of
clai m 33 or 29-ai mBaprogpsdickimd, whergin sail oxddationcatalysd is s¢lecieddrosiesence of

homgencous. cat al (2t - cBmr Sagdtoxd) el ERmBlea RN Samid SR O,
aci d, phasphmanganaed,d, hydrochloric acid, p-
(b) 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
selected from In, Fe, Mn, Ga, Al and mixtures thereof; and

15 (©) an N-hydroxy substituted cyclic imide either alone or in the

presence of a free radical initiator.

31.  The process of any one of claims 28 to 30, wherein the oxidizing is
conducted at a temperature of 70°C to 200°C and a pressure of 50 to 1000 kPa
20 (0.5 to 10 atmospheres).

32.  The process of any one of claims 28 to 31, wherein said oxidizing is

conducted by catalytic distillation.

25 33.  The process of any one of claims 28 to 32 and further comprising cleaving

at least part of the hydroperoxide to produce phenol and methyl ethyl ketone.

34.  The process of claim 33, wherein the cleaving is conducted in the presence
of a catalyst.

30
35.  The process of claim 33 or claim 34, wherein the cleaving is conducted in

the presence of a homogeneous catalyst.



t ol uenesul fonic acid, ferric chloride, boron trifluoride, sulfur dioxide and
sul fur trioxide. 5 37. The process of claim35, wherein said honbgeneous
catal yst conprises sulfuric acid. 38. The process of claim 34, wherein the
cleaving is conducted in the presence 1014f a heterogeneous catal yst. 39.
The process of claim38, wherein said heterogeneous catal yst conprises a
snectite clay. 15 40. The process of any one of clains 33 to 39, wherein
said cleaving is conducted by catalytic distillation. 41. The process of

any one of ci@i MerR3,10e AQyr IHHRM ), Wielin §4iF QoG ercdus EQRARNCLGthitks &

tenperature %? 40C t% 1%%83(% pressure o?llﬁé tgef%gﬁ %ngpéﬁ%”a S20 l'iquid

hour |y spacelesgloneiaf\sulfutiSwidbpsrebloon atide physphope podj bigdro¢hldri¢ aciBOp-hr - 1.
toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur

trioxide.

37.  The process of claim 35, wherein said homogeneous catalyst comprises

sulfuric acid.

38.  The process of claim 34, wherein the cleaving is conducted in the presence

10 of a heterogeneous catalyst.

39.  The process of claim 38, wherein said heterogeneous catalyst comprises a

smectite clay.

15 40. The process of any one of claims 33 to 39, wherein said cleaving is

conducted by catalytic distillation.

41. The process of any one of claims 33 to 40, wherein the cleaving is
conducted at a temperature of 40°C to 120°C, a pressure of 100 to 1000 kPa, and a
20 liquid hourly space velocity (LHSV) based on the hydroperoxide of 1 to 50 hr™'.



