PROCESS FOR PRODUCI NG SEC- BUTYLBENZENE FI ELD [ 0001]
The present invention relates to a process for
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sec- butyl benzene to phenol and nethyl ethyl ketone.
BACKGROUND [ 0002] Phenol and nethyl ethyl ketone are
i nportant products in the chdni cal i ndustry. For
exanpl e, phenol is useful in the production of
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et hyl ketone can be used as a | acquer, a solvent and
for dewaxing of lubricating oils. [0003] The nost
cditEb® route for the production of nmethyl ethyl ketone

RS conte DEERD: LPRaliot TEpREE o B8R I, dhpaithde sec-

hpdfydtcn@enedindoét eofertimPthe@seBythengeion®rphicadl Sdahethyl ethyl
SBA manufacture by reaction of butylene with sulfuric

ade@npas been acconplished for many years via
gas/liquid extraction. [0004] Currently, the nost
common route for the production of phenol is the Hock
PBXERGROUND I S a three-step process in which the
first stegbinvolves alk%&ation of .benzene wit
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amiphesol A, pbamolactamg adipet acié,. alkigweheapls, aidk plastidigers, whereas
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r ghtdaMfg bgs.t hat for butenes is likely to increase,
due to a devel opi ng shortage of propylene. Thus, a .
prloR33s t Hae meskcommonreste fos theaprodictipnopymethe] athyt ketgne 1s

oy SRVREEE R T o0 bu) RSB, Rl 1 oS S5 BRBuced
PLYUHE biiaragiflyel eRatatiohQI®alents. For kn@wle,tddaimabansdale SBA

and net hyl ethyl ketone can be co-produced by a .
v aranafachie by redréioped bupiensexith pyfugse acd has been accomplished for

S%ﬁn@%eﬂs%@é%ﬂ?qdi& e¥lcdbged to obtain

[0004] Currently, the most common route for the production of phenol is the

Hock process. This is a three-step process in which the first step involves
alkylation of benzene with propylene to produce cumene, followed by oxidation
of the cumene to the corresponding hydroperoxide and then cleavage of the
hydroperoxide to produce equimolar amounts of phenol and acetone. However,
the world demand for phenol is growing more rapidly than that for acetone. In
addition, the cost of propylene relative to that for butenes is likely to increase, due
to a developing shortage of propylene. Thus, a process that uses butenes instead
of propylene as feed and coproduces methyl ethyl ketone rather than acetone may
be an attractive alternative route to the production of phenol.

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

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



sec- butyl benzene hydroperoxi de and the peroxide
deconposed to the desired phenol and nethyl ethyl
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i npages 113-421 and 261-263 of Process Econom cs
Report No. 22B entitled "Phenol", published by the
Stanford Research Institute 7“h Decenber 1977. [0006]
Sec- butyl benzene can be produced by al kyl ati ng benzene
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sec- butyl benzene production, it is inportant to
ningreAsee Hie nugder of puedncheiiomas, albAd 1ERASGY- butfiohesxample,
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enzene, have€ ng points very c
s eedpylbehbeare)eand andylbenmae ahas dodrf isouers t(a-,sépar ate, and t-

from sec-butyl benzene by distillation.(see table . . .
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n-Butyl'bénzene 183 | Mor eover, 1 sobutyl benzene
apebduetst -chprcydllye spengylbereekeyobavet boibieg i pdintsi Yasy scloge to sec-

S Shra e LR b RIS Spbgid Bt PR SIRMBLLER by
p@gﬂygﬁ&p@e@&mﬁﬂkm&@)ethyI ket one and phenol . [0008]

It is also deS|rabLe_LQ_Leduce_QLhELTb¥_g;QducLs such
as but ene ol i goner Butgbbarept benzenddpibmgiPoint, °C

tributyl benzenes. TRagglbbyzepe oduct s condéfhre but ene and
benzene feed and camitgibes#neec- butyl behzene
selectivity. The olsgutjivenkiseene ol i gomgys can al so

have an i nhibiting £R{igMenPtheSeC- but yl bggzene
oxi dation rates.

[0007] Moreover, isobutylbenzene and tert-butylbenzene are known to be
inhibitors to the oxidation of sec-butylbenzene to the corresponding
hydroperoxide, a necessary next step for the production of methyl ethyl ketone
and phenol.

[0008] It is also desirable to reduce other by-products such as butene
oligomers, dibutylbenzenes and tributylbenzenes. These by-products consume
butene and benzene feed and compromise sec-butylbenzene selectivity. The
olefinic butene oligomers can also have an inhibiting effect on sec-butylbenzene
oxidation rates.

[0009] Moreover, although sec-butylbenzene production can be maximized by
using a pure n-butene feed, it is desirable to employ more economical butene
feeds, such as Raffinate-2. A typical Raffinate-2 contains 0-1% butadiene and 0-

5% isobutene. With this increased isobutene in the feed, a higher t-butylbenzene



[ 0009] Moreover, although sec-butyl benzene producti on
can be maxi m zed by using a pure n-butene feed, it is
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as Raffinate-2. A typical Raffinate-2 contains 0-1%
but adi ene and 0- 5% i sobutene. Wth this increased

i sobutene in the feed, a hi gﬁer t - butyl benzenenake is
expected, which further increases the inportance of

SR bRt B 0 2 e
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I te nati o al. Ag catio PCT/ EP2005/ 008557 is
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t hen e selectivity to secbutyl benzene i s
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tert-butyl benzene, it is an attractive ‘feed for use in
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out dbout ar di sc osures
are icamtfiecind catalyst Sr dlatlatiin dMasomatic compounds, such as benzene,

with alkylating agents, such as olefins, having from 1 to 5 carbon atoms over a
wide range of temperatures from about 0°C to about 500°C, preferably from about
50°C and about 250°C. Similar disclosures are contained in U.S. Patent Nos.
5,371,310 and 5,557,024 but where the zeolite is MCM-49 and MCM-56
respectively. However, there is no disclosure or suggestion in these references
that MCM-22, MCM-49 or MCM-56 should be unusually selective to sec-
butylbenzene in the alkylation of benzene with a C,4 alkylating agent, particularly
when the alkylation process is conducted at a temperature of about 110°C to about

150°C.



5,371,310 and 5, 557,024 but where the zeolite is
MCM 49 and MCM 56 respectively. However, there is no
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MCM 22, MCM- 49 or MCM 56 shoul d be unusually sel ective
to secbutyl benzene in the al kylation of benzene with a
4 al kyl ati ng agent, parti culfar | y when the al kyl ation
process is conducted at a tenperature of about 1100C

t 00C. - ASUWARY [0013] In one aspect, the
p&Menti on resides in a process for producing
S¢e013Yt V| beszenpect! the RERECHTVediRfckides th £ pRicesd fof gratucing

feed conprising benzene and a C4 al kyl ati ng agent.
userebutylbRyprene gw RIGERSS tOOBPEISEHE roNtasting aafeﬁg RPBAPES g benzene
of t_nk to w.th a.. » i Sj

apf a3 S fefCiter ARt cin oo, Fpiply A ARk el of

diabdutacitoeGnopatioe 1 B0IM etithdh RGtatlss paiprisingwx ileast @he molecular
12, 40. 25, 6.90.15, 3.570.07 and 3.420.07 Angstrom )
[ 615Ya] having edmpXyay t HETapHoa cpattem singldings dsgnaghige gnaxima  at

fr byl IY%ZM} i t hereof, and
m%rg'g]ip'r ef é’rgg 1y’ ézﬁ)%ﬁﬁﬁg@w %%tgg\tg i sotypes

t fe01adf . PeOGaly Oheviaoiceuitt yievs & sbladtddy frat MICM-22, MCM-49,
condifions, conpri se a_tenperatur bout 0
a@%&ﬁ-ﬁe@ ISB%%%&% aa'gpdmrefz@%ﬂy Bomuiched Muatss and
[Q&@es@%&ﬁ"ﬂi ently, the C4 alkylating agent in (a)
conprises a |inear butene, for exanple 1-butene and/or

2{0nitS¢ne. Comvenrentlgrivaidi atkylatiors abuditione apmprise peteimperature of
cont ai in.a m 4 stream whi i,S subj.ected to
it AG e R o i e R B o

OXy@IS]at eChVERIAtly, thet@AdiIRNSdELARY R In %zdoﬂ@ﬁbést@nﬁear butene,
removal prior to %I’he contacting (a). nveni ent |y, ]
s dproexaimpdel 1 atenerangdforiZsbuteRaf InenceembedimgniRadifli Imeaebytene is
stream .[.0017]. | ne_enbodi.yent , ' n ,ng. |

c SRR A G Gy S ST sydise T g e 3t suitur
C @&t ¥l Ol &ro g&eD v Viak ixly¥enasedieth cdlak Yudddiene remodalt dndnisobutene
al so include a pressure of 7000 kPa or less, and a

f semovRdiRgior (ACHP Iopnigstins (del GonYSribISsyidoased G stgam is a

LTS L lgeesout 0.5 o S0 b and e

alpoort7] 1 t I &k embodiment, said contacting is conducted under at least partial
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
benzene to C, alkylating agent from about 1 to 50.
[0018] In one embodiment, said alkylation effluent produced in (a) 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-22, PSH-3,
SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and
mixtures thereof.
[0019] In a further aspect, the present invention resides in a process for

producing phenol and methyl ethyl ketone, the process comprising:



[0018] In one enbodi nent, said al kylation effluent
produced in (a) conprises pol ybutyl benzenes and the
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pol ybutyl benzenes wi th benzene in the presence of a
transal kyl ati on catal yst to produce sec-butyl benzene.
Conveniently, the transalkyrétion catal yst conprises a
nol ecul ar sieve selected fromzeolite beta, nordenite,
USsY, 22, PSH:3 Z:25, ERB-I., ITOQI,. | .

VOV 36 OO E8 2 i J850 EDRPESnB HEn, et ok afing agen
[ @Rdé] alkfaford Ybhdi€@6nsASRAFising ReteRipBRARE JfabRNE 100°PC to about
resides 1n a process for produci ng phenol and nethyl

etlhYIC hathom eatalylecempiasing at dapl Prd mglecalar sve dwvinggam X-ray

f conprisin nzene and a C4 al kyl at,

ARERSTRA G e ERRERSPERE Reviein 1R sy P07
Otn@u+0ld0 QArigtrakowd phb@Re wh tdik@ai@t dffednt comprising sec-
conprising at | east one nol ecul ar sieve having an

xbreabeazere; act i on pattern includi ng d-spaci ng maxi ma

at 12. 40 25’0xﬁﬁ$ﬁ%ﬂ'§{le 3.552'??8'&36%?&63. AR OgagAng)st pRfuce a

to produce an a fon e conpris
sagtopyokilezank; (b) oxidi zing the sec-butyl benzene

from (a) to produce hydr oper oxi de; and (c | egvi

t he hy&?)opelcf?ﬂ”d‘é the gmremm?@e;ff%rafwéo %p FeP ang%lethyl
My ketshdly! ketone. [0020] Conveniently, the

oxi dizing (b) is conducted in the presence of a

c{d0A0y st , Cemchicatya theabaidysng k) éctenductalmi( ithe presexae of a

hyd brid . | | .
el Sy
t @it ANSRIDEA! cIFRirRtinS AAREMesd) M) AdoRo (RyeskdyBirRlged Blt@nuclear

one netal of the core belgﬁ a divalent” netal selected
f metal Zompx, havang Tmixed metah canedond metat of therrore beingaglivalent

anot her tal being-.a trixalent, metal selected fro
oo e 4 G i SRR MRS et & anoter
Nriey4lr seiyg aURShicht hedalCyetdokdd rahden, eFd, Neh, @0l &id infixtures
the presence of a free radical initiator. In one

eitteserifnandt (iii) wa Wxtivdroxat substieiérdarydic imidg either alone or in the
h ) i .+ .
DEHFRRSICHS: A8 RlnoL IV SFRRUARL T bnid gy ptanet i

nperature o
7QGetcpogthosts cAtdyStand a pressure of about 0.5 to about

1?00a2t15r08p8§r£v%?1ie(nt518, tth(e) 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
catalyst. The catalyst can be a homogeneous or hetergeneous catalyst. In one
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'.



1000 kPa). [0022] Conveniently, the cleaving (c) is
conducted in the presence of a catalyst. The catal yst

W@ 20076023361 honobgeneous or het er geneous cat al yst PCT/RP29NE001209
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enbodi nent, the catalyst is a honbgeneous catal yst,
such as sulfuric acid. [0023] Conveniently, the
cleaving (c) is conducted at™a tenperature of about
400C t o about 1200C, a pressure of about 100 to about

> B A IS CRIPHOR OB 450 eNIBEDISTRRG Y (LFSY)

JIT LAY II A A} ol UAT UC J1 UAUNvuUuUlL S L) about 100
F]ooh4PETAnIeE ré@éﬁcﬂv@ﬂl&ﬁ\l i§Xirkkted EUBQQIrNEé‘ég ok Gitddicing sec-
resent invention is directed to a process for
p bu enes anth theyl parveding thedsacHaviylbenngae ttp righenple and methyl
enzene to.phenol and.meth hyl

@Ygg%%g? sf[%% C?I}]V\?Sﬁl énvoLvets Ing 1f1 del&%zg %16 stlég-tblol{}?benzene to
S gfodwé ythee baeespohdingr Bydieperbkide Cafid eBp@NEledng the resulting
hydr oper oxi de and then cl eaving the resulting

hyidrepetosidede pradupe Bmﬁ,eélr@dn@eeebmderaetbﬁbﬁbyl Werret hy
ket 5 I t he

oLV o B Berge R Ul Mo 3 Bt % " SRLY D Ikt when
Wlbéﬂnzeﬁe @alh&lht;eﬂahtlﬂg Cagtylatingugbntasuch agiaxaikeld l]mlmme feed over
feed, over a cataly onprising a nol ecul a ve of
t REARIGE SPMPTTHE § mq%%ﬁaér%wf RV CA; 22@&&4 fye%?ﬁ%{ﬁ‘z}w MCM-
angl t fan@ e I t
oot PaF1Ege, AU land NIl il B e AEPRLIGH Yelpkfuure i
1t6rdllzdatnthih ndAsO€]y ddfmedﬂllnatssmﬂ abotti MiOP¢ tofaboute 50°C, then the
praocess to roduct.i on f sec- puty. zene i
CESBCeth e mRERE 46t Broduc o b byt TRE TR 1S apgpectedly
Cahidn¥ed oPtta fYocdsBIREhAEHAE cRhlyHOAF a0k téhRPMBurd6f 959°C or
H O0C, the rate of conversion of "the butene feed
beb@\n?es Beldwsil @6, ythieowte Réncanversiink pf athe opntpig0ded Pheomes

éene gﬁl oyed in the alkylation step to produce

588 Yene can be any commercial ly avail abl e
benzene feed, but preferably the benzene has a purity
| evel of at I east 99 wt % [0027] The al kyl ati ng agent

can B&ARY Adk{yIRAGHI C or aromatic organi ¢ conpound
havi ng one or” nore avail able al kylating aliphatic

7057 CapRb! BenSine employed in the alkylation step to produce sec-

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

T

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

[0027] The alkylating agent can be any aliphatic or aromatic organic
compound having one or more available alkylating aliphatic groups capable of
reaction with benzene and having 4 carbon atoms. Examples of suitable C,
alkylating agents include monoolefins, such as linear butenes, particularly butene-
1 and/or butene-2; alcohols (inclusive of monoalcohols, dialcohols, trialcohols,
etc.) such as the butanols; dialkyl 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
light naphthas, catalytic cracking of naphthas and other refinery feedstocks and by

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



reaction with benzene and having 4 carbon atons.
Exanpl es of suitable C4 al kylating agents include
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but ene- 1 and/or butene-2; al cohols (inclusive of

nonoal cohol s, dial cohols, trialcohols, etc.) such as
t he butanols; dial kyl et hers;-such as di butyl ethers;
and aIkyI halides such as the butyl chlorides. [0028]

T n c al. so olefinic C

oL ay o e o the, B R o TpEetin, Biugess pieaggnerally
C%@&iﬁb[&m‘)ﬁn}ﬁiéﬁ@%& eﬁbﬂ;@lﬂ{gesteﬁﬂtc?i&m%%cpﬁiﬂdcé offins; a crude
napht has, catal yti'c cracking of naphthas and ot her
r etfeamecpryclfeéeblg@mﬁ: ktgedebgﬁn@mah étrhgu radedt reRpiung tadisr solvent

t,h r ol 29 Far I

¢ &P cl MR Bemadh b KRR Bl BOR e Bha AR drmckes
auatehabdr@nh)rmﬂrlyafﬁﬁﬁﬂem(tue proghentem@irsi dgsamr&em@kzamf Bubadiene
produce ol efins; a crude steam cracked butene stream

Rand jisphuteng framehe carlscstesna rardied Puiimeestreasly eienerally, these
ARSAR2 PR b AP ol UL TR0 OB

(the product remai ning after renoval of butadi ene and

i sobutene fromthe crude steam cracked butene strean).
Cenerally, these streans hdndl “c’érrp03| tions within the

e %}n bAAPeS CRile@@rgd 1N Hﬁﬁﬁa@e A bel qw Talafirfe 2
[DO3O] " Gher |r efdaaar y Mg TR SHEDeAS [ iBRFogn.
optai ned by ¢atal ytic|cgagkidyd| 0 lpht h@g gy Of her
re Yo feeustyrks, tyPLGaELty ARG IR AT VY RWTY
caﬁ%%@%t% on: |Pr oovl%ne - (C?% %d%r opane - 0-2 wk % ’
Bli€4deetyienes (- 50406% Bit €h@5%1 | 9-020%6 wt|% Bt She-p 0-0.5%
1‘3—5'9—V'\7f- tsobtt e 155259t 94 bprtgne % t %50,
N %‘d The - 5 251\3\2@3 [ ()032?]%0&[4 wg?}g%rt 2% ?%e}(‘:’t [ onzS 93%
opBatere2l from t he5%onyeri®i3oth of @3genat es3-40% 0-20%

Isobutene 0-30% 0-55% 0-35% 0-5% 0-5%

N-butane 0-10% 0-55% 0-10% 0-55% 0-10%

Iso-butane 0-1% 0-1% 0-1% 0-2% 0-2%

[0030] Other refinery mixed C, streams, such as those obtained by catalytic
cracking of naphthas and other refinery feedstocks, typically have the following

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

[0031] C4 hydrocarbon fractions obtained from the conversion of oxygenates,

such as methanol, to lower olefins more typically have the following composition:



such as nethanol, to |lower olefins nore typically have
the foll ow ng conposition: Propylene - 0-1 wt % Propane

WO 2070986t % But adi ene - 0-1 wt % But ene-1 - 10PGUDER09G/001209
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Butene-2 - 50-85 wt % | sobutene - 0-10 wt % N +

i so- butane- 0-10 w % [0032] Any one or any m xture of
t he above C4 hydrocarbon m xBures can be used in the
process of the invention. In addition to |inear

but enes andeut nes, I Xtures typically contain
conmponent s, S is &g@ and but adi ene, which can
be deleterléﬁ@”WS the'gk éaof the invention. For
exanpl e, t hBushichs) ak%&l&@ﬂbn product of isobutene
with benzendutenetlr t - by bwiteene which, as previously
stat ed, act Budeneah i nhirdowt%o t he subsequent
oxidation stsputehbus, -@-10Owt%o t he al kyl ati on step,

t hese mi xt umest Roduemabdy0avte, subj ected t o but adi ene
renmoval and isobutene renoval. For exanpl e, isobutene

can be renoved by selective dinerization or reaction
vm[@(mﬂnet h&nplone¢ or pry ux@reviBiic ahpes €abydracalipe muxaises can be

et B oo It B Bt Fo RGP QREES 8 flancs,

Cﬂfﬂé@ﬁﬁl&hﬁres C}@iﬂm&%ﬁkalﬁ%ohﬁﬁ&ﬁgrmn A ot and butadiene,
typically contain other inpurities which could

be
dethishnenchs dalgerions taths praeess of fredBeayionFdior exampleethe normal
r %[Hlyﬁ?{o}ﬂ g%g[]é/td "‘I?Jb*ﬁ?é?les&/ftﬁaﬂ@lz '1§ %xjt% érﬂ: which, as

ogen ur I npurities, ereas ydr ocar bon

stprmlmitad net &3yananlyigroabeheamsanenboxipatocomesae sThus, prior
typi cal contai n upreacted oxygenates and_ water. .
Thughe pqﬂzsdﬁtl% StRe tﬁ $9ey MK HESS grggﬁsably HIE SUNSHS £ bigdiene
al So0E PGt &W\‘? Ot or & ath é@é ﬁb’ﬂ)lfté'ﬁe ESBE&lemoved by
nitrogen renova an oxygenate renoval, in addition to
blselacti\@néimcafimtielh caneastenbwitbnmethenoly & pradewo\MTBd, whereas

, nit en, enate inpuriti S con entl
o Prisiteng Ci b SRy e Y S5 it dom et <l PeeBRBE B ik
W3] Washi NiiditflnStib! loftter ORydrREHB6PT ESApbiRinkY commermal Cs
nnlecular si eves and/ or n%rane separa¥|on Water is

ahgdrocgrbor amlyture@nﬁy[gg]alby contain other impurities which could be

detrimental to the alkylation process. For example, refinery C; hydrocarbon

streams typically contain nitrogen and sulfur impurities, whereas C4 hydrocarbon
streams obtained by oxygenate conversion processes typically contain unreacted
oxygenates and water. Thus, prior to the alkylation step, these mixtures may also
be subjected to one or more of sulfur removal, nitrogen removal and oxygenate
removal, in addition to butadiene removal and isobutene removal. Removal of
sulfur, nitrogen, oxygenate impurities 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.

[0034] Although not preferred, it is also possible to employ as the alkylating
agent in the alkylation step of the invention a mixture of a C4 alkylating agent, as
described above, and C; alkylating agent, such as propylene, so that the alkylation

step produces a mixture of cumene and sec-butylbenzene. The resultant mixture



adsorption. [0034] Although not preferred, it is also
possible to enploy as the al kylating agent in the

w@bkdoghgasson step of the invention a m xture ofPEI/EB2007/001209
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al kyl ati ng agent, as descri bed above, and C al kyl ati ng
agent, such as propylene, so that the al kylation step
produces a m xture of cunenedand sec- butyl benzene. The
resultant m xturecan then be processed through

R 5%, D BBt S0, ORISR Pt AIRAYARndP dngHG 2 Bge of
I adtOhPdndAQIEKO '&fon‘gcwlm BR&o], 'p?ef@ra@lylwhér@ th@hfollartrh€o of acetone

demand of bi sphendl - productlon [ 0035] Conveniently,
t teephepohis & Bétotmatehthealekand of brsplsqr@bAopmtlhfélqm esent

t n(g(ﬁ%gbgngél?%{@ﬁ%é )t(l'é%,gcftgp ?eéeél Ogléeﬁ p%&zﬁg) steé\a?te Tie Present

agidlichiiOm conthids tIgdsahard €000 pyml s@dhl 3 ©ONHRAKBDO! §i5s, fdamample
100 ppm such as less than 30 ppm for exanple |ess

t trsh iBnpHiA PRyl Waler.a bl addigen.t thaotabfegd Aypigalbheandaingdess than
BB, I ERAT S35 PO P B G e s

PEREDSpPNS, sacle ayl&taﬂhbn N§phy lf@taxamupleslegvtbai QM i ppan, alitrogen.
X—roaé diffraction pattern includi ng d-spaci ng nmaxi na
al0088) 40. e a@(ywomscatéyw@seé?mam “aresrb. RIgCAR ge 1 ghystalline

T%leéuiaﬁys c!biﬂ ffgl"vﬁf‘gt ﬂ%ﬁ&'n hgté&ﬁ%éﬁ%ﬁ% am maxima

mat er | re o%taln y sta tec i ng

t he Mzaatqmg 6ol 18t Db 7t@Ppeandas3.473d. Ochn@m)m The X-ray
g&l ation _and a.di ffractone

S

Fot 1o 078 PSE8 It S B 485 eﬂi?%ﬁp@gﬁ,ys“%fogtﬁ&& pygtandard
C?éc b Hsnﬁ%stﬁce‘ﬁ a%ﬁ@%@hbl’é@%? thied ABaKL ReLildIR BHANSn and a

X-ray diffraction pattern are sonetines referred to as

mdiféectbpetes i eguippedwitthe shibhillatorf genrter anddagspeipigdecomputer as
ﬁédescr bed in US. Patent No. 4,954,325), PSH 3

( JEOIPHE R0 S, Patent No. 4, 439, 409), SSZ-25

( | i bemffatdpiald BavilRiRnabNe: X4r,a§2(ﬁffﬁfé?i))n pakiBrnl are sometimes
(described in European Patent No. 0293032), IT

|
( fered Bedsi rnOIQCISar Pevenef e H1CV22 dgnily|and. include MCM-22

(BRI US R GR P4 L0083 Pt YRR B Pacor No

5 42630,429Y, )Sszjvﬁ\/td%%r(&asr@ U.Seehtdnt Nd. & 8251@6&);&«:1&11 (described in
5, 236, 575), MCM 56 (described in U S. Patent

5 Egemeay ?;nenum ngwgbrmsba (s ik rkareas b No 6,077,498),
0173 (3hined i 1Tt hHET PSR! B¥licalSrNE! §R097/172%), Mem-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. Preferably, the molecular
sieve is selected from (a) MCM-49, (b) MCM-56 and (c) isotypes of MCM-49 and

MCM-56, such as ITQ-2.
[0038] The term “MCM-22 family material” (or “material of the MCM-22
family” or “molecular sieve of the MCM-22 family”), as used herein, includes one

or more of:

— molecular sieves made from a common first degree crystalline building
block unit cell, which unit cell has the MWW framework topology. (A unit

cell is a spatial arrangement of atoms which if tiled in three-dimensional



sieve is selected from(a) MCM 49, (b) MCM 56 and (c)
i sotypes of MCM49 and MCM 56, such as I TQ 2. [0038]

wab@®7oesm " MCM 22 fam |y material ™ (or "nmateriBCT/BP200T1€01209
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MCM 22 fam |y" or "nol ecul ar sieve of the MCM 22
famly"), as used herein, |ncludes one or nore of: -
nol ecul ar si eves nade fron1a 19omon first degree
crystalline building block unit cell, which unit cel

has t he rk t ol ogy. [(A.unit Il is a ..

Lot i anpai e RS 0\ P il Son hitad Gicrys fre discussed
thr ee- ¢ FRNMARRIFIRBGR BadcHoBeTyhdie, FifthSdddtion, 2001, the entire
structure. Such crystal structures are di scussed in

t he " Acbaisntaff wideh istincarperatods kefPrgpes); | Fifth edition,
2001, the entire content of which is incorporated as

cecana itk TR g GRDe SoriRRg SO Red Rl Mflgne block

m
second d%gree ock

tiling b@lﬁlg&@&ﬁ&éﬁﬂ%ﬁlﬁﬁﬂﬂ&%ﬂ%u&l@W@@ﬁM%ﬂCfdpbl:‘ogy unit cells,
form ng a nonol ayer of one unit_cell thickpess,

pr ef er ApNyingAdnenakpyer of one upicel Abigkness, nrefeably gpe c-unit cell
si eves .rom comon second degree buil ding bl ocks,
bei ng l'ayers’of one or nore than one unit cel

t hi ckness, wherein the layer of nore than one unit

cel -t mad&mdsssibeesmacide ffram cinaokn rgeomphdkgmg, buﬂding blocks,
bi ndi n | east .t wo nDnoI ers of. o unit cel

Chi ckndeBs 12 S SRAgos Daene Guit BF1G Mibkpess FpsraiR higeyer
bl ocks o?%r@Qhérpoﬁ’e [lﬁﬂ WeRthicRe&s QO maAB frdrh QeekAlg, packing, or
fashi on, a random fashi on, or any conbi nation thereof;

and - boldéngiatdeass bwemmim?ersmf oanynit gl tizieknsss. rﬂwmﬁklng of

2-di mensi,onal qr .3- di Si I conblnatlon of uni

cel | 5 RO nEroredsiigs (R PREE SaT o b sSadiTfghion, an
al kyl atjr&mlaahatiors ta réddonh Rshisdort dhg o@ﬁibﬂfdﬂﬂoﬁﬁh@b@ﬁ/ énd N
unbound or sel f-bound formor, alternatively, the

nDIecuIar si eve can be conblned in a conventiona
manrer Mglequlansigyasdaads baedny SRk £ mndeingdimeRgoenal or 3-

and a0 oty o SYEBAPR, GELRL Sl ARTRE, e NP Raiewor

cat al ysdépolggyunbound and has a crush strength

[0039] The alkylation catalyst can include the molecular sieve in unbound or
self-bound form or, alternatively, the molecular sieve can be combined in a
conventional manner with an oxide binder, such as alumina, such that the final
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
mixture from remaining in the zeolite crystals as vapor phase crystallization
occurs.

[0041] The alkylation process is conducted such that the organic reactants,
i.e., the alkylatable aromatic compound and the alkylating agent, are brought into

contact with an alkylation catalyst in a suitable reaction zone such as, for example,



much superior to that of catalysts fornulated with
bi nders. Such a catalyst is conveniently prepared by a

WQo 2ponIhase crystallizati on process, in partiRCi/EP2087/001209
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vapor phase crystallization process that prevents
caustic used in the synthesis _m xture fromrenaining
in the zeolite crystals as \fébbr phase crystallization
occurs. [0041] The al kyl ati on process is conducted

such that the organi.c reactants, .. e. he al kyl at abl e.
SO RaIPE EariGboRd e eraxed Rt i B sy Apgsfiolofin 2
begtght dRtiRattNt@sdtorM hildern effbéitleatalilationt &oMitiohs) a Most
suitable reaction zone such as, for exanple,in a flow

r gapertantlyothe silkylatipracdmidicens hecdudsf a temperaibegl gfsffom about 110°C

CHBSAL SO, S e b5 Al Ao et 257 o

| BABAUtt W@,tyl?ihﬁl)malﬁﬂltatli?’mﬁoﬁﬂ laldiei6f, tHC lalkd@atidn conditions
tenperature of from about 110C to about 150C, for
exengstlly mebe anmesureeLIRkPrapdesss frstexamplmem abowic 000 to

t 0 1 ' [ t 0. adgidck gN e
a?ﬁ@ﬁ aﬁoc()) n Eggn ?i‘ﬁ/ Flo ﬁ’gl%‘ g n@?gpl i,}:]alg% 3‘3&35 g yaag%ltes's\? u}r)aestegf on. C4
7Q091aiRa apent 6B Betwicon absatTll earidr sbvua SOt G0et b detween

3500 kPa, and a weight hourly space vel ocj VHSV) .
baked loAndabentid) BY | nd vaigahy. Be melanelio a%%%&zgrﬁ 1o Zfkylating
a : r f Qr I ut

SR St BUEED o PR A 21 e
af0od2ht i Mbheageattanits danobe alnoeithdr the abpert pb@se foor partially or
exa e fromabgut. .2 to about 1Q. [0042] The reactants.
c&ﬁrgg{?tql}ﬁ 8 thee q‘t“ﬂ_(epv_'cfﬁo?ndpﬁﬁ%&eoke%arltei’agr’?/ n fnlentional
CQimx@hrR! of dillti & Frithi Alvkr In B3R Corethely 68 bdBrol8R intd edditact with
free fromintentional adm xture or dilution with other
mélteezeodite, catalysthroynpoaitionevith thegtid of eaoies@asescar dijuentstsyeh as,
zeolite aba(ir\ést conﬁ_osition with the aid of

c ?rrqxélf“pg‘:a LI i 1'U&RTY such as, for exanpl e,

hyst4agen Osingithé @aRNst [R@4BlylAtinngnipeeatet ddsysbedanbbve, it is
al kyl ati on tenperature described above, it is found .

t fiextndtthat the rikytetion steptafpheprochss qfithe Brysntign istaghly selective to
i nventipn is highly.. ect v

oS Pl et BBHUART L Ryh® BEGHPHhLbATIERAG debduced
P hothlBoconedinelebsy/than 0t5awt?s off éssbutyitanzéncboreebatylbenzene even

i sobutyl benzene or tert-butyl benzene eyen .usin

TIRBE DEEHs MEDE SELIPUER ARRITEAR D T oS jery ayantageous,

a - b { ' [ on - hut wkb h8 ico

B L
butylbenzene and tert-butylbenzene, a significant reduction in the sec-

butylbenzene oxidation rate occurring when these impurities exceed 0.7 wt% 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



but yl benzene and tert-butyl benzene, a significant
reduction in the secbutyl benzene oxidation rate

WwW@e@aneisng when these inpurities exceed 0.7 wReDEPIAE001209
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sec- butyl benzene feed. [0044] Al though the al kylation
step is highly selective tomards secbut yl benzene, the
effluent fromthe al kyl ati or Reaction will normal | y
contai n sone pol yal kyl at ed ollgonerlzatlon product s,

Sl B BTELS B R B e o

NHaRBhizY tHeq 04 i0H of Yhelelired mdhbARylafed sf;&ﬁé’sd ed to the
al kyl ation reactor. The bottons fromthe benzene

d[0045] | atTrensalipdationr tvithr addigional] benzene depupigeldy effected in a
rTPr sa! atlo#]xegeag{o(?dg tare];téo nﬁlep?ﬁ%ﬁh%xl 1%%1&9¥ pg‘%‘}ug &hitable

eavl €s pen ng on

p&hxysan&yydti@hetﬁtawsﬁ chiich 9s RrreSedlar dieviehst thé RYCHE-2Dfamily, zeolite
reaction effluent, it nmay bedesirable to transal kyl ate

t hetap MGM-RY | Geed); |§r o%ﬂﬁ@%tsNW 1606 BRRlte hEn2Bch em%lemte

speélggeuga% {lg‘geiﬁfo% ansal Kyl zf%lng'n ilc{]eﬁ(ggaiﬂgkdﬁ&%eﬁdm UsS.

benzenNoi 8 954!,9125)@IP|SH ef(desctibell imUES. tHasers Nk \A,439,409), SSZ-25
react or, arate fromthe al kylation reactor

o (Hopemited inrods diokept 0. G 2607y ERB- ls@@ﬁcrg%edamn%‘llr@%ﬂnaa?atem

UN(év %&2{03&? Wéaéfﬁgalg U %28 eh ﬁo an d 4%%?@ 4 g“%@mb"d

Mal emsinationsil ERa@t mumlbﬂld&mozawb@m 17290 qummueec’hbed in
(described in U S. Patent No. 4,954, 325),

( B cRates dNo-n5, 200527 PaMEe-4b (deacribeg in09 S, Psmt 215) 3,236,575),

(RO Popes PR R8P B8 bBy Ripyoed in US

( Berar Noed,756,0309, Bad enixtides Ghebobf, 4T8¢, trdni@k?latlon reaction is
(described in | nternational Pat ent Publ i cation

vipally xopsluctatindss ot deast parbakiliawd phese rﬂm@?nch Sultably

S o1 (IS bt o BE e v

5h3@dy SRtk veldbiy S f(des 50 iHpedni tatall.f&ed, Rad @nbenidone/polyalkylated
6, 756, 030), and mxtures t hereof. The transal kyl ati on
rb@&ep%we}ggltfa}m&féﬂml conduct ed under at |east parti al

i quid phase conditions, which suitably include a
tenperature of 100 to 300C, a pressure of 1000 to 7000
kBac Batylﬂiajuhmmolxidaﬁoapace velocity of 1 to 50 hr 1 on

r E(fq%g] eIll qragr%@éco?lsgr% %?ees/,ee%lu)(}ﬂ{)gr}/zleget 1enctjo %ﬁgnzo(? Ql%dmrlr?etg}t/] 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 coordinated to
at least one metal from cobalt, nickel, manganese, copper, and iron. (See U.S.
Patent No. 4,013,725). More preferably, a heterogeneous catalyst is used.
Suitable heterogeneous catalysts are described in U.S. Patent No. 5,183,945,

wherein the catalyst is an oxo (hydroxo) bridged tetranuclear manganese complex



Sec-Butyl Benzene Oxidation [0046] In order to convert
t he sec-butyl benzene into phenol and nethyl ethyl

W 2400/2336t he sec-butyl benzene is initially oxiBCHEBRINT001209

10 d

15

t he correspondi ng hydroperoxide. This is acconplished
by i ntroduci ng an oxygen-contai ni ng gas, such as air,
into a liquid phase containiﬂé'the sec- butyl benzene.
The reaction can be performed in the absence of a

0 F S LA Tl e St o

Q) Brifg8d GaPariiBleas me@él%nﬂﬂeﬁﬁﬁ\tlﬁ%rﬂ Hﬂxéd“ﬁletal core, one
OXI datl on in the presence of a catal such as a

warteal o£ diqn@lreb@ne Iaah‘ealem mpﬁsuwdlepwd\ﬂqre EnnGis Fei&iss MieMn and
d t
BERRES AFEeLRY bRk ekl oling sCRRbeRl o e Blep ki dRm &n. Fe,

P8 'Ea ™Ma.and, rﬁﬂ(&lrgs'zﬂﬂereo% Mhe Féhﬁfeed@&lbwresaof said U.S. patents are
heterogeneous catal yst is used. Suitable heterogeneous

céncarppsated hereindustefdrenag- in U S. Patent No. 5, 183, 945,

migﬁ nt S

¢ 047 ucI Q%re? %ﬁalbgenéatéé%ég?or(%ﬁg Séchlylﬂglgéngng kgﬂﬁ? R%ep are the

SNORPUr&2AP, subb&ﬁu&ldn dybkc Cﬁhlﬂbsy Scﬂescnlbmr ImeSPuahslwdo U.S. Patent

(hydroxo) bri t et ranucl ear Iex havi n

C%J%é? %ﬁ?%@@%}ncsmwe? Bepe efgregce, s ch'as N-
%@o?ﬂéhtﬁrﬁﬁﬂd sel ect g%gflfl@-‘fq- ro%) ]Faq 1@9 N, Bmino-N-
Ures thereof and anot e|ng a
thydmkgﬂtthammdb sel eﬁtzé)domomydrpxﬁmthawmd@a Alteteagtiloro-N-

PR or porGhEoRUREMITE, °r cNareiee iy N
qlik% St Rideat al YNtli{dfr&f behfnsae, bmﬁydrb&nﬁme N,N'-

oxi dation step are the roxy substituted cyclic
i dihydroxgarremplditici n r:iumldeéhed NN ditpgrentbengpphianane-8i',4.4"

'\?F@Fﬁl Bs’f\ﬁ%ﬁ?}%ﬁﬁ ' ;&ah’ rl%}n% e, her eéhne By3 Eh%far ro()e(lnrr(il%b N-

4 h3droR PsubkiniAidex %'Bﬂixly(fhﬂzﬁ*lc imide), N-hydroxy-5-norbornene-2,3-
3- am no- Nhydr ox al i mde

t dicagioxmgeNe MW ﬂa}xpmcm@op 2.1]hept-5-ene-2,3-dicarboximide,
g{wfé/gﬁ&xi E? c%’lg%gg)?ﬁ%hhi Iaﬁla}b@xﬂ'ﬁr wr% Qﬁtéﬂ @c‘ﬂ&exene 1,2

ydroxytrimelli
NdfmﬂfomtmﬂenzQﬂhydir,oiyrﬂaphthahﬁﬁ&mxmﬂddlm NMaNl- or N-hydroxy-o-

~di hydroxy(pyromellitic dii

20

25
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ORGP yRisen: i e can, be uselepitbezatlgRs i 18 the

o R RS TR Cian o ey s i phegg homosencous

chttykysttsqu( tan thar supportedien, al\soﬂuyldcmyr- 5 rpopvide raethetezqgﬁneous
catalyst.
[0048] Suitable conditions for the sec-butylbenzene oxidation step include a
temperature between about 70°C and about 200°C, such as about 90°C to about
130°C, and a pressure of about 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
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



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

WwW@00mogBss1 N- hydr oxy- ci s- cycl ohexane- 1, 2-di car POKEP100E(01209
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N- hydr oxy- ci s- 4-cycl ohexene- 1,2 di carboxi m de,

N- hydr oxynapht hal i m de sodi um salt or
N-hydroxy-obenzenedisulphonrﬁﬁﬂe. These materials can
be used either alone or in the presence of a free

radi cal injtiatoy. dc be used as |iqui.d-phase,.

Bt rratzaiedo B dfig s S i wiBREed e A BrBAR g o the
CQE4VaRE sfep. Provi de a heterogeneous catalyst. [0048]

Sui tabl e conditions for the sec-butyl benzene oxi dation
step include a tenperature between about 70C and about
Zﬁpg suchda%Pabout 90C to about 130C, and a pressure
ofYAEREFOHdE GIEIVAGE ;i 10 at nospheres (50 to 1000 kPa).

Adoas] ¢ brHef ghdl neprBEiNe dBRYeRidnasiied st@bugMdnzid thto phenol
acidic b{éﬁroducts that may form during the oxidation

| anchietiby] etnyl kestonequeeliss geaysse pbtheisec-rythsagensdydinesaxide,
C\%ﬂ'clﬂelL or%e%ﬁe%hv eeff%@t%ld %ycc%ﬁpa%HH the @ﬂ?{%h]e?éxlag 1#{"@ catalyst in
carbonate. e Ker-pass converston i’n e oxI dation

stheRiqusd phadeedtadtampepsttirebet uubQYEC ke aBbi M(PE, khiéh as about
formati on of byproducts. The oxidation reaction is
cé0Rietol abott 1206 d prgsewteiofi abowt 040 pbows 2§08 tiPr| such @p about 100

it d -butyl b hyd '
U e RPE Gl RO BEoRSORY HSLatuer on e
SR{drBpirykiae v apsutiy. i @ about tibe het gavREMIF bt 1 to about 50 hr'.
Hydr oper oxi de Cl eavage [0049] The final step in the

c 6he eesbplbenzankchysleepenenige ircpreéarably ikitqshisnan ogagic solvent

methy] et hyl ketone i.nvolves cleavag )
Sl The blea R RGeS or B o -RRCRNIL ko phangl 57 s
ebiht9efzbnbY to B4¥isAGh ihRGt idnval dIThp el@xagte resictibn @ conveniently
catalyst in the |iquid phase at a tenperature of about

2ermdugted iy @ catebdio distdlgtion Bait-about 40C to about 1200C,

a sur§. .0 u . , h
T S T T O R S
vedtalgstior a(HebdBdenbassadhtadystt he hydr oper oxi de of about

0.1 to about 10Q hr 1, preferably about 1 to abo 50 .
h{0051] T@I@eé- Mgﬁ%??i‘énéfeﬁﬁﬁ%ﬁé Fuenfiyde Stffurie” acid
p{)@rﬁﬁ()ﬂ@laysi(ﬁ 'thksg;%rfcnaaal B HHISHS AiMeMd pR6TuEndsIfbRE acid.

cl eavage reaction, such as nethyl ethyl ketone, pheno
oFersie cthlondd; erremerifluorids ssudfur i dioxidatandeslfial triokide are also

Cé&&\{l%g %o¥n%aggrt1eio%g ciesévggoenc\:/a?ﬂiys%sr,].t l1“¥1e preferred homogeneous cleavage
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
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.



conducted in a catalytic distillation unit. [0050] The
catal yst enployed in the cl eavage step can be a

wheowgesepus cat al yst or a het erogeneous cat al BSI/EP2007/001209
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[ 0051] Suitabl e honbgeneous cl eavage catal ysts include
sul furic acid, perchloric acid, phosphoric acid,

hydr ochl oric acid and p-toluéﬁesulfonic acid. Ferric
chloride, boron trifluoride, sulfur dioxide and sul fur
trioxide are also effective honbgeneous cl eavage

catal ysts. The preferred honbgeneous cl eavage cat al yst

i Exampfe,} (COmMPREALNS)52] A suitabl e het er ogeneous

c deeBytylbengeng synthgsis ysing MEMY 368 put yI benzene

h er oxi [ ugde ti hay "
a@%lgg rm'&nt rer%r ig%ﬁ%ngﬁpﬁeplgi ﬁ?ﬁ% a g}\n&: ﬁg ET@;’?@;@% Hin [1/207]
dgsairuloBel ekftuditSof Bt BWMIONG-49/4087 V,e2shl 200 burembi tieder, cut to
di scl osure of which is incorporate here} b ) .

- diemendb3otolast) tras v B they AEselaroReel BreZens viih Aopixed
[ frad 4l . b €4 fo/t e e 0 i}
¢ RAAE T MR IR R IRE cgmpDatoh, B} ¥ SR ISP a2z rons
shutehe s4.6%uisbgend N 39 tattadiG@C 0 0054butandaid Gr2dmothers. The

sanpl e of an .49 cat al_yst .3, mm[1/ 20"

o AR B b it w3 Gt oniicnded At Bplgrmalg down-flow,
akum-Bad, RLBASF reabldt Hafing- a3 HMtkild /dddhdted SNYYB)MMES/L39d The
for the "al kyl ati on of béenzene with a nixed butene feed

heatalyst whe dfied abWPHYC @odpostint wath: 1®3cogsin ifloniing afteogen for 2

41, 2% tr ansbut ene, 4. 6% i.sobut ene, 0. 5%, but,adi

o ha THE AR RS Wis gt SRS Ao Lastigh DR HRQERAS at 60 comr
dihtilt @€ réAdtér Sr@bhrd ehcBedsed &ndod Paige@ 1 70kPapn Benzene flow was
i sot her mal own-fl ow, fixed-bed, tubular reactor

hehennepdaeedode <762 wihinte.67 WHSY)7endnthe Jningd) butepg, feed was
c I ri 0 t m 4 ]
e 185, L APy AROE, 29 chyt ML Rl EEEBullye vas
ohdjused tdesPEN eFasa Hehtthebatenb endl@aatio waaimaditamed at 3:1 for the
until the reaqtor%fressure i ncreased to 300 pSiﬁpé 179_
kPRfjre TBBnz &A@l Irsaugh svasHallested dr @qcaldrtrap gdcnaprzed off line.
( Bufihe Yok siBR Y ak B@te%ﬁ%@ b?%%?ﬁirﬁ;fl%ﬁem biREAOAURRA to feed
froma syringe punp at 2.57 cc/hr.” The reactor

t bugeee.at The MEN-42 Mas tordstteam1 50 G. dFsed o2 WHEY/ dllbweee with

n8|6‘%rcorn%ris%n, Sda}ryaait 'Qtea{xﬂféjv av&ithS.S(}—Sg‘%rcotnr\]/grsion, 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.



entire run. Liquid product was collected in a
cold-trap and anal yzed off |ine. Butene conversion was

waledognasned by measuring unreacted butene rel aPCwEP1007/001209
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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 wi t h 80-83% conversi on,"18nd 3 days at 3.2 WHSV

wi th 95% conver si on. Rel ative activity of MCM 49 based
rst-or but en gnver si

Rableo et By B e rao S M MENE 4 i Mjed Bptone Feed a

sec- Butyl benzene Productionggeth MCM 49 and M xed

But ene Feed at 160C Days on Stream 2.3 3.2 5.3 Butene

VHSV, h 1 3.2 9.6 3.2 2-Butene Conv, %96.1 83.0 95.5

| sodryevs Ssam, %97.7 67.2 92. 2.But adi end-2Conv, 9.3

100.Butd@OWBISM)'0 Product Sel ecti.¥ity, wt %6i - C4 0.821

0. 032B{teR@Bofd-%7 0.527 0.503 09683 CB8 args.C12 (butsene

ol i qgmﬁlrgél)a (5’01@,8% 9.732 8.185 Cugene 0.128702 144 0.¢b/

t0 Sgg i, 849 0.849 1. 241Q)0|(§o Butxb@gnzene*jooo

84 =~ Byt ber °00620 0. 068

3591 benzene 5.431 3.878 4. 2730t | -bugg @enzeng 028
1 07 )

9C229 0. 629 Heavies 0. 2180 2082 0 sum 18383
100. 0Cao0 Gr2BertgradigpsiEs)Conposy- 68%n, % O-Bat yl beBASRe
2.179€Conees 1. 441 i so-Butyl benZ&h®¥ 0.000-134010 00023

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 5431 3.878 4.273
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.

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
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.



sec- Butyl benzene 97.749 98. 925 98. 467 n-Butyl benzene
0.073 0.069 0.078 Sum 100.0 100.0 100.0 *

wOo 2@7Bea3yl benzene | ess than 0.5% in total butyPGERR®AT001209
not detectable with GC used. Exanple 2
Sec- Butyl benzene synthesis using MCM 49 at 1300C
[ 0055] The process of Exarrpl'é7'1 was repeated but using
a 2.0 gram sanple of the MCM 49 catal yst used in

th t eact or rature,.bej
T aie e e danc Pl ngé@%?%@%ﬁ?‘i Piltepe,foed at
The catal yst was on stream ¥ 8 days at 0.8 WHSV of
butene wi th 94% 2-butene conversi on, 1 day at 2.4
WBBYSs o Bie®9- 72% conver di on. RE8l ative acthi&ity of 838
\VBMtes® WHS®¥dhon first-or/der b@ene convedsd on was (2-3.
ReBweeytatv, 98 data are [showpan Tabl e 293able 2. 71.3
S eebiehy Cognagne Product(i on wiatgr MCM 49 and M xed 62.9
Fféh?i&?en%%%%va‘? 130C Days on ghggam 4.8 6.09.(3- 8 But gpgo

§) 24 4-Wﬁ—%. 713
sc"%ﬁene—ém%ﬂgtd“ {Sdectivity. wioo ™ o But ad| % 004
0&:*3.100.0 100.0 Product Se |V|ty, Bd;%
b

(O

|

1

06%;AC70004C5C703110289 311C8

( bitsend Cop (bytrmeodigomersdg 7 230. 574 Q]n%‘r?'e o. 3010.574
0. 628nene072 t - But yl benzene 0.04)(3@ 0. 358 (1-02% 0-072

i s¢-BBuylpeirenegene* 0. 000 |0. 000.403000 sec-B3i§/| benzefel2
89.i80Bu3thehZahed6. 167 n- But yl béhfene 0. 0410@) 043 0. 0300

D sbe:Byityltiegizede 2. 290 2.|500 89.3A 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

5 *iso-Butylbenzene less than 0.5% in total butylbenzene 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
10 3 provides a head-to-head comparison to demonstrate this improvement using data
collected at 160°C (Table 1) and data collected 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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Tri - butyl benzene 0.253 0.261 0.222 Heavies 0.027 0.027
0. 040 Sum 100.0 100.0 100.0 Butvl benzene Conposition,

W0ORM078a3y1 benzene 0.449 0.399 0. 245 i so- Butyl breiZEP2b7/001209
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0. 000 0.000 0.000 sec-Butyl benzene 99.502 99. 553

99. 692 n-Butyl benzene 0.049 0.048 0.063 Sum 100.0
100.0 100.0 * iso-Butyl benzek¥ | ess than 0.5%in total
but yl benzene not detectable with GC used. [0056] The

dat a_,i,n,Tahl 1 he I 49 |
e TR
feed with i nproved seRUFEeRIsEREEAW TS el ectivity when

operated at 130C __as compared with operation at 160C.

famperatgtenr ovi des a head{t ol¢88d conf¥¢son tB0°C 130°C
dampersttraate this i nprovenent3using ddda cpl |l etded at 68
BeoocWHSbIhe 1) and data coBlected a32130C (Théle 2) 0.8

AtBueneSanatihe 2- but ene ¢onVA$rlsi on 0f9596% | op&badti ng 957
Ngolmigee GanviB00C vs. 1600C sHolws cl edZ-8advant 44€s: 93.8

Satndisne ¢pebzene sel ectilvi 1190-9 npr ové®P.9 r om 8HKY, t 0100.0
Podductfetecadty, B by- product selectivities
d€er eased. Tabl e 3. Conpari §94l of MORO2® Per f 8PHENCe 0.004
Wistth M xed But ene Feed at DBiS27 er ent 0F38hper at ¥tk 0.289
TeapkCathntene dBGOErs)600C | 130GE8 1300C8M&Ys on BB2&am 27.313
Fupede 8 6. 8 But ene WHSV, h0128. 2 3.0.1278 . 80.23But en@028
CBuylbeg®@6. 1 95.5 96. 3 95. 17.8#8obut eh@4@ony, 094Gy, 7 0.358
9®-Butglerger@3. 8 But adi enge CE8M09 % 100.000 100. 00.00D. 0 0.000
5600B@yPBeydurct Sel ecti vi tly, 827 i - CAR40/3041| 0.892860. 008.177

@-BOoviba@Ber€7 0. 527 0.583 (0. 8062 0. 289.068 0.044 0.043
Di-butylbenzene 5.431 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 wt% 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



C8 and C (butene oligonmers) 7.688 8.186 7.328 7.313
Cunene 0.128 0.127 0.030 0.028 t-Butyl benzene 1.849

WA 2040936403 0. 358 i so-Butyl benzene* 0.000 0. ORPOI/@P0OTV001209
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0. 000 sec-Butyl benzene 82.977 84. 730 89. 306 89.177

n- But yl benzene 0.062 0. 068 0.044 0.043 Di - butyl benzene
5.431 4.273 2.290 2.500 Tri:Hﬁtbeenzene 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 Butyl henzene Conpasiti %

1260 Fiiple g 259 inads IFPTRa= G S5gmple 2 (eictor temperature
| sor Rty beR2eTM-20. QelyD - WAAOo st9&h $or09Q@ays at 0.43 WHSV of
sec- But ¥yl benzene 97. 749 98. 480 99. 502 99.5%3
nbuBertey ik 1948e 2 bulene q@nodtsion. (Rgativeoarsivay mf MOM22dasgl on

100, 0 100.0 * iiso-Butyl hen | t 0,5%.in:
RPrast by Pne RORREIS o Do RStk YR e BV in Table 4,
EremlBicB iSRat Be lsydrbeRT eeeses bty 1B&izend!sd18dividg\dfARe MICM-22
D fferent Tenperature;ﬁi 0057] A 1.0 gram sanpl e of an

Maikalpst imaraved € fropiaboupds ierie dbous Sthivt’e) whyn operatedaat 130°C
extrudat e of, 65 w9 / 35% al um na bi nder cut to
12}5600%%6%/%@?“%}%03%%' used for the al kylation of
benzene with the m e.feed of. I a
accdredy cgmpaopph G iﬁgﬂﬂg@ ViSRS ButerFcd
tenperature of 1600). e ACHIRFEAUNRS s on stream for 6

days_at 1 6 VWHSV of butene with 989 2-hutene
colfvaxEieh, 1 day at 48 V&V w t HO8E clonvd?§ on, 1B0°C
dehjeyaon BrEmVKSY wi th 62% colfver si ord-8 and| f oltowed by* 3
das CWQ}%HFHVHK 16 WHSVI| wi th097% carhf®r silon. 943 43
RebBuesenCari e data are sH8n in T46Pe 4. R&1Ative 952
aclsobureny Conv, CM 22 based GA-3first-82der put he 98.6
cdpmedienedionvwds 0. 5 100.0 100.0 100.0 100.0
Product Selectivity, wt%
i-C,4 0.034 0.027 0.016 0.012
Cs-C4 0.467 0.556 0.464 0.478
Cg and Ci; (butene oligomers) 7.746 7.916 8.211 8.806
Cumene 0.189 0.196 0.048 0.048
t-Butylbenzene 1.521 1.267 0.839 0.613
iso-Butylbenzene* 0.000 0.000 0.000 0.000
sec-Butylbenzene 83.282 83.453 84.228 84.312
n-Butylbenzene 0.055 0.060 0.074 0.079
Di-butylbenzene 5.580 5.465 4,727 4.507
Tri-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 0.071 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
isotypes will behave like MCM-49 and give significantly improved sec-
butylbenzene selectivity when used to alkylate benzene with a Cy4 alkylating agent
under alkylation conditions comprising a temperatlire of about 110°C to about

150°C.



[0058] A 2.3 gram sanple of the same MCM 22 cat al yst

(65 % MCM 22/ 35% al um na bi nder) was used for the
wa@bkwMylgasson of benzene with the m xed but enef eRCiI/BP2007/001209

Exanple 1 and according to the process of Exanple 2

(reactor tenperature of 130C he MCM 22 cat al yst was

on streamfor 4 days at 0.4 V of butene with 94%

2-butene conversion. Relative activity of MCM 22 based

[, st but ene convers 1. .
RO, o RhiTE Ine 0, GORMEHRR i BYER disciivep, g ietpted by
Ifefoférce 1€ pafRilat hahbddi@eseC tHudt Yo enERne Sellemt kthe byt will
of the NCMfZZ catal yst inproved (from about 83 W% to
cApoLACiase) that dhe Whientiop densls digeldtio 13D ens @Qinlwﬁ@anlm Hiystrated

er.ati 160C. m

ARFOR R 5 s el B e AR o8 M sl She appended
5 Tampgrfat purpSseIwaeﬂ'eﬂhiﬁ@ th6 QAE sdPRAE tHes3presehd Gb/entiary. s

on Stream5.79 9.8 1.8 2.8 Butene WHSV, h 1 1.6 1.6

0.43 0.43 2-Butene Cbnv %98.4 96.9 95.9 95.2

| sobut ene Conv, % 96.8 93.7 99.5 98. 6 But adi ene Conv,

% 100.0 100.0 100.0 100.0 Product Selectivity, wt %

i-C4 0.034 0.027 0.016 0.012 C5-C7 0.467 0.556 0.464

0.478 C8 and C 2 (butene oligoners) 7.746 7.916 8.211

8.806 Cunene 0.189 0.196 0.048 0.048 t-Butyl benzene

1.521 1.267 0.839 0.613 iso-Butyl benzene* 0.000 0. 000

0. 000 0. 000 sec-Butyl benzene 83.282 83.453 84. 228

84. 312 n-Butyl benzene 0.055 0.060 0.074 0.079

Di - butyl benzene 5.580 5.465 4.727 4.507

Tri-butyl benzene 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 Butvl benzene Conposition,
% t-Butyl benzene 1.792 1.494 0.985 0.721

w0 s@7Bea3yl benzene* 0. 000 0. 000 0.000 0.000 PCT/EP2007/001209
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sec- Butyl benzene 98. 143 98. 435 98. 928 99. 186
n- But yl benzene 0.064 0.071 0,087 0.093 Sum 100.0 100.0
100.0 100.0 * iso-Butbeenzé%% |l ess than 0.5%in total
but yl benzene not detectable with GC used. [0059] Based
Mabl e information, it is believed that MCM 56

i i sotypes will behave |ike MCM 49 and give
significantly inproved secbutyl benzene selectivity

vfien uge gr(}cgssal tJ61|y | b8ubRHZ&R%UNIbEhARNE R )ﬂrégésg 9comprising

agent under al kyl ation conditiaons conprising

teonreting arfeecoraprising baieEne andbdin alkFaH pooB Ghdehialk@ation
t he present invention has be descr.i.bed and o .

| SoRAioRs (COIRS Mot PEREEIYE QlaPtaubul lrCetoatiehitC with a
t 03t GonfPridimpahy 18ki bhe | Holebfakiev¥iHalvindP R S%ira Riffraction
that” the invention lends itself to variations not

rEatiens andlinging | d-gpacieg evadimaedin 1 2A¢0.25hi G9+@a%04,57¢ASM, and

r r shoul d be nade solely to the appended cl ai ns
f%%ﬁﬁﬁ§g§§%§“%? deternining the true scope of the

present invention.CLAIMS 1. A process for producing
sec- butyl benzene, the Erocess conprising contacting a

feed cHipProsesigobeti@néd, atgrein caidaplk {gagt pPRg) ragjeslar sieve is
{ . 1 Sd rature

I R e R R R SR

at | east one nol ecul ar sieve having an X-ray

diffraction pattern including d-spacing naxi at ) )

12. 40. B PEOCSEs fg,cl%%%owr%&a@. atzhﬁagtwmg%n@?wﬁr sieve 1s

T. FHS _ [ X i ' t | east one
W%Feé’%& ar yg@e@? %gg}é@%kﬁ tr’@r%sqﬁ/fﬁﬁﬁogz, MOM: 49,

MCM 56 and i sotypes thereof. 3. The process of claim
ein said at | east .one. noleqgular sigev

1, wh ' .\
bl ot DR PRoSRISNEAFROPREAE6 e ey saul kadagp copditions

Tgh <0 4 88 Ap&htudYT MHoRE €200t GbsitM 4000 EpR R} :aBout 125°C to
albkyl 1a3t5| 8n condi tions
about °C.

5. The process of any preceding claim, wherein said alkylation conditions
also include a pressure of 7000 kPa or less, and a feed weight hourly space
velocity (WHSV) based on C4 alkylating agent of from about 0.1 to 50 hr'! and a

molar ratio of benzene to C, alkylating agent from about 1 to about 50.

6. The process of any preceding claim, wherein said Cy4 alkylating agent in

(a) 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

C4 stream.



conprise a tenperature of about 120C to about 140C,
preferably about 125C to about 135C. 5. The process of

wa@rgo7p9B6edi ng claim wherein said al kyl ati on PCT/EP2007/001209
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conditions al so include a pressure of 7000 kPa or

| ess, and a feed weight hour|y space velocity (WHSV)
based on C4 al kyl ating agentz%f fromabout 0.1 to 50
hr 1 and a nolar ratio of benzene to C4 al kyl ating
agent from about 1 to about 50. 6. The process of any
preceding claim wherein said C4 al kylating agent in

() COMMY hrd€&ssdfdlA18A8, WHEBREsaid milSECRKRERR s QErivddafroi a
6, wherein said |inear butene conprises 1-butene

it eragkes arudeC, grearheomprisieg the dollew R maor GHenasichts:

said |i I teene.i.s contained in a mxed 4

stream .etg e %b%:eagien%f .claim8, wherein said m xed

C4 strediPi ‘Yfeo/f"i WP GHTSa st eam cracked crude C4

stream i putaR& -l ol | owi ng maj or conponents: 30

to 85 wtl t9lBurtaaibeiee? to 15 wt % C4 acetylenics 1 to

30 wt vBaB3erve-% isobutengs wt %butene-2 0 to 30 w %

i sobut efgo00tvt % @ovhaldbutarenal - but ane 0 to 1w %

i so- but @rte. 1 M % Ehdumnecess of claim 8, wherein said

m xed C4 streamis derived froma raffinate stream

obt ai ned by subj ecti ng a steamcracked crude C4 stream
n

t19. a sbhevpigeessxafrdaimi Bnwherstesad mixedefrp e g ey from a

' [ 11N C [ okl Qwi
Atk Rl obRlldd By yBRERTL AR sRER! WO MR o &
Gélaae ylradionsprdfess otoSmudve Yutadiae:; Iwhideinosasd ruffindbe stream
bc%trn(i)rllieses2 the following major components:

0 to 2 wt % butadiene
0 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 C,4 stream is derived from a
raffinate stream obtained by subjecting a steam-cracked crude C4 stream to a
hydrogenation process to remove butadiene, wherein said raffinate stream
comprises the following major components:

Oto 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 8, wherein said mixed C, stream is derived from a
raffinate stream obtained by subjecting a steam-cracked crude C; 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:
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stream obt ai ned by subjecting a steamcracked crude C4
streamto a hydrogenati on prgcess to renove butadi ene,
wherein said raffinate stregm conprises the foll ow ng
maj or components: OGto 2 w % butadiene 0 to 0.5 wt %
C4 acetylenics, 0. t.0 95 wt % butene- 1 0 to 20 wt %
butenebéogzﬁ%t ég’ut '9i sobutene 0 to 10 wt %

nor mal 948 gtgf;(; aGRlYIeBICY so- but ane. 12. The process
of cl &riP8’> WhérBHteneshi d ni xed C4 streamis derived

fr om d51taf4Q whVebueneedm obt ai ned by subj ecting a

st eam OrtacRed %nsebute@4 streamto a sol vent extraction
pr oces$ toSS5verfowmerrhaittadarene and to a i so- but ene
renovalp tpr 0ea9s isodheasd.n sai d raffinate stream
conprises the followi ng maj or conponents:0 to 1wt %
butadiene 0 to 0.5 wt % C4 acetylenics 25 to 75 wt %
Hdt enélhe precess of@laim 34 whereinesaid mixesd G4 wireas iis deyijcdnigom a

0 5 % nEr mal « ne. %. S0+ e
gl PO P YL Al S0 iy o
ihydebgehate grocdss do kahbvalaitadisis saimoobisainaeheemoval process,

subj ecting a steamcracked crude C4 streamto a
heren eddtaidnalssgeancomprisesibe ol IAG MMRT COmPongnty:

i so- butoqgelrv@t%\{)g{aﬁ&rn cess, wherein said raffinate

stream GORRS | S8Sch agetyI%HcQWi ng maj or comnponents:
75 to 95 wt % butene-1
0to 20wt % butene-2
Oto 5 wt% isobutene
0to 10wt % normal-butane
0to 2 wt % iso-butane.

14. The process of claim 8, wherein said mixed Cy4 stream is a refinery mixed

butane/butene stream.

15.  The process of claim 14, wherein said refinery mixed butane/butene
stream comprises the following major components:

Propylene - 0-2 wt%

Propane - 0-2 wt%

Butadiene - 0-5 wt%

Butene-1 - 5-20 wt%

Butene-2 - 10-50 wt%
Isobutene - 5-25 wt%

Iso-butane - 10-45 wt%
N-butane - 5-25 wt%

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.

17.  The process of claim 16, wherein said Cy4 fraction comprises the following

major components:



Oto Iwm %butadiene 0 to 0.5 wt % C4 acetylenics 75
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i so-butane. 14. The process of claim@8, wherein said

mxed C4 streamis a refinery m xed butane/butene

stream 15. The process of t©d™aim 14, wherein said

refi nery m xed but ane/ but ene stream conprises the

foll ovm nents Propylene - 0-2 wt%

Pr opan %ﬁ Hiene - 0-5 wt % Butene-1 - 5-20
wt % BuldAels Wt ?S’@ag\i%lsobutene - 5-25 wt %

| so- buldpel Wl%flblga B% N-but ane - 5-25 wt % 16. The

pr ocedd tof 4@ mdi%batengtler ein said mixed C4 streamis

deri ve0 for 8w Yebufene@t i on obt ai ned from an oxygenate

to ol eflita ¢Omtés sdobutepe ocess. 17. The process of claim

16, whertgi m0saiod nbrhalaat isobuc@epri ses the fol |l ow ng

maj or conmponents:0 to 1 w % propylene 0 to 0.5 w %

propane O to 1 wt % butadi ene 10 to 40 wt % but ene-|

98. t 0 B& mwocessmft daien B, Ovherein Gaigk myxads Ol streara is produced by

combining a plurality of olefinic C4 hydrocarbons or mixtures thereof.

19. The process of any one of claims 8 to 18, wherein said mixed Cy4 stream is
subjected to at least one of sulfur removal, nitrogen removal, oxygenate removal,

butadiene removal and isobutene removal prior to the contacting (a).

20. The process of any preceding claim, wherein the feed in (a) 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 any preceding claim, wherein said contacting is conducted

under at least partial liquid phase conditions.

22. The process of any preceding claim, 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.

23.  The process of claim 22, wherein the transalkylation catalyst comprises a
molecular sieve selected from zeolite beta, mordenite, USY, MCM-22, PSH-3,
SSzZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and

mixtures thereof.

24. A process for producing phenol and methyl ethyl ketone, the process

comprising producing sec-butylbenzene by the process of any preceding claim,
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m xtures thereof. 19. The process of any one of clains

8 to 18, wherein said m xed streamis subjected to

at | east one of sulfur renoVval", nitrogen renoval,
oxygenat e renoval, butadi ene renoval and isobutene

rempval prior . to.the contactin .. 20, The progess
S RecRith etars R uts 4 RharoBlipnd o "6Eng e
AARIpefkEdto prédfck phBfol@hd hiethyl @1 kédfie. 1000 ppm
water, (ii) l'ess than 100 ppmsulfur and (iii) |ess
than 10 ppm nitrogen. 21. The process of any preceding
claim wherein said contacting is conducted under at

| east partial liquid phase conditions. 22. The process
of any preceding claim wherein said contacting al so
produces pol ybutyl benzenes and the process further
conprises contacting said pol ybutyl benzenes with
benzene in the presence of a transal kyl ati on catal yst
to produce sec-butyl benzene. 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, MCm 22, PSH 3, SSZ-25, ERB-1, ITQI, ITQ 2,

MCM 36, MCM 49, MCM 56, UZM 8, and m xtures thereof.
24. A process for produci ng phenol and nethyl ethyl

ket one, the process conprising producing

sec- butyl benzene by the process of any preceding

cl ai m oxi di zi ng the sec-butyl benzene to produce a
hydr oper oxi de, and cl eavi ng the hydroperoxide to
produce phenol and nethyl ethyl ketone.



