WD 2007/ 093361PCT/ EP2007/ 001209 - 1- PROCESS FOR PRODUCI NG

SEC- BUTYLBENZENE FI ELD [ 0001] The present invention relates to a
process for producing sec- 5 butyl benzene and for converting the

sec- but yl ben2¥d200§/893pfHienol and nmet hyl ethyl ketone. BACKRGREIWD7/001209
[0002] Phenol and nethyl ethyl ketone are inportant products in the
chem cal 10 industry. For exanple, phenol;_is useful in the production
of phenolic resins, bisphenol A J[err]- caprolactan1 adi pic acid,

al kyl phenols, and plasticizers, whereas nethyl ethyl ketone can be
used as a |l acquer, a s@ERGIESSAORRRODEGANGEEGBUIMIBENZENE oi |l s.

[ 0003] The nost common route for the production of nethyl ethyl
ketone is 15 by dehydrogenati on of sec-butyl alcohol (SBA), with the
al cohol being pgpElubed by the acid-catalyzed hydration of butenes.

For exanpl e, scal e SBA nuf fure by reaction of, butylene
with sul furic a@s‘éiﬁ L[EEe?fe%?BE 448 r Pndndy %sﬁrg I, prgducing “sec:
gas/|iquid et r betyibemzené A0} Ebnvemngtne sed- baylbm&hne:mrpimblmdmmwwhylhe
production of p enoI is the 20 Hock process. This is a three-step
process in whi cK'®PHe first step involves al kylation of benzene with
propyl ene to produce cunene, followed by oxidation of the cunene to

the correspondi ng h oxi de and then cl eavage of the
hydr oper oxi de tggégégégﬁﬁ@%uinnlar anounts of phenol and acetone.
However, the woydodzpdenm®hghol aid ra&ﬁylmthyi Eet@feﬂmé mgaoﬁﬁﬂitq:orcﬁcﬁlpisdﬂl thetchentical

1at for acetone. In 2 addlt € cost

g Iene aHLve o
Khat for butihesae | Bet goipis Hhrighde gl dn be 2Rt BRo M reifoFolge
of propyl ene. Thidphendl Af ﬂe@saadthﬁ,tadqﬁemdmmpsemnsmeiaﬂmifclznrsppyérme
as feed and coprogwﬁeﬁ_ tq%t g’fﬁeton ratherlth gﬁet one nay
an attractive amelhgiyl etpnseaR G use s &Hﬁ?{laoﬁméef“ BRRAY “[351%5(]
i s known that phefedtingwils.net hyl ethyl ketone can be co-produced by 30
a variation of rocess in ut | benz .S idized
to obtain sec- bh{@ﬂbeng‘ggg"’ﬁ r"B’b‘E‘rISR{ecH]Br @ﬁaﬁ%ﬁ e‘ﬁnﬁgﬁﬁ eg%gﬁﬁ 5 8d
to the desirgd pjeésdrogahtion ohyde-taty wlcoked (SME), with thy sitstiot being prododeda
process i s desc ed |n 3361PCT/ EP2007/ 01209 2-
113-421 and 261{’32§§ agid- %F%\gs‘i ‘é&t&f’ﬁoc}%n% ?“ﬁe&gF f”‘%?i’ ¢, SRS Sl SBA
"Phenol ", publ i ghgsdadiretbeeadtianbiulylXesdar stifuliiadid hasth@en Becbmplshibeé for
1977. [0006] Sec- but Ibenzeng can be produced by al kylating benzene
wi th n- but enes™3%eyeaEh 14835 eéfr%m" The chenmistry is very sinilar
to ethyl benzene’mq 5 cwmfem@ nfeeﬁbsc&mmaon Hawefse the pasduttien ﬁaﬂhmi is the
nunber of th atin ent, in es, the,nu r o uct
i soners al s&Y ngPé‘aQE’é"e Fo méx‘érf"pﬁ‘é %phWBeéﬁi%ﬁgBﬁ‘ag’eoﬁ P& JRyolves
pr OD?/Lbenzenehhaa%;mm oSEBING Witiprepderand pfddﬁéd)@mhdﬁe,nﬁﬂiﬂ\@éd byoxidation
utyl benzene has_four isone enzene
@or sec- but yl beﬂ%gﬁe"“ﬁ?eﬁadettﬁ%%m?ﬂ”qd@ﬁ Prﬁg?ﬂeéqﬂ&t Wcﬁﬁﬁﬁrﬁ?‘?ﬁaﬁ t)%
Ib so-, OIt butyl beﬁy‘ﬂqlﬁrm@dﬂo Pisduze qumalasmbwh atbhéholfaﬁﬂrmétbn'ﬂ‘l Hhees
yproducts, especial]y,iso-hut nzene, have s very o
ol 6se to sechut B oY P TP R ey et B sy o
sec- butyl be%enﬁidliﬁbndth%fcbét |oﬁbﬂo§ﬂeﬂ&€ﬁtlie&b|t1&t ke batehes is likely to increase, due

But yl benzeneBoi | i ng Poi nt, C t-Byt enz e169 i - Butyl benzenel71
o Bt y1 bongeno 119 SERIPEISkTASh 61 BPY N [ U554 ROr<S et bses butenes iastead

i sobutyl benzeneoﬁﬂ'dp}ﬂ&fetas wﬂwh@emmmaﬁahﬁmmwkér@m@ﬂmmmmm niag

t he oxi dation of sec- benzene to the corre di ng hydr oper oxi de,
a necessary nexp® @’t"étﬁacltlﬁ : FRALXE YlFdP P’Sr‘i’“ﬁ‘l““’?ﬁ?t#}’g r@?hyl ket one and
phegol [0(2388] : foobs al RaGs Iilﬁﬁlnl’tfi:t.)ﬂpﬁcﬂoﬁ)alfd&ﬂﬁgﬁ emyhmmmeaﬂbsdupfoau@u@p
as but ene ol i gopers, enzenes tr| enzenes

by- pr oduct s 3Pond GARAt ‘BBt"é%&bé?%‘ %?FE%WeWIP" 6“69‘!‘ %Fﬂ’lﬂdﬁf%@'zed o oSN
sec- butyl benZen@bc&ﬁhﬂh‘ehtdﬁbthydm'ﬁbﬁxmbeind nthe ﬂammaedeabmgmrts thée degdied O

have an i nhi biting effect ut yl benzene ation rates. ., .
he%ol and methy. ethy??(etone yl\.n over\n{]aw o suc a processais Scscnbed in




-3- make is expected, which further increases the inportance of the
sec- butyl benzene selectivity of the catalyst. 10010]In our

I nternational Application No. PCT/EP2005/008557, filed August 5,
2005, we hav®Q98¥%P¥éd an i ntegrated process for produdCREPHREHIRS
and 5 nethyl ethyl ketone, the process conprising (a) contacting a
feed conprising benzene and a C4 al kyl at.bng agent under al kyl ation
conditions with a catalyst conprising zeolite beta or an MCM 22
famly zeolite to produce an allcylation effluent conprising

sec- but yl benzenmagey B}3-d%1 dindi264-265 eof sSRyocdss tBebiwmmiese Repart Nor i entitled
hydr oper oxi de; B C j uce 10
phenol and net h?lﬁ& “‘%‘H@’P bésg%%@e&‘g%agggf E&%ﬁ%ﬁ%%ﬁﬁ%‘?&oﬁ@r ?én@(fjude a
t enperature of [@B0G]t 68@-hutylbdneene GHOG: prﬂHCQxhymﬂlela&bgthcna@@CMﬁo n-
about 200C, vvlth al | C 1 E@

accordance with ‘tteﬁlgs o%%ggﬁxﬁ%{?gé& P@iﬁ%?ﬁs M"?ng”g‘t‘ 1l%legl\gvéﬂoeen
found that i 6 tdvmeat Ipcgduattonon Hmwessasdhscarbduedumbermfrthd: ratkglamg iagend |
Application No., 15 PCT P2005/ 008557 I8 conduc t

t enper at ure confFerread \II%I %{rngfrpovﬂuc Yihed rﬂ\éﬂfs?&g’f anbuf** Pl
to about 150C, dtindsentzére &elcmettsmdrypmwlmmtlydsttwnzxmrs $cumene and n-
significantly increased over her te erat ures out
excessi ve | oss RRPXpRZened; §id %Bﬂ ¥ Géec}ét a#aylgtlsongrs & (e &Y \3"1“%?5 on
product is substinmytberabﬂey Fbeecdiutwmmbpl‘ddectmna iirgportant to mlmmlze n-,

ert-butyl bepzene, an attract ed f.or pse I-

frocens Lo iladnes HhroBrathe HETRIMERGe FEPohE: RGN | "B

from for exar‘rpireductd Sspdemljen'so-bhylbehz&&z Ha@6 boiliag polné vE@r clsseato sec-

effective catal t. for al at i on of. tic ¢C ounds,

benene. w th dRgpaEg e b e R R LpaBR BRID SRR, by o

carbon atons O\mmlhtwn(ieetnblagelowj terrperatures from about 0C to about
[~ =AY A

500C, preferably from about 25 FA: ;Eu‘auuut LB:OY%PJ. '}\d(ff'n

..."

di scl osures are contained in U Nes- -o10~and 5, 557, 024
but where the zeolite is NOM 49 QW%G respect el y. However,
there is no disclosure or sugge “FH'% hese refefgnces that NOM 22,
MCM 49 or MCM 56 shoul d be unus acbut yl benzene in
the al kyl ati on of benzene wt H—p icularly 30
when the alicylation process is conduct ed at a terrper ature of about
110C to abous 15667 -N&nreSchVkaﬁtﬂlea%ﬂd ancDm@t-aﬂﬂBﬁizcnd e piesent be

i nvention resi d]“ﬁ in a(g cessgf du0| n sec- but% &enzeneé tcté]e
process conpri SPHBESnE%cfenf* %‘bd" ofFS P t?‘?ﬁz"b‘gn CarfE"SPEPEPE
al kyl ating ageriydtbpeiekide) X yibcatsafnexo 6idp fdoroMs peudgtionséMgetBylt iyl demhelr
of 5 about 110C o about 150C with a catal yst conprising at |east one
(mol ecul ar si evé™fi& D$0§ an X-ray diffraction pattern including

d- spaci ng naxi meoosy 12t 4&9 A%, desible ltv, dedudd) othér aﬂCerdtﬁ%Os&'ﬁ A gateh®m

100141Pr ef er abl the ular sieve.is. selecte

MCM: 49, M@Bmﬁtﬁd ﬁ&?‘&?&eﬁ pret bRty IbgREPnES, éth gt}ye?%%ﬁ FQrSHe
MCM 49, MCM 56 takgle Jdﬂdlmiohﬁ%ed Rl @6fiprbAikkSicEmniRhAME |s¥lec®alyd The
all cylation cocgeﬁté% S co rise a tengerature of ahout 120C t% about
140C, preferabl ‘F‘B"Sé’ﬁ‘oﬁls aeecan inibiing CHRRS o sefbpiylberacae 4
all cyl ating agmtdatlﬁhfa&); corrpri ses a linear butene, for exanple

1- but ene and/ or Z-E & é‘ﬁ‘FWﬁgﬂbOdl nment, said |inear butene is 15
contained in alf® OLEQYE SRF-PUYIBERFFRERTedpCtion chn BednAXmRFEDYf
sul fur renoyal usifpta pge h-tuiieadd, i0KYETdE to aﬁpuﬁhor@u&@ﬂme butene
renmoval and is E%ﬂten renoyal prior to coEtactlng u}

Conveni ent |y, & SHF %?jk‘t%“@f eﬁ‘rﬁYP’gaaBﬁ%‘f"F‘i‘ Sentaigs &1 %eputadione gad 8- o
stream [0017] Isp; Rewut@iEh OVt incisaded isobiterGh ithdfebd aGOFHEH Eb@gbubeRs

at least partial 20 liquid phase conditions. Conveniently, said

al kyl ation conditions also include a pressure of 7000 kPa or |ess,




under al kyl ation conditions conprising a tenperature of about 110C to
about 150C wth a catal yst conprising at | east one nol ecul ar sieve
having an X-ray diffraction pattern including d-spacing nmaxi na at

12. 4+0. 25, 6.v01®74B3613. 57+0. 07 5 and 3. 42+0. 07 Angst r onPEERPGHNIGE?

an allcylation effluent conprising secbutyl benzene; (b)
oxi di zing the sec-butyl benzene from (a) tj0 produce a hydroperoxide;
and (c) cleaving the hydroperoxide from(b) to produce

phenol and nethyl 10 ethyl ketone. [0020] Conveniently, the oxidizing
(b) is conduct ethake istdxpeqisde shith durter incrratea khedmposanc ofithe aecshitgbsistne

selected from (i ., 0OX hydr gxo) bridged tetranucl ear nmetal conpl ex
conpri si ng nangé%l%%&“”’ﬁ% éﬂy‘gxo (hydroxo) bridged tetranucl ear

met al conpl ex hgo10p a b #éd@hationsloApplicatien rigs. a[PCGYERmGSIO(aﬁSé? bcﬁﬂedg

di | 15 | df
o eaf Cand anoArarst SeATHS. Hehivs JepcFhid A rdind Papess Siraugmg pherc] #°°

Feb Vh, Gad A ﬂﬁmymeﬂiyu keBnd, B¢ @flfces’é%rrﬁ:hklhﬁ (@Ncodtdayinly @Xf¢ed compnsmg
substitute CyCICIm e r alone or I n resenceo

radi cal initiatBFNZeP%a%hHa %nﬂ%ﬂﬂwnescn& H@%ﬁ‘ﬁ(ﬁawﬁt Fefitons awgks? °Pt§‘%§‘
het er ogeneous Caéiprikidg zedfite] K¥0244 &ONICMIZR Thrhily zédlRe w(pﬁttlﬂden@ {loylation

conducted at a tenperature. of about 70C t abogt 20 Canc{) “PreSSU{
of about 0.5 toCHBER CORBPTININ G G5 HRAPARENEH: HEingpHe, sec-butylbenzéne “to

[ 0022] Conveni enb}o)aucet mymbpauxxag a(rﬂ)thbtﬁ (o) erdving able m;aa:bismme&epmemf

€t st e e T ke BRSSHen SoadiE R AERE S femperatre

catal yst, such gsateul 602016 aB&it 607C) G Tkiaply abbue D00°C, totabeut @DEY iwith afic)
is conducted at a _tenperature of %ﬁout O0C to about 120C, a pressure

of about 100 toﬂ‘él?éﬁ't“PESB@“&EqﬁQ““ & 18096 qui d hourly space vel ocity
(LHSV) based onygoig) hy g eRerdandedgittOthe pheeeit ifYedtionDsipsiigly Das ndv been

DETAI LED DESCRI PTI OF, THE, EMBODI VENT 0 esent i.nvent

is directed to g’“ﬁgy@ég@? 5}‘5%‘19&5893 eéﬂ'&”? %V%&‘E‘?%‘H@Péﬁﬂ Al

%ﬁnvertl ng tifze P@?f]%?&bﬂﬂ/b@%’ﬁﬁ;’s‘ E@ldﬁhaﬂohﬂﬂrtﬁ% nfEﬁleJatuﬁi rtyshtrdmﬂowahm :
e conversion involves_initia enz n

produce the cor PEERYHdefinsd W%ﬁ&ﬁé iﬁ)é &‘f@ ‘ﬁ" y%sec"

resul ting hydr Oﬁﬁgmﬁﬁz@ﬂe 9 siphiTdMes Inhféaﬁﬂsdv’éﬁdp&b@d’iﬂht a@erﬁmhipyﬂaturcs

et hyl ket one. 5]1n partjcular, the inyention se

di scovery t hat WEW‘BE?FE%‘Y% ofssinAng ey %rgtgwa[tﬂysé &@@Ty&l‘ﬂoﬂgrwm

aglent Isuch as ﬁ%ﬁb%&ﬁdlahytfﬁs%ffim 1b8ivRhe ]é&ldlﬁf)tléﬂuy}&lienmﬁpftlﬁbmgttﬂcnve

nmol ecul ar sieve o e ef era

and/ or an i 98 yfred f%é‘?"e’é‘fth"aﬁﬂcktm%ceégl ‘P@%d&ﬁ Hﬁ‘ﬁnqlwg‘é’t%éﬁi@o“e

iggtcr 0|t |hed \cht h[mblma: r !M‘g xtn&teff &aﬂdfdrleﬂarmﬂe ;U staitr?mm Nbé@@?z oosammLMCM-

en the selec [ ocess to the uctio

ec- but yl benzen&? IS@Gﬁé%‘BéGP@B’F&‘%é%%&lﬁ‘&Wfﬁman& CB‘P’B%%’Q ‘;rsh El'?d’e’ﬁ?ge

same catal yst byith alkyfatihg AP sudheasaflefikd Okaving @V eo sB@lrw ald:ﬂﬁovetr he

rate of conversion of the butene %eed becaonmes, 15 Bﬁg:e 5}% W ot

Benzene Al kyl at 81§ FaRgs o6 rHSTaHEes, 3{:‘5&"?9%5 B ?PE‘T‘F St'ep

to produce ssc-sq°C mﬁuaa&besmenesmm Bﬁcl@ﬁﬂescﬁéﬂéﬁﬁtﬁlhad knyy UeB! aBatenb Nes.

benzene feed, but ref erably the ﬁ nzepe h |ty Ievebdcgc;ﬂis%t

least 99 wt % [®d2 T}Pﬂén%lﬁéh%l Y WBERtO% #5° 8 ’én A3 had

aromati c organi fgge n@lob.%Vérng]eﬂenﬁ Q' di§tistre DY Bt @Blich ﬂll thydeatieftces

al i phati c groups capabl e ctl on. W th pbenzene and havi 4 car bon
atoms. Exanpl esthd 1"2@‘( ?\QC %IWC‘VFM ?Qldh%ﬁ%re'i’fgs“‘?“ﬁﬁq Waer lective 10 sec-

monool efins, s usﬁtyle&mbh@ﬁ&he uyiefi@ser Rafdnk Ghthard,yalbaiteiaergent, particularly
30 when the alkylation process is conducted at a temperature of about 110°C to about
150°C.




25 1 and/or butene-2; alcohols (inclusive of nonoal cohols,

di al cohol's, trialcohols, etc.) such as the butanols; diallcyl ethers,
such as di butyl ethers; and al kyl halides such as the butyl chlorides
[0028] The al W0 200788§3@gent can al so be an ol efinic Cei MRVEFHTBYAL
m xture such as can be obtai ned by steam cracki ng of ethane,
propane, butane, LPG and 30 |ight naphthgs, catalytic cracking of
napht has and other refinery feedstocks and by conversion of

oxygenates, such as nethanol, to |ower olefins. -7- [0029]For
exanpl e, the foBUMMARYit hydrocarbon m xtures are generally

avail able in an i nery enployin t eam cr L Ng - :

olefins; a cr uqlooéﬁeam%3¥'éec%§%°?’t)th? g’ﬁgengfn?%rgﬁ’]ggég}?ilé]g %rc%g?fsﬁg()ducmg

Er ;)dg_ct re][ral ni e%-taxft)tlbernz&ml e dromss comqirising contadtingr 2 fped sompmsingbengensy e
utadi ene fromt rude steam cracked but er: t ]

Raffinate-2 (t hé’“ﬁ? §ué§rlavmemlw e, Vé&?éﬁ‘ﬁd\r‘}g‘iﬁ&&gﬁ‘ﬁ%ﬁ craturp of

It ﬁ obut e?e f rcsmhhmt Q1 OE (oS htaml $0°Gokitd a katalystecomprisimg)at 1€@@enencainplgeular
ese streans have conpositions within the wei.ght,.ranges i ndj d_

Table A bel ow. T4t SARBaHboREN APAHEnPREH dSAaf e ThbRhE ar "

Raffinate 2  Sebyents,Bgs0as]3.9R007dnd §A2+0BW1 Aegtromxt ract i on Hydr ogn.

But adi ene 30-85% 0- 2% Q- 2% Q- 1% 0- 19 - -
0-0.5% 0- 0. 5% [3014] ’ %re%e?aﬁy,lt& (1)noJIeéO1.II%r4 si%\(':celts%ltﬂ%&gé fr%mlllél%l\?-?.g; 1&%1\4-49,

.. MCM-56 and isotypes thereof, and more preferably from MCM-49, MCM-56 and
(- 10 isotypes thereof.
[0015]  Conveniently, said alkylation conditions comprise a temperature of
about 120°C to about 140°C, preferably about 125°C to about 135°C.
[0016] Conveniently, the C4 alkylating agent in (a) comprises a linear butene,
for example 1-butene and/or 2-butene. In one embodiment, said linear butene is
15 contained in a mixed Cs stream which is subjected to at least one of sulfur
removal, nitrogen removal, oxygenate removal, butadiene removal and isobutene
removal prior to the contacting (a). Conveniently, said mixed C, stream is a
Raffinate-1 or a Raffinate-2 stream.
[0017] In one embodiment, said contacting is conducted under at least partial
20 liquid phase conditions. Conveniently, said alkylation conditions also include a
pressure of 7000 kPa or less, and a feed weight hourly space velocity (WHSV)
based on C, alkylating agent of from about 0.1 to 50 hr”' and a molar ratio of

Y

benzene to Cj alkylating agent from about 1 to 50.

{0018] In one embodiment, said alkylation effluent produced in (a) comprises
25 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-22, PSH-3,

SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and
30 mixtures thereof.

[0019] In a further aspect, the present invention resides in a process for

producing phenol and methyl ethyl ketone, the process comprising:



0-0.5% Butene-1 1-30% 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% | so- but ane 0- 1% 0- 1% 0- 1% 0- 2%
0-2% 10 [O003WPeRMHeY33flefinery mixed C4 streanms, such as PEEER007/001209
obtai ned by catalytic cracking of naphthas and other refinery
feedstocks, typically have the foll ow ng_gonposition: Propylene- 0-2
wt %

(a) contacting a feed comprising benzene and a C,4 alkylating agent
under alkylation conditions comprising a temperature of about 110°C to about
150°C with a catalyst comprising at least one molecular sieve having an X-ray
diffraction pattem including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.5740.07

5 and 3.42+0.07 Angstrom to produce an alkylation effluent comprising sec-
butylbenzene;

(b)  oxidizing the sec-butylbenzene from (a) to produce a

hydroperoxide; and
_ (¢) cleaving the hydroperoxide from (b) to produce phenol and methyl
(_, 10 ethyl ketone.

[6020] Conveniently, the oxidizing (b) is conducted in the presence of a
catalyst, such as a catalyst selected from (i) an oxo (hydroxo) bridged tetranuclear
metal complex comprising manganese, (ii) an oxo (hydroxo) bridged tetranuclear
metal complex having a mixed metal core, one metal of the core being a divalent

15 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 (iii) an N-hydroxy substituted cyclic imide either alone or in the
presence of a free radical initiator. In one embodiment, the oxidization catalyst is
a heterogeneous catalyst.

20 [0021) Conveniently, the oxidizing (b) is conducted at a temperature of about
70°C to about 200°C and a pressure of about 0.5 to about 10 atmospheres (50 to
1000 kPa).

{0022} Conveniently, the cleaving {c¢) is conducted in the presence of a

(N

catalyst. The catalyst can be a homogeneous or hetergeneous catalyst. In one
25 embodiment, the catalyst is a homogeneous catalyst, such as sulfuric acid,
[0023] Conveniently, the cleaving (c) is conducted at a temperature of about
40°C to about 120°C, a pressure of about 100 to about 2500 kPa, and a liquid
hourly space velocity (LHSV) based on the hydroperoxide of about 0.1 to about
100 hr',
30



15Pr opane- 0-2 wt % But adi ene- 0-5 w % But ene-- 5-20 wt % But ene- 2-
10-50 W % | sobut ene- 5-25 wt % 20l so- but ane- 10-45 wt % N- but ane- 5-25
wt % [ 0031] C4 hydrocarbon fractions obtained fromthe conversion of
oxygenat es, S¥@PO0F833dt hanol, to | ower ol efins nore typi REVERZ0GTHIR09
the follow ng conmposition: -8- Propylene- 0-1 wt% Propane- 0-0.5 wt %
But adi ene- 0-1 wt % But ene-1- 10-40 wr A 5RBut ene-2- 50-85 wt %

| sobutene- 0-10 w/o N + iso-butane- 0-10 wt % [ 0032] Any one or any

m xture of the above C4 hydrocarbon m xtures can be 10 used in the
process of the DETAILEINDESGRIPTION OF THE FMBODIMENESS and but anes,

t hese m xtures i,cal contain c anent uch_as _|s
but adi ene, whi CL%QQC] bﬁﬁéﬂ"@“?’ér‘%ﬂggﬁdst r&‘ﬁﬁ? z%easgwg?ssttﬁg%}oﬁd\q}g'ﬁ?ﬁgﬁ
For exanpl e, thbuthibei@he ahk yheat tonmerfing thecsecdivt)iltnibme en ephend! handemetbyle

is tert-butyl benzene whi as previoysly .stated. .acts n

i nhi bitor to th5£¥ﬂf?§q§'ﬁu g RA ‘BY?l‘I‘é“Fi‘BEa@h%é‘f‘z‘-B$ 18, B pitipenzenc o
al kyl ati on stsepprodhes ehavicsirespesding diydiopirbyidar mds tehecleadng chd utsultingne
renoval and isoputene r.enpval

. . For .examl e,. i sobuyt an _be renoved
by sel ective di AETPEEERY t°(§’F°dr“‘éeatgF Pﬁﬁ%eﬁbw@?ﬁgﬂyf‘&&ﬁ%ﬁ%&uce MTBE,
wher eas but adi ege2spn e pagiFoME Othb Vinesatiomds ivasedoon thd @éscoweey that when
hydr ogenation to butene-l 0033] Ln ition . to other.hydrocarbon
conponent s, conPERERSS atkyl "Hgtfl%tﬁﬁﬂ%}?%ﬁ%mﬁ“&’éawa%ﬁsﬁ?“%f&ﬁ an
ot her inpuriti egcullysttofubidg benoliehlai stemiofthetMCM22 finkily| prefecably MCM-

rocess. For_exanp refinery CA4, hydrocarhon strea .ypi.cal | .
contain nit r]&geﬂg’ah/gmgltﬁ%f ﬁ?de/?grﬁﬂr’is?%es, Wgrwsh&a@{?bé&ﬁrﬂ eﬁxmre s
streans obt ai nedoduoliex Witkiakeownicanal lnitspfabas 46°Q tppbaallb§°C; dren dien

=r eact ed oxygenates, and ter. Thus, prior tq the alkylation st

these mixtures RESCHNTIESE e pacessig é‘&pg#“?tbo“o‘#ége‘ﬁsmﬁkfézeg? ’ss‘t]ﬂefs( ;ﬁ%ﬂly
renoval , nitrogeghah&sivet a piddese uyige HiRtsemeé enalyslibyt atr teipérhtureroft160°C or
but adi ene renpoval and ifobﬁ@@&e em)valf. Rempval foﬁ%sgltf ur nigeggrﬁgsn,
oxygenat e i npur PE9¥Es €%, » IRF T8t 9 eqvergiop, ofo s BYtens FsHeRaF Fon
of caustic tyeabpdRiabyVRiaer washing, distillation, adsorption using
nol ecul ar si eves and/ or nenbrane separation. Water is also typically
renoved by 30 adsorption. [0034] Al though not preferred, it is also
possible to enploy,as th kyl ating agent in the al kylation step of
the invention a mgﬁnﬁf@@g{ﬁu& al kyl ating agent, as described above,
and C3 al kyl ati ent,, such as pr €he S Quchil@in ¢ Abd 0.
step produces a%zgﬁurtérhgfg%nﬁ%ngg ﬁ:ﬁéﬁsgg_ hﬁty lenzer?e.g ?dhéﬂr) esul tgmt
m xture -9- cabutyltenzene cor wcayseshnicmialygaitabiedzenzann feaddbus|peefabje the o
make a m xture of acetone a I i,t h phenol, preferably
where the Gr ?’P%F eghaéfapggé’ﬂg‘hl\ég&%%ﬁ%e@%ﬁ@s 0.5:1, to match the
@em&md of bi sphgotal7} A Thedaikylating ag&®3GhCon\eani alighbtic drharometicy| orgasicd

o the alkylation sten .of. the prese LAV.ans | [ bid g
1000 ppm  such SERPEE Pk o0+ FGE ta?%ra*’%xa?ﬁ%"i“‘ég|a§§§*i?h%§“ﬁf8°35“‘gpm
wat er. | n addit reantiort heétht mhadnef and chavingi 4 sdrben etomtsai Fxarhmdessof puitableoo:
ppm such as |es an 30.p fo | _
DR 1 655t han aBRE adiols RLeuREops IR ity sE el Bitdnel, BRAly ot
0.1 ppm ni tzgenand/cd BGEhd e akbliopd Endlosivecal mbyaicobslsddialnotolse tinlehelst
process s acr )é?ct)aslutlzﬂ 2the butanols; dialky! ethers, such as dibutyl ethers; and alkyl halides

such as the butyl chlorides.

[0028] The alkylating agent can also be an olefinic C4 hydrocarbon mixture

such as can be obtained by steam cracking of ethane, propane, butane, LPG and
30 light naphthas, catalytic cracking of naphthas and other refinery feedstocks and by

conversion of oxygenates, such as methanol, to lower olefins.



10 nol ecul ar sieve having an X-ray diffraction pattern including
d-spaci ng maxi ma at 12.4+0. 25, 6.9-10.15, 3.57+0.07 and 3. 42+0. 07
Angstrom The X-ray diffraction data used to characterize the

mat eri al (b)) W&280%138341 ned by standard techni ques using PREERZOATMM9
doubl et of copper as the incident radiation and a diffractoneter
equi pped with a scintillation counter ang. associated conputer as 15
the collection system [0037] Materials having the above X-ray
diffraction pattern are sonetines referred to as nol ecul ar sieves of
the MCM 22 fam [0029nd ForcéxanheleMiic ﬁﬂoﬁrﬂxgs@r hixdrdcarbonUnturBa aengenbielly

4,954, 325), PSH 3. (desc hant 439,409 S
(described in ) §'] ate mppﬁﬁgnérg F’g’f@ Nq‘i @e%rg?q%e%ﬂf}ng %81%;]6
Eur opean Pat entstdsim cﬁﬂ&ﬂaﬁﬁen,e sltr'EQa,lRéﬂaate-rll (ﬂtedpmdudu réinalﬂlag aafier bidvent

6,077,498), IT d i.bed t t b|
V0o7] 17250} . veoraion st W BB b BREne FBMEG cfidg sles' dfled o
(described i & Wukne Eaemtanmaaffsm@%a&nﬁ;oaucmmaﬁﬁ,gmsmmdmblofhutddﬁeﬁe

Pat ent No. 5, 362,69 U, described i

51756, 030) , _andHIRLLIeRS RERb PECTIOEH GRS ek Sitons MR o Daperdy: s

i s sel ected fr otesray haVEMbHAPositichs wittiniintw eighd rdn@gs indiodtypmsTable A/ENMQ

and MCM 56, such as ITQ 2. [0038] The term"MCM 22 famly material”

(or "material of the MCM 22 family" or "nol ecul ar sieve of the MCM 22

famly"), as used herein, includes oneTaisledpre of: 30 nmol ecul ar
eves nmade fr gm-a—cermrpRHrst—degreeserystaH i re—bu-aine—hl-eek

g;lt cel I, whigh QOPPReRL| ‘ge(t‘ (L-WR“ el ot { onold fﬁ'ﬁ\‘z £

cell is a spatilal olvent &r’?gn Folvent” I-Erdr‘i')gfl

patija arrangemn atmcug\pl ti abtldn

t hr ee- di nensi Orr%'utadtcri’éu >p§0,§5.we:;u Bas hegsrystal gty UCE UT® e, S
crystal struct are discussed fe "Atlas of | Zeolite Franmewor

Types", Fifth e@ﬁtat‘-e@ﬁ?neszmlo 5%e e=nt°t°r-'te4’ cnt0kt% of VH9-EHR |5 0-05%
i ncor por at ed asgELELETENce]; EA 4VEEosBa¢ 12508%a OTEwnY

3
y

7oy

second degree Building blpek: beipg—a2-di-yepst-onal_—tiHngat ch
MAWV f r amewor k %ﬂtﬁ?‘bﬁy unj t lclét%l S flg'?%nc UUW‘ho m)g'r‘méf ong zt%’l t[j
cel | thickness/]Iptadner abl iy cme%c unittsse’.ell tuqtisekmnssps%fml ecu]-m»

si eves nade fr dr-commor—sees deyreps bty ot pT HETTU g ¥ET$
of one or nore %bélﬁan%ne upi t“gé'll #t hlscsk/une "5% b ;@%Sh vgr Wlo of
more than one (ketueed | t hi ckiéss|i sO-hade fr@rﬂr%st hck DR, pjacl@‘%/g, DI

bi ndi ng at kgast—two monolayers o _one uni t CelT thi CKNness.” The

st acki ng of such second degree buil ding bl ocks can be in a regular
fashi on, an ir B0l ar @themreBnery anixed Hostrermaniugh as Hosapbtaipehby faalytn

t hereof; and f wi

2- di mensi onal OrMﬁE%@g@éfl&ﬁdg%ﬁ?ﬂﬁggﬁ% nai?fbéﬁ%%:?%a%l??gff@@ﬁgi}ﬂ nag
he MAW f r amewspRepesia: ogy. [ 0039] The al kyl ati on catal yst can include
‘he nol ecular sieve in u or _ .54 - bound formor,

al ternatively, the nolec gg,em eve Og_g_a,pt e conbined in a conventional

manner with an oxi de bing adle&gch -3S @k4m na, such that the final 20
al I cyl ation catal yst congglhs) bet vvg%w@, and 80 wt % sieve. [0040]In
one enbodi nent, the cat ahytg,te_zl S unl@@y@@(@nd has a crush strength nuch
superior to that of cat ajsytsutese f Or nul2at@g W th binders. Such a

cat al yst is2gonveni ent | yIspb@r ed -by4swtyapor phase crystallization
process, in particul ar aNwapar phaseSesystallization process that
prevents caustic used in the synt hesis 25 mxture fromrenmaining in

the zeolite cr h t.al i on._o0 [ The
all cyl ation pr%@LﬁL S cgnc? Pgd cm %/'fstt%'{le({%e gtteg%ﬁr%ggléég?%’%? aJ
i.e., the al kylsacthedslnmtlmnoha:tlpwemktbmmvde apdaﬂmvatmybmlmgcmmmnmpnar e
brought into contact with an alkylation catalyst in a suitable

reacti on zone such as, for exanple, in a flowreactor containing a
fixed bed of the catalyst conposition or in a catalytic distillation



10 agent is fromabout 1 to about 50, for exanple fromabout 2 to
about 10. [0042] The reactants can be in either the vapor phase or
partially or conpletely in the liquid phase and can be neat, i.e.,
free from i ntworWesEB6ladm xture or dilution with ot her nRERER28(7/001369

t hey can be brought into contact with the zeolite catal yst
conposition with the aid of carrier_gaseg or diluents such as, 15 for
exanpl e, hydrogen or nitrogen. [0043]Using the catal yst and

al kyl ati on tenperature described above, it is found that the

al kyl ation step of the prmegdeneof tba witention is highly selective
to sec-butyl benzene. |In pRAbpaneul ar ;- 0i0t5 wi% f ound that the

sec- butyl benzene producedButadierl | y-0Aamt® ns | ess than 0.5 wt % of

i sobutyl benzene or tert - bBityiebenzen#0-¢¥ert520 usi ng a m xed but ene
feed such as Raffinate-2.Bikbnes2 i S VE0-BS atdgant ageous, because

oxi dation of sec-butyl berigshutents afba0we®m by the presence of

i sobutyl benzene and tert -Rut gbidenaselo wdsi gni ficant reduction in the
secbut yl benzene oxidation rate occurring when these inpurities exceed

0.7 mt % of the sec-butyl benzene feed. 2 0044] Al,t hou t he

al kyl ation st ep?qogzﬁi gHYRy OZE O ARy, WB‘“FB\‘RE?’B?Q%V&(Q‘ hﬂﬁ’i"f’%ﬁ%‘h?@ﬁ%{eg’ &\
ef }‘ I uFEt | fr ogu t lh@:dah ki piob&xs ofﬂﬁcx‘g{f@ﬂow o amltalmbnmemnmhm arxbbiitanes,
pol yal kyl ated ol i goneri zati ogn_products, as we as_ unreacted ,aronmatic
feed and the deél!eF‘éB“’FFB‘??Bémwlgt"@ﬁag’p@(‘}?p@g‘?msfﬁ%"hu?ﬁ ‘é‘?ﬁ'ﬁ@& aé'go%%%?eéw’
eed i s nornmal | whidhGay Bé detbyoudits ihi Ipkatds @ tha itk eniiany Hog éxdniplé, hike normal
atlcyl ation reacy 8{a@oThe ottpms

from 30 the benze distillati.on are
further distill atyiedorsgrdngh 8 hﬁ?h'ﬂfﬁ?%wtgtlécﬂzﬁf‘teo‘aﬁ{g%f’?y which, &
po: ya: ty: at eg pbﬂgwﬁﬂ? safed, Rishehn hwh tbﬁiﬁ;hdllﬁb_ﬁqdédﬂgxiﬂit_ichh&pﬂmumpriﬁrf
pol yal kyl at ed product resent in the al kylati reaction,e ent
it may be -2- iy F@Bﬁ@"‘% Stepr &?Fé%|‘%§ﬁ“§fepff‘f‘?@8@owaﬂ%§ﬁ°§f’eﬁ bﬁﬁcgﬁ@t s
with ?Ed: ti Ogal ARV AR 'Bsgbﬁf&i@i fenite: Tu}( hllaorpmdxpkt iisﬁbutgge Ehﬂbdeﬁg&ed by
nonoal kyl at ed speci es. . 45] Tr ansal. ation, w addj ti enzene
is typically ef fdetizg qJﬂC‘%%"F%‘hHEa{?ﬁfi}?‘ﬁt"‘i‘%nm}ﬁ&%ﬂ?ﬁ ) ,P'%‘@‘B%m&f F’E?ﬁf’i‘she
al kyl ati on reacbh@hdiestVah ba rémtive@by extbctidnasiSélbdiiyt Aydrogenawdnab patene-such
as a nol ecul ar sjeve of the zeolite beta, NUVPG&*(S e

MCM 22 fam |y,
U S. Patent No. [4§38h4, dn g3ddition,tg ¢ othey Qﬁé"’?ﬁyﬂi‘erﬁ’?‘@?ﬂ b TR e¥fes
of the MCM 2id f apdrbdartionC migRrdyCipRally desatin Dakkri fmpubriSies Pahielt cid be

4,954, 325), P511-3 (described, in, U S. Patent No. 4,439, 409) SZ7-25
(described in udegnmeaiak g tlﬁogkﬂ,ﬂ%}?r@%"?i', eb!éﬁ@‘im’(l&eé%fl?rge@“ fhﬁ‘ﬁocarbon
Eur opean Pat ent sgfdmi¥Qypichd9I8aidin, nitedgeh ind sl@RE irhfeies, whdreds PahgdrbeaNenn
6,077, 498), UNC%Z (sd sc¢rihed in I nternational Patent g’ubl [cation 2{0
W097117290) , ogg (°§5'§E’Fli R YEFRALY conVeBsipn, RRoCGISes Bpisal ,%’?‘f?’} U
(described in UptygeRadsaint wiber. Thids3 pride/tb Xhe diklatih sfeftheseinhieahrdsimdy. dfo
atent No. 5,362, 697%?,F UzZM 8 descr'hb(?lglJ in US. . Patent No. d
6, 756, 030), 28nd RTINSO PLFrore of ST Iemaypl PItOgF, oY AL TR Y PR

typical ly condugdn@ftalisladdifidn toemgddidie rbhéval kidlitbbhigisasmored ReniovalSef
whi ch suitably include a te%erature of. 100 to 300C, %Fgfrxg sure of
v £

1000 to 7000 kPsblfup WEOgM: RYEFIF dpREbies df semvepeq YhPhg o573
total feed, and.gnfigapand Rakticairtmital @ekr hAdie) Aistahit al@iptonalsing
to 10. 20 Sec-Butyl Benzene dS)(I dation [0046]In, order to ,ccipvert tq)e
sec- but yI benzenBofeRplar sitven ar/orieehiznsserasstioty Watr dtalso typjgally removed by
sec- but yl bemggenggsbsptibii tially oxidized to the correspondi ng

hydr oper oxi de. This is conplish i, ntroducj ng an )
oxygen- cont ai ni f{3¥as, Ag‘gﬁ?ghd?t BF‘? Plaq%ﬁ%@y@ﬁﬁliea?lﬁlﬁ{j’g

d by i

erreflit és 2sq pas§)
t]tle sec; blut y|t bgm%?egpﬁ,.thJ Eﬁﬁylﬁﬁ@pitémtﬁ%ﬂw&ﬁifoba &mﬁfwﬂmtdq dlm%ith@_agaa,edsce
or a catalys .S stLow (O order or < our a SI .
(698.5 1cPag) pgﬁﬁ%‘tﬁdé}"?v% %#Gvgﬁ%mﬂgi agertuch aRtpRYlener sg el B alkgation
achi eved by per §gp piofGcees AeniRitirélaf dudent Bnd Si-tRfyfearsme. The fesGRint n)igive



Sui t abl e het erogeneous catal ysts are described in U S. Patent No.
5,183,945, wherein the catalyst is an oxo (hydroxo) bridged
tetranucl ear manganese conplex -13- and in U S. Patent No.
5,922,920, wWW9p710983%¢ cat al yst conprises an oxo (hydr oRxgI/EFzGTeM2d9
tetranucl ear nmetal conplex having a m xed netal core, one netal of
the core being a divalent metal selectedgfromzn, Cu, Fe, Co, Ni, M
and m xtures thereof and another netal béing a trivalent netal
selected fromln, Fe, 5 M, Ga, Al and m xtures thereof. The entire
di ?cl osur es( of @i tﬁiﬂbs.prmtse?ltt&oagle?iiﬂﬂmh]@ﬂaﬂ@dagtelteigrakb?abmixmre of
reference. (0047)Q her ' e cat ts . the sec-butyl.benzene
oxi dation step @“?WE&%E{;WB’ Pgﬂ%ztpfﬁfﬁ%g&wg?(?ﬁl?ecm?]ﬂ{ %gg Sracelbne
descri bed ig Ewblphahﬁﬁi M:E-toﬁ&tcﬁmﬁc&ﬂﬁhdGﬁiipﬁ&ldN(ApraﬂlQﬁbﬁO83527 and
i ncor porat e ereln by reference, such_as NL .

hydr oxypht hal i niofl4- aﬁi"i‘l"ﬁwt&&b%i‘ifﬂhfﬁltPn‘gEIé‘,“@'-]aé'ﬁf‘n%@pl\l-‘)f the present
hydr oxypht haki nin@&utibecbbing 1aas MahNdo®¥phdubbi Redthah 800 | Qir @xinple
hydr oxypht hal i ni de, N- hydr oxyhet i mi de, N hydr ox Pi mm.de, N- |

hydr oxyt ri mel | i??srﬁlﬂb}%ﬂ’%r‘t%?béﬂfgﬁﬂgﬁ,ﬂﬁ tat W&P&ﬁ‘ﬁb’ﬁf”&f@‘m,‘%ﬁmm
di hydr oxy( pyr ongjol gphd, Gl 4% 1643 Jtha, I Tppeh, Horchxemyle Des aRR e eulfurdind desd ' -
15 tetracarboxylic diimde), N hydroxyrr%:rei mpgegl’ .

pyri di ne- 2, 3- di B HsRmqstet asigss G128 1 \Pelie (F Rrampirelessiban 4t B (Hpaey i ¢
i mde), N hydropgpse- nOTﬁH)Hlkgﬁti&x Batalgét GAEP AXithd pl@sent process is a crystalline

ey o oAl Celeeias v Puiiod o al Gishas s paterm ThcTading 4 sPhciy maxima
N- g_ydr oxyl- tci s- %Kzgm:@ssea@i%é ﬁbdjsw.@ﬁ?grﬁ} gtﬁummgdfg@q%ﬂapmhamr@ fje
sodl um sa or N-nNydroxy-o- enzenedil su onli e. ese nalerl S
can be used ei tHEFCUILAR2 gised fp EhpEACiTIAE éti?c’@gtﬁ?‘g]a& ra’é’e"l?taalﬂ?‘ﬁﬁl’ Standard

initiator and cggmkRed's8fs @k Kiafihh GoaSEr coppirng eRe fidtlehiofadiaiod Snds
can be supported on a solid carrjer to [tl)r,ow de a het er ogeneous

catal yst. [004giifiiEriomstes egeiRpRd; Wiih@ seigfiflatign cownterand, asppcipled, computer as
oxi dation syep tmoedilecifortsysiemt enper at ure bet ween about 70C and about
200C, such as about 90C to about 130C, and a pressure of about 0.5 to
about 10 at nospf8¥ds (Mpterials Favps ke, fbova ALY @ffﬁ"t‘ﬁ‘?‘b#’f’?@“ e tAMMEYS e
added to react pfehbd a6 iadirRolBn1dRRAEE b tHeMICMBY fhiilynaddl indhgiel MEM-22

oxidation. In additjon, an aqueous phase e | ntroduc i ch can
hel p di ssol ve Hﬂﬁﬂb%%g%aéﬁe“%ﬂ%h‘ﬁ%%%gﬁ%/ﬁﬂ%z@"ﬁ én %C;ﬂeg%g? ass
30 conversi on i4439h@oN ssgtatsi @escSbedRn USS. ParhiN]296 66Dt ERBI1qUesbAbé it O
mninize the formati on of byproducts. The oxjdation reactjon i

conveni ent | $0cofereae Fatent NO.C03032. 1TQ4l esaribed ingH-SuRptentaiNg 6472499,

sec-butyl benze n j : : ) . MCM-36
g0071093361PG5€%g£7%8%%g‘9ﬂ%i i gﬁég“ﬁgﬁlﬁcf%ego oy I g or
‘he unreacted ddeschibrdyindbfizRatent Ploi 5,250,257 7),MCM-¢h(rgesaibed wJ.S. Patent No.
Hydr oper oxi de \, C f] i 8|
The ooc- but yi besrof AL Ged h O23. PSRN 8 P8 RO DYRLE (Rt
cl eavage of t hend&8- Patent|Noe iz H30)y dnd pxteres thsreofvh Pedferply.chavegiecalr | y

ef fected by,cont j ?Rﬂgz [ Wi | €19 and
l'iquid phasc%ga{1S Eeggﬁge%pgg%g SE%(Q% a 'g%t( m ?)6 %bdg(gi ig‘f%%%,&g&u% 3s=,m
about 40C to abdGM-I@B@Gh a8 [fRessure of about 50 to about 2500 kPa,

such as about 0Ot tec : e bl Ui PRERL

velocity (LHS\/)llggjaBied ’%’ﬁa{aﬁﬁ %@9?&5@%&?3@“%}2‘% gu?nawr b&y)ﬂgbout %200

hr1, preferabl yamiigler ‘todecalapsitves tigd MCWh22 Soulyl)uasispd hereingincludes one

hydr oper oxi de io§_ g(f)terably diluted in an organic solvent inert to

t he cl eavage reactlon, such as nethyl ethyl ketone, phenol or

secbut yl ben2@ne, +onadgubr sieveshmade fremua edmmdih Erst [degres goysteliae thudding s

conveni ent | y 15 conycl el 0 84l fasBelsiyr s oiioboiokPRAKT e
e C p e a g S Ta

catal yst enployed in't edvage step can honogeneo al yst
cell is a spatial arrangement of atoms which if tiled in three-dimensional




20 Ferric chloride, boron trifluoride, sulfur dioxide and sulfur
trioxide are also effective honbgeneous cl eavage catal ysts. The
preferred honbgeneous cl eavage catalyst is sulfuric acid [0052] A

sui t abl e het ewogerT®diss1 cat al yst for use in the cl eavage @CTERI7/001209
but yl benzene hydroperoxi de includes a snmectite clay, such as an
acidic 25 nontnorillonite silica-alumna_glay, as described in U S
Patent No. 4,870,217, the entire disclosure of which is incorporated
herein by reference. [0053] The foll owi ng Exanpl es are given for
illustrative purposespaadedeabesche biyaal stﬁxhﬁm@@q&ﬂcrgdtaltshﬂcthmymtdimnssed

-15- Exanple 1 (Conparati, - Butyl benz ) B@ F/CM
at 160C [00541A 0.5 @vﬁm éﬁ%&?ﬂgﬁ%ﬁﬂwﬁgﬂmﬁ% 5‘?‘1“ ?Oﬁ?n mHe
5 quadrul obe ext r udatenteit o Ghih MM oHIra0das\eteronte)200 al um na bi nder,
cut to 1.3 mm[1/201 | engt h) was used for the al kyl ati on of benzene

o1 S- but one. 41, 20 Tr ABHIL HEV: e @i ® PaRbof GERERIdsbaR vupidnd oy

n- but ane and . 2% ot beinga Zilailaensamal t;lmg oﬁmhm ﬁetnawdrh tth@ytumt Sellsc

and | oaded into an isothermal ., down.f

reactor having an ou?%rm&i‘ég el SM?WF 05?" "I%ce&‘ﬁ"f@ei%ﬂe%rﬁi%"E tf‘g{nyg?ll
was dried at 150C anthidknagsm wi th 100 cc/mn flow ng nitrogen for 2
hours. The nitrogen was turned off and benzene was fed to the reactor

at, 60 co/hr until LNGigae! leuddl F3RH @@@éﬁ?@%ﬁc&%&g& 5@&{%@% s,

a). Benzene flow was en reduce
m xed butene feed wabein layetsof durcerdndre grnane yrif cﬁgl;hhplsmps aﬁthclz:llsme layer

cc/hr. The 1 eact Of t GERELAK GG Al YlEts'i w0 fom G8dling, packing or

benzene/ but ene nol ar was mal nt al ne
Li qui d product was cbinﬂmtaeuaatmtammlewrsr@fmnanmt aﬂhtﬂlscmsciﬂhfcstapheg of

But ene conversi on wa e ) t eney.:
relative to feed but glﬁ:g. gc%l{ea %@éu%f?%&yﬁgﬁﬁgrgge@g%/rsﬂg}%w%.an
VHSV of butene with heeobefashion enaidom, fashiahagr aay combBinyfe@vhexeafhar@- 83%

conversion, and 3 days at 3.2 WHSV with 95% conversion. Relative

activity of MM 49 bARRLuIRA siblds Shadf 9@%9‘1‘&%@&? o FYRIS 2 im¥Bondl dr 3-
Representative data are shown in Tab

2007/ 093361 P/ EP200%pnsiowd combimtien of nnit cshs patins pm MEWSY framework
Production with NCM Eg M xed But ene Feed at 160C Days on Stream
But ene WHSV, |f' 2 9.6 5.3 3.2 2-Butene Cony, %96.1 83.0

95.5 Isobutene Cor;gl (yT% aﬁcy Zmr% ca?tglyst can En%?uldeerh% ncl:(())lgéiﬂar%e%g 9n l(l)nbound or
self-bound form or, alternatively, the molecular sieve can be combined in a
C conventional manner with an oxide binder, such as alumina, such that the final
20 alkylation catalyst contains between 2 and 80 wt% sieve.
[0040] In one embodiment, the catalyst is unbound and has a crush strength
much superior to that of catalysts formulated with binders. Such a catalyst is
conveniently prepared by a vapor phase crystallization process, in particular a
vapor phase crystallization process that prevents caustic used in the synthesis
25 mixture from remaining in the zeolite crystals as vapor phase crystallization
occurs.
[0041] The alkylation process is conducted such that the organic reactants,
1.e., the alkylatable aromatic compound and the alkylating agent, are brought into

contact with an alkylation catalyst in a suitable reaction zone such as, for example,
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in a flow reactor containing a fixed bed of the catalyst composition or in a
catalytic distillation reactor, under effective alkylation conditions, Most
importantly, the alkylation conditions include a temperature of from about 110°C
to about 150°C, for example about 120°C to about 140°C, such as about 125°C to
about 135°C, typically about 130°C. In addition, the alkylation conditions
generally include 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,
alkylating agent of between about 0.1 and about SO hr', for example between
about 1 and about 10 hr'. Typically, the molar ratio of benzene to alkylating
agent is from about 1 to about 50, for example from about 2 to about 10.

[0042] The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, i.e, free from intentional
admixture or dilution with other material, or they can be brought into contact with
the zeolite catalyst composition with the aid of carrier.gases or diluents such as,
for example, hydrogen or nitrogen.

[0043}) Using the catalyst and alkylation temperature described above, it is
found that the alkylation step of the process of the invention is highly selective to
sec-butylbenzene. In particular, it is found that the sec-butylbenzene produced
normally contains less than 0.5 wi% of isobutylbenzene or tert-butylbenzene even
using a mixed butene feed such as Raffinate-2, This is very advantageous,
because oxidation of sec-butylbenzene is affected by the presence of iso-
butylbenzene and tert-butylbenzene, a significant reduction in the sec-
butylbenzene oxidation rate occurring when these impurities exceed 0.7 wi% of
the sec-butylbenzene feed.

[0044] Although the alkylation step is highly selective towards sec-
butylbenzene, the effluent from the alkylation reaction will normally contain some
polyalkylated oligomerization products, as well as unreacted aromatic feed and
the desired monoalkylated species. The unreacted aromatic feed is normally
recovered by distillation and recycled to the alkylation reactor. The bottoms from
the benzene distillation are further distilled to separate monoalkylated product
from any polyalkylated products and other heavies. Depending on the amount of

polyalkylated products present in the alkylation reaction effluent, it may be
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desirable to transalkylate the polyalkylated products with additional benzene to
maximize the production of the desired monoalkylated species.

[0045] Transalkylation with additional benzene is typically effected in a
transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as a molecular sieve of the MCM-22 family, zeolite
beta, MCM-68 (see U.S. Patent No. 6,014,018), zeolite Y and mordenite.
Molecular sieves of the MCM-22 family include MCM-22 (described in U.S.
Patent No. 4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25
(described in U.S. Patent No, 4,826,667), ERB-1 (described in European Patent
No. 0293032), ITQ-1 (described in U.S.Patent No 6,077,498), ITQ-2 (described
in International Patent Publication No. WOQ97/17290), MCM-36 (described in
U.S. Patent No. 5,250,277), MCM-49 (described in U.S. Patent No. 5,236,575),
MCM-56 (described in U.S. Patent No, 5,362,697), UZM-8 (described in U.S,
Patent No. 6,756,030), and mixtures thereof. The transalkylation reaction is
typically conducted under at least partial liquid phase conditions, which suitably
include a temperature of 100 to 300°C, a pressure of 1000 to 7000 kPa, a weight
hourly space velocity of 1 to 50 hr! on total feed, and a benzene/polyalkylated

benzene weight ratio of 1 to 10.

Sec-Butyl Benzene Oxidation

[0046)  In order to convert the sec-butylbenzene into phenol and methyl ethyl
ketone, the sec-butylbenzene is initially oxidized to the corresponding
hydroperoxide. This is accomplished by introducing an oxygen-containing gas,
such as air, into a liquid phase containing the sec-butylbenzene. The reaction can
be performed in the absence of a catalyst but is slow (of the order of <1%/hour at
100 psig (698.5 kPag) pressure). Improvement in the reaction rate can be
achieved by performing the oxidation in the presence of a catalyst, such as a
water-soluble chelate compound in which multidentate ligands are ¢oordinated to
at least one metal from cobalt, nickel, manganese, copper, and iron. (See U.S.
Patent No. 4,013,725). More preferably, a heterogeneous catalyst is used.
Suitable heterogeneous catalysts are described in U.S. Patent No. 5,183,945,

wherein the catalyst is an oxo (hydroxo) bridged tetranuclear manganese complex
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incorporated herein by reference.
[0047] Other suitable catalysts for the sec-butylbenzene oxidation step are the
N-hydroxy substituted cyclic imides described in Published U.S. Patent
_ Application No. 2003/0083527 and incorporated herein by reference, such as N-
C 10 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'-
15 tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbomene-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-
26 benzenedisulphonimide. These materials can be used either alone or in the
presence of a free radical initiator and can be used as liquid-phase, homogeneous
C— catalysts or can be supported on a solid camier to provide a heterogeneous

catalyst.

[0048]  Suitable conditions for the sec-butylbenzene oxidation step include a
25 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 10 atmospheres (50 to 1000 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
30 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
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be concentrated by distilling off the unreacted sec-butylbenzene prior to the

cleavage step.

Hydroperoxide Cleavage
5 [0049) The final step in the conversion of the sec-butylbenzene into phenol
and methyl ethyl ketone involves cleavage of the sec-butylbenzene hydroperoxide,
which is conveniently effected by contacting the hydroperoxide with a catalyst in
the liquid phase at a temperature of about 20°C to about 150°C, such as about
_ 40°C to about 120°C, a pressure of about 50 to about 2500 kPa, such as about 100
(-- 10 to about 1000 kPa and a liquid hourly space velocity (LHSV) based on the
hydroperoxide of about 0.1 to about 100 hr', preferably about 1 to about 50 hr.
The sec-butylbenzene hydroperoxide is preferably diluted in an organic solvent
inert to the cleavage reaction, such as methyl ethyl ketone, phenol or sec-
butylbenzene, to assist in heat removal. The cleavage reaction is conveniently
15 conducted in a catalytic distillation unit.
[0050] The catalyst employed in the cleavage step can be a homogeneous
catalyst or a heterogeneous catalyst. ‘
[0051) Suitable homogeneous cleavage catalysts include sulfuric acid,
perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.
20 Fermric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also
effective homogeneous cleavage catalysts. The preferred homogeneous cleavage
L catalyst is sulfuric acid
[0052] A suitable heterogeneous catalyst for use in the cleavage of sec-
butylbenzene hydroperoxide includes a smectite clay, such as an acidic
25 montmorillonite silica-alumina clay, as described in U.S. Patent No. 4,870,217,
the entire disclosure of which is incorporated herein by reference.
[0053] The following Examples are given for illustrative purposes and do not

limit the scope of the invention.
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Example 1 {Comparative)
Sec-Butylbenzene synthesis using MCM-49 at 160°C

fo054] A 0.5 gram sample of an MCM-49 catalyst (1.3 mm [1/20"]
quadrulobe extrudate of 60 % MCM-49/40% Versal 200 alumina binder, cut to
1.3 mm [1/20"] length) was used for the alkylation of benzene with a mixed
butene feed having the following composition: 53.4% cis-butene, 41.2% trans-
butene, 4.6% isobutene, 0.5% butadiene, 0.1% n-butane and 0.2% others. The
catalyst was diluted with sand to 3 cc and loaded into an isothermal, down-flow,
fixed-bed, tubular reactor having an ontside diameter of 4.76 mm (3/16”). The
catalyst was dried at 150°C and 1 atm with 100 cc/min flowing nitrogen for 2
hours. The nitrogen was turned off and benzene was fed to the reactor at 60 cc/hr
until the reactor pressure increased to 300 psig (2170 kPa). Benzene flow was
then reduced to 7.63 cc/hr {(6.67 WHSV) and the mixed butene feed was
introduced from a syringe pump at 2.57 cc/hr.  The reactor temperature was
adjusted to 160°C. Feed benzene/butene molar ratio was maintained at 3:1 for.the
entire mn.  Liquid product was collected in a cold-trap and analyzed off line.
Butene conversion was determined by measuring unreacted butene relative to feed
butene. The MCM-49 was on stream for 3 days at 3.2 WHSV of butene with
96% conversion, 1 day at 9.6 WHSV with 80-83% conversion, and 3 days at 3.2
WHSYV with 95% conversion. Relative activity of MCM-49 based on first-order

butene conversion was 1.1. Representative data are shown in Table 1.
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Tabl e 3. Conparison of MCM 49 Perfornmance with M xed Butene Feed at
Different Tenper at 4y 65 oJ Siges at ure 160C 160C2I30C 130@.2Days orp.3tream
2.3 5.3 4.8 6.8 Butiiigie\WiRy, W 3.2 3.2 0.8 B8 2-Butgge Cony,30

2-Butene Conv, % 96.1 83.0 95.5
Isobutene Conv, % 97.7 67.2 92.8
Butadiene Conv, % 100.0 100.0 100.0
Product Selectivity, wi%
i-Ca 0.041 0.032 0.028
Cs-C; 0.527 0.503 0.583
C; and C); (butene oligomers) 7.688 9.732 8.185
C Cumene 0.128 0.144 0.127
- t-Butylbenzene 1.849 0.849 1.240
iso-Butylbenzene* 0.000 0.008 0.012
sec-Butylbenzene 82.977 84.284 84,720
n-Butylbenzene 0.062 0.059 0.068
Di-butylbenzene 5.431 3.878 4273
Tri-butylbenzene 1.079 0.429 0.629
Heavies 0.218 0.082 0.134
Sum 100.0 100.0 100.0
Butylbenzene Composition, %
t-Butylbenzene 2.179 0.996 1.441
iso-Butylbenzene* 0.000 0.010 0.013
sec-Butylbenzene 97.749 98.925 98.467
n-Butylbenzene 0.073 0.069 0.078
Sum 100.0 100.0 100.0
* iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.
5
C Example 2

Sec-Butylbenzene synthesis using MCM-49 at 130°C

[0055] The process of Example 1 was repeated but using a 2.0 gram sample of

the MCM-49 catalyst used in Example 1 and with the reactor temperature being
10 adjusted to 130°C and kept at 130°C for the entire run. The catalyst was on

stream for 8 days at 0.8 WHSV of butene with 94%+ 2-butene conversion, 1 day

at 2.4 WHSV with 69-72% conversion. Relative activity of MCM-49 based on

first-order butene conversion was 0.2. Representative data are shown in Table 2.
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Table 2. sec-Butylbenzene Production with MCM-49 and Mixed Butene Feed at

130°C
Days on Stream 4.8 6.8 3.3
Butene WHSV, h"! 0.8 0.8 2.4
2-Butene Conv, % 96.3 95.7 71.3
Isobutene Conv, % 949 03.8 62.9
Butadiene Conv, % 100.0 100.0 100.0
Product Selectivity, wt%
i-Cq 0.008 0.004 ' 0.004
Cs-Cy 0.311 0.289 0.311
Cs and C;; (butene oligomers) 7.328 7.313 10.574
Cumene 0.030 0.028 0.072
t-Butylbenzene 0.403 0.358 0.212
iso-Butylbenzene* 0.000 0.000 0.000
sec-Butylbenzene 89.306 89.177 86.167
n-Butylbenzene 0.044 0.043 0.054
Di-butylbenzene 2.290 2,500 2.344
Tri-butylbenzene 0.253 0.261 0.222
Heavies 0.027 0.027 0.040
Sum 100.0 100.0 100.0
Butylbenzene Composition, %
t-Butylbenzene 0.449 0.399 0.245
iso-Butylbenzene* 0.000 0.000 0.000
sec-Butylbenzene 99.502 99.553 99.692
n-Butylbenzene 0.049 0.048 0.063
Sum 100.0 100.0 100.0

* jso-Butylbenzene less than 0.5% in total butyIbenzene not detectable with GC used.

[0056] The data in Tables 1 and 2 show that the MCM-49 catalyst effectively
alkylated benzene with the mixed butene feed with improved sec-butylbenzene
selectivity when operated at 130°C, as compared with operation at 160°C. Table
3 provides a head-to-head comparison to demonstrate this improvement using data
collected at 160°C (Table 1) and data coltected at 130°C (Table 2). At
comparable 2-butene conversion of 96%, operating MCM-49 at 130°C vs. 160°C
shows clear advantages: sec-butylbenzene selectivity improved from 83-85% to

89%; whereas all by-product selectivities decreased.
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Table 3. Comparison of MCM-49 Performance with Mixed Butene Feed at

Different Temperatures

Temperature 160°C 160°C 130°C 130°C
Days on Stream 2.3 5.3 4.3 6.8
Butene WHSV, h'! 3.2 3.2 0.8 0.8
2-Butene Conv, % 96.1 95.5 96.3 95.7
Isobutene Conv, % 97.7 92.8 94.9 93.8
Butadiene Conv, % 100.0 100.0 100.0 100.0
Product Selectivity, wt%
i-Cs 0.0 0.028 0.008 0.004
Cs-Cy 0.527 0.583 0.311 0.289
s and C,; (butene oligomers) 7.688 8.186 7.328 7.313
Cumene 0.128 0.127 0.030 0.028
t-Butylbenzene 1.849 1.240 0.403 0.358
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec~-Butylbenzene 82.977 84.730 89.306 89,177
n-Butylbenzene 0.062 0.068 0.044 0.043
Di-butylbenzene 5431 4273 2.290 2,500
Tri-butylbenzene 1.079 0.629 0.253 0.261
Heavies 0.218 0.134 0.027 0.027
Sum 100.0 100.0 100.0 100.0
Butylbenzene Composition, %
t-Butylbenzene 2.179 1.441 0.449 0.399
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec-Butylbenzene 97.749 98.480 99.502 99.553
n-Butylbenzene 0.073 0.079 0.049 0.048

Sum 100.0 100.0 100.0 100.0

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

Example 3

Sec-Butylbenzene synthesis using MCM-22 at Different Temperatures

[0057] A 1.0 gram sample of an MCM-22 catalyst (1.6 mm [1/16"] diameter
cylindrical extrudate of 65 wi% MCM-22/35% alumina binder cut to 1.6 mm
[1/16"] length) was used for the alkylation of benzene with the mixed butene feed
of Example 1 and according to the process of Example 1 (reactor temperature of
160°C). The catalyst was on stream for 6 days at 1.6 WHSV of butene with 98%
2-butene conversion, 1 day at 4.8 WHSV with 80% conversion, 1 day at 7.2
WHSV with 62% conversion, and followed by 4 days again at 1.6 WHSV with
97% conversion. Representative data are shown in Table 4. Relative activity of
MCM-22 based on first-order butene conversion was 0.5.

[0058] A 2.3 gram sample of the same MCM-22 catalyst (65 % MCM-22/35%

alumina binder) was used for the alkylation of benzene with the mixed butene
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feed of Example 1 and according to the process of Example 2 (reactor temperature
of 130°C). The MCM-22 catalyst was on stream for 4 days at 0.43 WHSV of
butene with 94%+ 2-butene conversion. Relative activity of MCM-22 based on
first-order butene conversion was 0.1. Representative data are shown in Table 4,
5 from which it will be seen that the sec-butylbenzene selectivity of the MCM-22
catalyst improved (from about 83 wt% to about 84 wt%) when operated at 130°C

as compared with operation at 160°C.

Table 4. Comparison of MCM-22 Performance with Mixed Butene Feed at

Different Temperatures
10
C ’ Temperature 160°C 160°C 130°C 130°C

Days on Stream 579 9.8 1.8 2.8

Butene WHSV, b 1.6 1.6 0.43 0.43

2-Butene Conv, % 98.4 96.9 95.9 95.2

Isobutene Conv, % 96.8 93.7 99.5 98.6

Butadiene Conv, % 100.0 100.0 100.0 100.0

Product Selectivity, wi%
1-Cy 0.034 0.027 0.016 0.012
Cs-C, 0.467 0.556 0.464 0.478
Cz and C,; (butene oligomers) 7.746 7.916 8.211 8.806
Cumene 0.189 0.196 0.048 0.048
t-Butylbenzene 1.52} 1.267 0.839 0.613
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec-Butylbenzene 33.282 83.453 84228 84312
n-Butylbenzene 0.055 0.060 0.074 0.079
Di-butylbenzene 5.580 5.465 4,727 4,507
Tr-butylbenzene 0.926 0.837 0.985 0.806
Heavies 0.200 0.224 0.407 0.339

- Sum 100.0 100.0 100.0 100.0
(__ Butylbenzene Composition, %

t-Butylbenzene 1.792 1.494 0.985 0.721
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec-Butylbenzene 98.143 98.435 98.928 99.186
n-Butylbenzene 0.064 0.07 0.087 0.093
Sum 100.0 100.0 100.0 100.0

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

[0059] Based on available information, it is believed that MCM-56 and its

15 isotypes will behave like MCM-49 and give significantly improved sec-
butylbenzene selectivity when used to alkylate benzene with a C, alkylating agent
under alkylation conditions comprising a ternpcrattire of about 110°C to about
150°C.
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VWHSV, 11' 160C 5.79 1.6 160C 9.8 1.6 130CI 30C 1.82.8 0.430.43 2-Butene
Cony, % | sobutene Cony, % Butadi ene Cony, % 98.4 96.8 100.0 96.9 93.7
100.0 95.995.2 99.598.6 100.0100.0



Product Selectivity, w% i-C4 0.034 0.027 0.0160.012 C5-C7 0. 467
0. 556 0.4640.478 Cg and Cl2 (butene oligoners) 7.746 7.916 8.2118. 806
Cunene 0.189 0.196 0.0480.048 t-Butyl benzene 1.521 1.267 0.8390.613

i so- Butyl benzene* 0.000 0.000 0.0000. 008l-sec-Butyl benzene 83. 282

83. 453 84.22884. 312 n-Butyl benzene 0.055 0.060 0.0740.079

CLAIMS

1. A process for producing sec-butyl benzene, the process comprising:
contacting a feed comprising benzene and a C4 alkylating agent under alkylation
conditions comprising a temperature of about 120°C to about 140°C with a catalyst
comprising at least one molecular sieve having an X-ray diffraction pattem including
d-spacing maxima at 12.440.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom to
form sec-butylbenzene wherein said contacting is conducted under at least partial

liquid phase conditions.

2. The process of claim 1, wherein said at least one molecular sieve is selected from

MCM-22, MCM-49, MCM-56 and isotypes thereof.

3. The process of claim 1, wherein said at least one molecular sieve is selected from

MCM-49and isotypes thereof.

4. The process of claim 1, wherein said alkylation conditions comprise a temperature of

about 125°C to about 135°C.

5. The process of claim 1, wherein said alkylation conditions also include a pressure of
7000 kPa or less, and a feed weight hourly space velocity (WHSV) based on Cq4
alkylating agent of from about 0.1 to 50 hr! and a molar ratio of benzene to Cs
alkylating agent from about 1 to about 50.

6. The process of claim 1, wherein said C, alkylating comprises a linear butene.

7. The process of claim 6, wherein said linear butene comprises 1-butene and/or 2-

butene.

8. The process of claim 6, wherein said linear butene is contained in a mixed Cy4 stream.



Di - butyl benzene 5.580 5.465 4.7274.507 Tri-butyl benzene 0.926 0. 837
0. 9850. 806 Heavi es 0.200 0.224 0.4070.339 Sum 100.0 100.0 100.0100.0
But yl benzene Conposition, % t-Butyl benzene 1.792 1.494 0.9850.721
i so- But yl benzene* 0.000 0.000 0.0000. 0682-sec- But yl benzene 98. 143

98. 435 98. 92899. 186 n-Butyl benzene 0.064 0.071 0.0870.093

9. The process of claim 8, wherein said mixed C,4 stream is derived from a steam-
cracked crude Cy4 stream comprising the following major components:

30 to 85 wt % butadiene
0 to 15 wt % C4 acetylenics
1 to 30 wt % butene-1
1 to 15 wt % butene-2
0 to 30 wt % isobutene
0 to 10 wt % normal-butane
0to 1 wt % iso-butane.

10. The process of claim 8, wherein said mixed C4 stream is derived from a raffinate
stream obtained by subjecting a steam-cracked crude C, stream to a solvent extraction
process to remove butadiene, wherein said raffinate stream comprises the following

major components:

0 to 2 wt % butadiene
( to 0.5 wt % C4 acetylenics
20 to 50 wt % butene-1
10 to 30 wt % butene-2
0 to 55 wt % isobutene
0 to 55 wt % normal-butane
0to 1 wt % iso-butane.

11. The process of claim 8, wherein said mixed C4 stream is derived from a raffinate
stream obtained by subjecting a steam-cracked crude C, stream to reaction with
methanol to remove isobutene, wherein said raffinate stream comprises the following
major components:

0to 2wt % butadiene

0 to 0.5 wt % C4 acetylenics
50 to 95 wt % butene-1

0 to 20 wt % butene-2

0 to 35 wt % isobutene

0 to 10 wt % normal-butane

0to 1wt % iso-butane.

12. The process of claim §, wherein said mixed C4 stream is derived from a raffinate
stream obtained by subjecting a steam-cracked crude Cy4 stream to a solvent extraction
process to remove butadiene and to a iso-butene removal process, wherein said
raffinate stream comprises the following major components:

0to 1 wt % butadiene



Sum 100. 0 100.0 100.0100.0 * iso-Butylbenzene |less than 0.5%in
total butyl benzene not detectable with GC used. [0059] Based on
available information, it is believed that MCM56 and its 15 isotypes
wi || behave |ike MCM 49 and give signif£%antly inproved

secbut yl benzene selectivity when used to al kyl ate benzene with a C4
al kyl ati ng agent under al kylation conditions conprising a tenperature
of about 110C o -20- [0060] Wil e the present invention
has been descrpq% ?ﬁ%ﬁ%ﬁ%ﬁf lglﬁg% by reference to particul ar

enbodi nent s, L%g el oV ﬁ’rboﬁ ry skill in the art will appreciate that
the invention Wo oJUtele yari ations not necessarily illustrated
herein. For thVdore¥&gMISOPRERC ref erence shoul d be nade solely to the
appended 5 cl alh® 5 3ft “oippedlddtade deternining the true scope of the
present invent O0de. 2 wtdbisoehuianes 1. A process for produci ng sec-butyl
benzene, the process conprising: contacting a feed conprising benzene

and a &4 al ting agent .under al kyl ation c itions c rysing a
Fompor at ur el DSBS S0 Sruhercih i e 05 ciedhyis B, HoB a gatgnate
| east one nol ggedmlobBdifAEDY BivhiB&: XrehYerstked rcadel O stiétint €5 B hydrogenation
i ncl udi ng d-spacing maxi ma at "12. 4+0. 25, 6.9+0.15, 3.57+0.07 and ~
3. 42+0. 07 AngPracssa to remeys dutadinge yandetez enigo-hiiene iremesdtldposensasthiersin said
s conducted YRARE: AL EISKRALLEE orlol Al HaRRRSGoGRARL LT ONS. 2. The
process of claiml1, ererntsaird a ea e “Hor ecurar sieve is

sel ected from MEM Rt ABMadRne MCM 56 and i sotypes thereof. 3. The
process of clapm b.5 WhBrE4 iccbibslcat | east one nol ecul ar sieve is

sel ected fromi 69304, hgwehapes thereof. 4. The process of claiml,
wherein said a | 58 98, i bions conprise a tenperature of about

125C to about (?C.Sét%gq Supicess of claim1, wherein said
i |

al kyl ati on con i%l de a pressure of 7000 kl3a or |ess,

i (gs @)so
and a feed wei gt E“‘g@ ?n YWeFoci ty (WHSV) based on C4 al kyl ating
agent of from 28%ut V8.2 15" Hhr |

and a nolar ratio of benzene to C4
al kylating agent fromabout 1 to about 50. 6. The process of claim 1,
wherei n saifh %egﬁ&s@sa@bf E@ilﬁqf,f%ig?e‘?é e $dcRBIbARES Sroddced '16mRhO €& Scting
of claim®6, wherein said |1 near butene conprises 1-butene and/or 2-
but ene. 8. Thetepr{erssexidized bt erBperatuey ef abshi70 thiabewulr 2@ ped iapressure of

wher ol n-sai d Apscrtc BoRlfiERPada R pisyneg e B S Bafrety siheBhlie stc spide
stream conpri ghig bhdl€ bhFbAimMAdat FireducAARpRickide30 to 85 W %

butadiene 0 to 15 wt % C4 acetylenics Ito’30°w % butene-1 Ito 15 wt
% butene-2 0 to 30 wt % i sobutene 0 to 10 wt % nornmal -butane 0 to 1

Stream s by igsaesne By P e Syl sfhathy iR ByRAlipl by Smprces
st eam cr acked tigr fotlewisd: 1ahjoLadthbénedtsSol vent extraction process to

remove butadi ene, wherein said raffinate streamconprises the
fol | owi ng maj or coRpeRydsRes: - 0-2wt%

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%.

16. The process of claim 8, wherein said mixed C, stream is derived from a C4 fraction

obtained from an oxygenate to olefin conversion process.



Oto2w %butadiene 0 to 0.5 w % C4 acetylenics 20 to 50 wt %
butene-1 10 to 30 Wt % butene-2 0 to 55 wt % i sobutene 0O to 55 wt %
normal -butane 0 to 1 w % i so-butane. 11. The process of claimS8,
wherein said mxed C4 streamis derived24roma raffinate stream

obt ai ned by subjecting a steamcracked crude C4 streamto reaction
wi th nmethanol to renove isobutene, wherein said raffinate stream

conprises t I i Js 0 n b

0.5 w56 o BB EuR] 1BCTRPRET I Gkt tordisg %8 BBurils bor
O to 35 w %icenlpuhene O to 10 wt % normal -butane 0 to 1 wt %

i so-butane. 12. The proocess of claim8, wherein said m xed C4 stream
is derived froft@& faVt7aiipPeylsis eam obt ai ned by subjecting a

steam cracked Ortad@5CHtSpAMS 0 a sol vent extraction process to

renove but adi efdo ahdwt ¥ tutadienebut ene renoval process, wherein said
raffi nate stré@rocédmti%sbstentrd fol |l owm ng maj or conponents: 0 to 1 wt

% but adi ene -3Bto B5 twd %Wbhtens-2% C4 acetylenics 25 to 75 w % butene-1
15 to 40 wt % bus en@w? %PisoButenat % i sobutene 0 to 55 vt %

nor mal - but ane @ t§ 01& w4 Mo iSN aRWIsBB&@ancl 3. The process of claim 8,
wherein said nmxed Cht streamis derived froma raffinate stream

obt ai ned by subjecting a steamcracked crude at streamto a
hydr ogenat i th Apprcessior pradenpgectbutytibemeng e pocessi conpisingrentaeting afeed

process, wherein said.raffinate stream co rls e f.ollo na
onponent o 0 CPEPRSTE Dofsie A & LD IR EPBgnt ey ek gtigh oFudifichs SHhrigine
95 wt % but eng-tdmBeratird 0f Woot0100¢E BE abo? lﬂ@’@wﬁh a%eitsﬂ?@lébﬁﬁ}ﬁsﬁgtaﬂleﬁ& one
w % normal -butane 0 to 2 wt % i so-butane. 14. The process of claim

1, wherein thedesday gigyenlaying an prmyudibitactipn mattera inekdie: d-aepcingemaxiga at
I's oxidized atlZQLfbb?gp%rﬁtO%e 3@7&@8’9?2{9&@3#&%@'}) %nt st & tﬁng sec-butylbenzene

pressure of abou to about 1 e pr LAt

N- hydr oxy subsihetdit %d1d0y@itﬁm1ngmk denanded abiguid phiké edhdigoagent wherein said
produce a hydroperoxi de. 15. The qdegr ocess_of claim 14, wherein said
refinery m xeamrsfeﬂ Qméﬁrﬁ"ﬂ’fléﬁée%‘t’ PR IAS Rl Streae obBince hebiRsfipg @ steam-

conponent s: %Qﬁéc&) d t ene 5%%%.5 sgg/@l[&ee&'tragncﬁi WodksBYS 2dh&REmtadtem A% a

But ene-1 -
iso-butene removal process.

19. The process of claim 8, wherein said mixed C4 stream is subjected to at least one of
sulfur removal, nitrogen removal, oxygenate removal, butadiene removal and

isobutene removal prior to the contacting.

20. The process of claim 1, wherein the feed comprises at least one of (i} less than 1000

ppm water, (ii) less than 100 ppm sulfur and (iii} less than 10 ppm nitrogen.

21. The process of claim 1, wherein said contacting is conducted under liquid phase

conditions.

22. The process of claim 1, wherein said contacting also produces polybutylbenzenes and
the process further comprises contacting said polybutylbenzenes with benzene in the

presence of a transalkylation catalyst to produce sec-butylbenzene.



| sobutene - 5-25 wt % | so-butane - 10-45 wt % N-butane - 5-25 wt %

-24- 17. The process of claim 16, wherein said C4 fraction conprises
the followi ng najor conponents: O to 1 w %propylene O to 0.5 w %
propane 0 to 1 wt % butadi ene 10 to 40 -##- % butene-1 50 to 85 wt %
butene-2 0 to 10 Wt % i sobutene O to 10 wt % norrmal and isobut ane.

18. A process for producing sec-butyl benzene, the process conprising
contacting f LSy e Kyl .atd

al kyl ation %%n ?ﬁfgﬁgpggggggéghg%gﬁﬁéﬂ%£¥%?§§g@ggyg@%ﬁﬁgﬁggﬁﬂ%%ga @u?ﬂm
140C wi t h a cateakekcted fipm séalije héta] masienite) IS MCM-22, BEH3e SBAVISNERB-1,
an X-ray diffragt] t Lncludi - CJ xi,ma, at 12.4+0. 25,
6. 910, 15, 3. 5116 b 110RA MENEas MRS TR U2 B s el Biisgbne
wherein said contacting is conducted at |iquid phase conditions and
wherein said mxed C4 streamis derived froma raffinate stream

obt ai ned by24 bcepracesy af sdadamicrabdreid Sreugecass prodeges tao cempaditientthat is
extraction procgﬁs I@ regn¥% uEﬂgie@e and to a i so-butene renova
process. 19. Th %F@'¥é§ St S8 “Wher ei n sai d mixed Cht streamis
subjected to at | east one of sulfur renoval, nitrogen renoval
oxygenate renoval, butadi ene renoval and isobutene renoval prior to
the contacting. 20. The process of claiml, wherein the feed
conprises at least one of (i) less than 1000 ppmwater, (ii) |ess
than 100 ppm sul fur and (iii) less than 10 ppmnitrogen. 21. The
process of claim1, wherein said contacting is conducted under liquid
phase conditions. 22. The process of claiml, wherein said contacting
al so produces pol ybutyl benzenes and the process further conprises
contacting said pol ybutyl benzenes wi th benzene in the presence of a
transal kyl ati on catal yst to produce sec-butyl benzene. -25- 23. The
process of claim 22, wherein the transal kyl ati on catal yst conprises a
nol ecul ar sieve selected fromzeolite beta, nordenite, USY, MM 22,
PSH 3, SSz-25, ERB-1, ITQ 1, I1TQ 2, MM 36, MCM 49, MCM 56, UZM 8,

and m xtures thereof 24. The process of claim1, wherein the process
produces a conposition that is substantially free of

i so- butyl benzene.



