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

w@e@cessei or co- produci ng phenol and net hyl etbkgi/EP2007/001210
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ket one. BACKGROUND [ 0002] Phenol and nethyl ethyl
ketone are inportant products$-in the chem ca
i ndustry. For exanple, phenol is useful in the
production of phenolic resins, bisphenol A
e- capr ol act RROGESSIRKORARODAIGING PHHENOT, AN
pl astici zers, wher _ h et one can be used
as a |lacquer, a séﬁﬁ*@%ﬁ%@ﬁg of
| ubricating oils. [0003] The nobst comon route for the
production of nethyl ethyl ketone is by
ddELd ogenati on of sec-butyl alcohol (SBA), with the
al cohol bei ng produced by the acid-catal yzed hydration
Réﬂﬁ#tenﬁﬁ. For exan? conmer ci al scal e SBA

act GPEPISTEN ARYAITIEN THRLEHIR § PEIFESSAOF FoPEPusinecpheaphand
hashiealy &eepep! i shed for many years via gas/liquid
extracti'on. [0004] Currently, the nbst common route
for the production of phenol is the Hock process. This

[ &Ein) €P. process in which the first step

[ | ation of benzene with propylene to

POGURYCE PRUFBNEd MetHyPues Ritofxhd &iﬁipeﬁarﬁfprémﬁ:tscﬁﬂﬁg %hérﬁlcal
t he correspondi ng hydroperoxi de and then cl eavage of

indsiy.dr bpesrowinde phenpl wu@fsfulequthmpla)ﬂu@tmunf sh@iohc resins,

d
GRG0 L AR RR S, PRy YRR o B r gnercas

hretla;d Cbthylomztoﬁeh arC ©6tusedl apr:dDMelyede ar &ivdni \éﬂdt for tdedtaxing of
for butenes is likely to increase, due to a developlng
URROY propyl ene. Thus, a process that uses
es
IOUBISS HSh R Bl ML 0P BB R0BL B RRone
aytdehypdrogenatibt of nat-bwtgl alootie (SBA)hwithrie aﬂcbhcﬂrbeﬁfg produced
henol and net hy

ﬁéfﬁ@‘?m GAERRD A b diabet SW@EQQEF yexgnwéwam%man Sq@EffeSBA

Gk fR1UPE BS $edchoMVBE BhtyReE vk YiRSRZRNEhAsH R a8l ARHihed for
obt ai n sec-butyl benzene hydroperoxide and the peroxide

ey Ypys etk gas/liamid edeicieniphenol  and nethyl et hyl
e. e f such a s IS Scr b
@@g@g 1f§@£§§®£ﬁ§l§é%f§g§ﬂgﬁ oce§s g%W' ¥ﬁ§%5p35ﬂw

Nock 4x2Bceant | Thiedis 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 co-produces methyl ethyl ketone rather than acetone may
be an attractive alternative route to the production of phenol.

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

sec-butylbenzene hydroperoxide and the peroxide decomposed to the desired



"Phenol ", published by the Stanford Research Institute
i n Decenber 1977. [0006] Sec-butyl benzene can be
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acid catalyst. The chem stry is very simlar to

et hyl benzene and cunene proddetion. However, as the
carbon nunber of the al kyl ati ng agent increases, the
number of product isomers also increases. For exanple,
dthepelbanszmathyh athyb ketone o ey ovepyigyyd fhagh arpropess is described in

i S n pr | benzene) . . and but x| benzene. .
T g1 A ORRE 2BTi2sIPpEBYOcRE AE0RmicR kRt KoL e
F@hessIt, fubliyhdAetizme Strerd Redsk 26k Inistituts il DB 97D
mnimze n-, iso-, t-butylbenzene, and phenyl but enes

90l oduSec-buihanzens. camdseprodycest buuelkslating feesrend yith n-
SO ave~hoilin ol hts veny. cl to
SO DY L ARE Sl CnBE Lo AP s Db 0 € fRfabene anc
fduatens gaoduttiphberdewevddy adlitlsd tdrbad indmbes ®F th@bliglating agent
bel ow). Butyl benzene Boiling Point, Ct-Butyl benzene
1Bgepsenytthe banplaie of 7arodudy ispmseh z4se imgrgases.  For example,

0 ve j
R RO Pt A By lRheEhaq A€ el SHERRE and n-
tpepydbértahe)prandf basdbdauénd hanzfene itemébe(cprisespeadi agl t-
droperoxi de, a necessary next step far the L
%&68&% : gforn%ewrﬁeﬁr}me REQIBEOMa IS JRWABANL tpHpjnimize n-,
fiof. ioab.pradugct d i tec i By 6Fddli - Jraxi .
R L R s e L
produstss . espOOA] idabutpithenzama, have thoillgly pemtsbutyl blese dgnesec-
I ction can,be maximzed by usin ure n- ene
PLBbSIERT SHRoupianrt puTEp by Srarde diHomecubiten by
feeiBtios b tase E@B{Vb_nat e-2. Atypical Raffinate-2
cont ai ns 0-1% but - 5% 1iso ! Ith this
i ncreased i sobut enButylbenrnef eed, aBeiliga&pintty (pr oduct
make i s expected, tButytbehzaricher increadé$ the
i nportance of the isBatylhehydeenzene sel agdtivity of the
process. [0009] US-Batyssunzdde 4, 891, 4587di scl oses a

process for the alkpudiibgnresf an aromatigg hydrocar bon

whi ch conprises contacting a stoichionetric excess of
t[AQ07] oreover, 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. Thus, for commercial production, it is critical to maximize the sec-
butylbenzene selectivity of the alkylation process.

[0008] In addition, 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% 1sobutene. With this increased isobutene in the feed, a higher by-product
make 1s expected, which further increases the importance of the sec-butylbenzene
selectivity of the process.

[0009] US Patent No. 4,891,458 discloses a process for the alkylation of an
aromatic hydrocarbon which comprises contacting a stoichiometric excess of the

aromatic hydrocarbon with a C; to Cy4 olefin under at least partial liquid phase



aromati c hydrocarbon with a Cto C4 olefin under at
| east partial liquid phaseconditions and in the
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addition, it is knowm from for exanple, U S. Patent

No. 4,992,606 that MCM 22 is-3an effective catal yst for

al kyl ati on of aromatic conpounds, such as benzene,

wi th al kyl ati ng agents, such as olefins, having from1

t congliteoens laod irathepeeseues ofa vdtalgstrcantgpeisofg Zeehitedrett Unesldition, it

B Yoot SR 05 s SO N R P s o

| E¥fdetiPe cERAIRDfolNPIk la%of%?o]f ﬁ&ﬂaﬁ@@oﬁ é@r?dsogébhbkg bWIRHE with

the zeolites are Pespect Ively.
[ @Ryleling agents, sheh es nb':tﬁmnhdvm@frbrm attd Sncaoon atoms over a wide

PCT/ EP2005/ O 855 05 o
BRET PEPSNRY GOPLALSR! piCo fbiour 59070y Bt e abput 50°C
a4l 3LNY30°€! IBiilkeHREBsurkd SreRbARARY IR VB! PaLMNJIs2),371,310
contacting a feed conprising benzene and a C4

aAikyd, 337,94 iy evherqtheeeo ek gieaVChir 40 andiM C¥h86 wispéctively.

t e .beta a
RPN S B Bl uRRE (R el et ez sy, med
s&ag3ub yrdosn#emave &scribéd gh Aitepgated 9ro%@§}s'fbklfu\ﬂdb@1ﬂg ®Renol and
Wa&roduce a hydroperoxide; and then (c) cleaving the

¥b éﬂlcyk.k&@nﬁot hisr BEAGETS pBPIBIING L)) pentpgfinges Hyed comprising
t t t
(B0 5, 0 AR08, SR ROABF ol 5
Aummmmmzetorbxte betaporesre MCMAYE fdrhibn zeolite hasprodwe iesalkylation
f%ﬂnd that the oxi %atl on of s bu.tyl,benﬁene is
dHtent] RN ey ULUBTE G o emudlgie the Sec-bitylbenzene to
bRt ¥ I ?@%@ﬂﬁ‘(ld@ Jnlaethgﬁqg)u cté'é%ngltﬁe Hﬁr&ﬂeﬂh&&et tEpidduce

olefins that tend to be as a result of
crdwpelt andgmethiyhetiet ketang. offhc é’acztlkxbatmgt dgEnt coche awlnend butene

b S act ed acid catal yst under
t:é{i l}%snﬁgfgﬁ il g nlgl llnf'te s al so been found that the

p[IOOIJcht | dRcoiditd &S ehedbRket Bl EPRAEHShasS bW BeRASBENIMIRR the
a m xed butene feed, such as Raffi nate-1 or

resndationt L soc-butylbetpngsist srasitine A1okyordy i ipgpuiybenzene and tert-
%\2 {19 Bk %ﬂ??@g Pc?ﬁlg @E&PB ﬁﬁpfha't {‘%18% Ibgiélroduced

resides In a procé or pr eno
etshyteskle bb e, cdrinmetmgomi@mmnmxm mantg()ns(th)t a@nt adich Dytene is

benzen d a fin al kyl at.i.on conditionps
SRR 7 edd rBiot e AT FORUEGTI § 86 11 been found

RhSOUE HrédhcAbk f Qhés‘é”olgifiﬁ |0H§&Bel‘§qgnﬁér§és@g when a mixed butene
sec- butyl benzene and C8+ ol éfins; (b) treating said

fb¢d, geoit astRaffisaladeon Ruffiaatotnis wwkd salhe 3tk yhtrdg agentind

SUMMARY
{0012] In one aspect, the present invention resides in a process for producing
phenol and methyl ethyl ketone, the process comprising:

(a) contacting benzene and a C; olefin under alkylation conditions and
in the presence of an alkylation catalyst to produce an alkylation effluent
comprising sec-butylbenzene and Cs+ olefins;

(b) treating said effluent to reduce the amount of said Cg+ olefins and

produce a treated effluent;



produce a treated effluent;(c) oxidizing the
sec- butyl benzene in said treated effluent to produce a

wogaropssoxi de; and (d) cl eaving the hydroper oRCTHEPIOTON1210
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(c) to produce phenol and nmethyl ethyl ketone. [0013]

Preferably, the treating (b)-4ncludes a chem cal

treatnment, such as olefin oligonerization, selective

reduction, selective oxidation, esterification, and

t he ad@)ti ooexidizingethe secabutytbenzenslinfaiddreated edfluent to produce a
@r nat i. n taer eof. [0014] In one enbodi nent, the

ch&, 5?%%?" ises at | east one nol ecul ar sieve of the

am ¢1¥avik® theatydeserdxidd HSmr?r actﬂoﬂﬁcébﬁéh%l @hd methyl

the 22fam|y has an X-ray dif ion pattern
i eyl kgtong. d- spacr ng maxima at 12.40.25, 6.90. 15,

07 tlhy
J0PCH,P 2Pty JeebRP ) ARt Bsiabgtmens, sueh o
SﬁZﬁxﬂShg(ﬁﬁ@ldatlohTﬁidcnvé FéudtioMsMedfive M}Mbﬂ&n eMeNlieftion, and

UZM 8, .and m xtures thereof. Preferably, t he nol ecul ar

dheedditien eEhaseroatentste plafims: ora covtNpaten tmepsa an d
C{ﬁngﬁpeS Iﬁ QI? Sggodllrgggenegﬁ?gﬁrc%& s?s ell'}ileasg Iﬁlé) ecular sieve

I Ses a I near r ex

aJ’fdl’leDMCZ‘v/Itﬂﬂ ﬁﬁﬁly |Conwegicailf ol ﬂiB[chlaS gietle bf RVICHUDE Fignily
i.s contained.in a mxed C4 stream which is subjected

1S o0 15 GFEChen sArieE 1nlpdipg| d-spaaing geximenal di2;4+0.25,
Q?(gﬂ?f‘@tﬁfi%r@vzﬂ{d’ Bstegh 9\'}‘1 sthﬁHDY')%lnv@gnﬂ ?lkPé"{nI%fk%ular sieve

removal’ prior to t e contac
gsii sdlenied efioi@4 MEvIe20n PSHE, MiﬁjaEkBll o]T@leTQr—I;aMCM 36,

SFEFTP ok, DAKF BB o Bl offelthyatis pnolecula

P ITs era}a@rﬁor%%@M@zmwwmww&dﬁ%’&yﬁés thersr a

feed wei ght hourly space velocity (WHSV) based on C
a[DQWatr gefergelm ﬂéﬁ 4rQiﬁﬁlal§QwHSe81atlmeEObhten§, foarmrample 1-

tene f.r qm ab
, er a lﬁ{/ at o %Igbo iias ff)'d Iﬁﬁﬁg‘]“e?fhl byt in o
emﬂae@l I(]Imteamsarhd:hC@ I’Huaﬁbteﬁgo(zﬁ)leas‘é oo dusltfad réiﬁ@k&ﬂ Aitrogen
| east partl al liquid phase conditions. [0018] In one

SRBBYR neRYgenalgi Tamar Rl Pafadte PmPy@nndpisekiiersyramp vk prior to
GREMRbA I QP ) YbéBMv&?Q%Sn%idaﬁg(ut 4 REOGRSS o R&%dh%re-l or a

conpri ses contacting sai'd poly benzenes ‘Wi t
Ferizeate-2istreathe presence of a transal kyl ation catal yst

[801 6] Conveniently, said alkylation conditions also include a temperature of
from about 60°C to about 260°C, a pressure of 7000 kPa or less, a feed weight
hourly space velocity (WHSV) based on C, alkylating agent of from about 0.1 to
50 hr'', and molar ratio of benzene to butene from about 1 to about 50, preferably
about 2 to about10.

[0017] In one embodiment, said contacting (a) is conducted under at least
partial liquid phase conditions.

[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,



produce sec-butyl benzene. Conveniently, the
transal kyl ati on catal yst conprises a nol ecul ar sieve

wa g9 from zeolite beta, nordenite, USY, M3INF/EP2007/001210
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PSH 3, SSZ- 25, ERB-1, ITQ I, ITQ 2, MM 36, MM 49,
MCM 56, UZM 8, and m xtures fshereof. [0019]
Conveniently, the oxidizing (b) is conducted in the
presence of a catal yst, such as a catal yst sel ected
fSSﬁfiZﬁ,i ER&A1,0XBQ{1hyldi@R0)MOM-36,e MENit- 4R NMEI M 56, MBZM-8, and
X, co rlsing manganese, (ii) an oxo (hydroxo)
% anucl ear netal conplex having a m xed
bR com anéntlEtik @Jdm r | gl
mst aI o etr:lyed flrgp(;m 5 idi @ (H? 8 éb%'dﬁ&e@ il fﬁg fiRlence of a
reiated yat.emich hea@@tralyaheblmu«zd frem (n)emxbxob(éuyd@xa) bridgeall tetnanuclear
ected f.r.omln,
TRepLeFRPIER ermpRwenss: Elibecre bugtRg PrdeedEanuctear
ehétheéonaplenBadin 'ar}ni:xléG ¥t ASBRE Hnemdall dfahe tLi elg a divalent
initiator, and v) NN N-trlhydroxyl socyanuric acid
ahethkseledtesh &ooy nn Qun & ep Fes dhc Mmﬁnda nfix@eesr theieofiland another

L4 R SRS b FRh 0T s

Cthardd)IZ (iNY afy kN -hid@rok P BabkEitiRed élicll% ideP&HRtE dloRe OF u@ﬂﬁ-tﬁresence
70C to about 200C and a gr essure of about 0.5 to about

20 adfspoapial iadiaigoand(izhydN RPaYyihyfoezEpc@snte nménanuhyr alone
td?efn Qlllee??ékéﬁz} ()‘f)a frffc‘e ﬁgf&g}lﬁ{l ?2901[ nﬁlt &Fe Qﬁgg'cﬁm%gt ?he gx1dlzat10n

catal ys st can onogeneous of
hetadaysOg;enlmDmngbad; yaiﬁlystln one errbodl ment, the

B i e e ek bl ag o S & bou

t
o orcamesit sl bl Ut

12080 kBahour | y space vel ocity (LHSV) based on t he

per pxi de.of. ahput . 0. about
HOLTF or PP IR g, Bl FoRonduSiidoln the gresencd of
Rydiyee ampe kaaOP oSt bé QMhdRd deh BshisVdrt Hﬂtﬁog&eeﬁs catalyst. In one
sec- hutyl benzene and conprising at |east 95 wm %

setpdinsmsdhe sxfalysing adomagenaue cgtpmSwuclpaSeemfpab pgids0
JQOW%EO PEB: Whien®! B{ét cq‘%;'aqr {cﬁ ér‘?c&;c?erde & %ml%ratt?re oq’ about

sitiron conprises

14980 ub \Wbben rX0?€, ansteisard oDuborlt bl@[)Zt@%ouf Q@@G’rkPé\Sarﬂﬁﬁdlquld
herein the term C8+ olefin nmeans any ol efin containin

oprly #prcs redaany{ LAt Omsbard pr thebrdwopaoadet abpgt 0.1 to about
PHOV-NGS
[0023] In a further aspect, the invention resides in a hydrocarbon composition
boiling within 5°C of sec-butylbenzene and comprising at least 95 wt% sec-
butylbenzene and 20 to 1000 ppm wt, preferably 50 to 500 ppm wt, of butene
oligomers.  Preferably, said composition comprises less than 0.5 wt% of
isobutylbenzene and tert-butylbenzene.
[0024] As used herein the term Cgt olefin means any olefin containing 8 or

more carbon atoms.



[0025] Figure 1 is a chart conparing the degree of
conversion obtained in the oxidation process of

weEz@mpdset using a comrercially avail able PCT/EP2007/001210
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sec- butyl benzene sanpl e and using the sec-butyl benzene
products of Exanples 1, 2 (wéth 2-butene) and 3,4
(with Raffinate-2). [0026] Figure 2 is a graph
conparing the degree of conversion obtained in the

BRUEKF DES GRIREEN A F EBHHEBIRA WIN_GS]g a commercially

abl e.sec- hutyl benzene .sa and usi ng the_sane
RS L SRS 13 R eRacas (TR eer Rl oBNasioh Giiet in the
kBkl&’dtﬁ)h'ﬂrb@ésb BF Eﬁﬁmf)ﬁ% Qéiﬁ§ Q%oﬁﬁﬁé}&gﬁf' SvaRibad %dodh{)lbenzene

Exanpl e 5. 27] Figure 37is a chart” conparing t
di@glpéfearuf umﬂlersscbntydimnaeanﬂoducts bEExamplas i oh (witlo @dssene)

I | abl
aog T PHEBATRE D2l  and usi ng ¢ he-unt  eat ed
5{6026]‘“ YIFR&eRZ eRea BEHRUGI %ﬁﬁﬂ@@ﬁée@ﬁ chnvé&siofidbkhined in the

2-butene) and 3,4 (with ffinate-2) and the treated
syed%@nmr@@w eﬁéxgnp@ukusng a@mnmamplhegvalabbz get-butylbenzene

SRRl BRI < B AT TG B bABAELY GHotons produced
ﬂfy&ﬂaﬂldﬂ@nﬁwMlﬂéxﬁ&ﬂ?g@ﬁﬁr%btﬂhgd/iﬂidﬂﬂ)l@SnZene with a
C4 al kyl ating agent, such as a linear butene, and then
d80%8r t i Rigursd isachasticompenngthe degregindsonvessign ebtainad in the
I
S5 05 o TG P LB UL by
csamphzspmd]dlsmg thydrmr&etredme%u@m&nfz&w peddeay fiogh lFJSlemples 1, 2

res peroxi de to_produce the desired phe

R tgAmeLng | 3 ot te, RATBbHOR) | 4ndo e TEaPar seoyyloenzene
wym@ £6mirkaRpse® @Mt he di scovery that the oxidation
step to convert the sec-butyl benzene to the

correspondi ng hydroperoxide is highly sensitive to

m@—%&gﬁﬁﬁ&&&?ﬁ -IIFUI%‘JIUI,B[IC Q%Eé}ﬁ gt |S on

- peszgjcul Tné Ypréwht dhvenkbn Ok ARIRIIS to RAPBCBA fdrnﬁroﬁﬁélﬂg Ssec-

very close to that of sec-butyl benzene and hence can

oty Ibnzera by [afkydat g bangenss Wi %Ckyll@t‘ﬂqt@ﬁ PRt ueh apy linear
%‘u?’e.tnhl lar% 'tﬁ’é}f JM?U:H%@ Eé?cblﬁﬂ&nbgﬂ%ﬁgt eﬁﬁggﬁ%tg?ethyl ethyl

obvi ate or duce tHis pro Yy subj
&letopkeat iThn m‘nfvbnsmmt 1rtw»1\aast mﬁ&ﬂhyenildlzm’igfﬂ% abd-puglbenzene to
tr eat nent, reduce fhe | evel of butene

Che@&%@ﬂ? CATETRONging) Eéﬂﬁopewmec anflytheg pleagingniie respiting
PR AaRb ik 18, oy o PG 1

[0029] In particular, the invention is based on the discovery that the oxidation
step to convert the sec-butylbenzene to the corresponding hydroperoxide is highly
sensitive to presence of butene oligomers in the alkylation effluent. Moreover,
certain butene oligomers, particularly certain C,, oligomers, have boiling points
very close to that of sec-butylbenzene and hence can not be readily separated from
alkylation effluent by distillation. Thus the present invention seeks to obviate or
reduce this problem by subjecting the alkylation effluent to a treatment, preferably
a chemical treatment, to reduce the level of butene oligomers in the effluent,

typically to less than 1 wt %, preferably less than 0.7 wt%, and most preferably
less than 0.5 wt%.



[ 0030] The benzene enployed in the alkylation step to
produce secbutyl benzene can be any comercially
war@iogdsbz benzene feed, but preferably the beP@BEER200AB01210
a purity level of at least 99 wt % [0031] The
al kyl ati ng agent can be any glefin, particularly any
nmonool efin, having 4 carbon atons and preferably is a
| i near butene, such as butene-1 and/or butene-2. The
aBénzent Adkylatjemt can al so be an olefinic C4
carhon m xture such as cap be obtai ned by steam
Zﬁﬁﬁi ingbfglﬁ g?‘??&ﬁ%, egplayahein Jhe apkyl2lios HeRy Po; greduce sec-
b&B2ne €4 BL Yhi ) i 204 bly t
DR S8 8 X ot ARARSRLARNDLYER 08 0L ity e
shenhergshagmtpuaitioleyel af dt deastr 90Wehi ns. [ 0032] For
le, .the fqllow ng C hydrocarbgn m xtures are
> gﬁﬁgﬁm | ﬁs\ﬂélfﬁatmgeagwt efﬁﬁee%qyn%lp mePﬁiT‘%‘ij?ﬁb agy gagpoolefin,
Hafile Barbbn RIREVESR Plefirhtl$ s @ IMEMdRuSIE ARICLAGIEEE-1 and/
bljlt g}r%e s?regm Rarf f gllaet er- 1§(1%Ee product o\?&remal ﬁllgengan or
dfutene-% o Mhe ralk ydatingaageand waw rlshyier aig eledinicoq, hydmoearbue mixture
but adi ene. from.t he crude steam cracked butene stre
AR B8 AT R BTt hE SSPB et B Py PAFRR. PR QPG and
Afghp Haptth AN EatalRtlc CFRRINITHapRAM AFothEMUERNSY F8Mstocks and by
cracked butene stream). Generally, these stieans have
10 conpersioniod asysganetesnsuchas meilying ], tatayes olefidiscat ed in

T A Tabl 0033] her refinery mxed C4
390 o, P8 Bhurnd e Qo] o sk Ttk 36K erat
afvaitapb i agy aefingt feiplowhi e toekiag a6 ksodickmilemtd; ¥ crude
have the foll owi ng conpaosition; Propylene - 0-2 wt%
Pigpuffackedobuteng sfaam. deafipate-1 @hapipdystmftremaining afterxglvent
e < ; 9 e 9%
P ne gt Wb P Bulag i dte il sigamgracked
15 ropthnecaeopafid Reffimns? @the pirobdtt fanprininpgafienrenerval onbwhdiene

) th [, t | ef
SRR o0 S50l MU sch LS, shLbt et s

Qtréaké Bave compositions within the weight ranges indicated in Table A below.

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

20 [0033] Other refinery mixed C, streams, such as those obtained by catalytic
cracking of naphthas and other refinery feedstocks, typically have the following

composition:



Propane - 0-0.5 wt % Butadi ene - 0-1 w % Butene-1 -
10-40 Wt % Butene-2 - 50-85 wt % | sobutene - 0-10 wt % N

WG0-2003093362 ane- 0- 10 wt % [ 0035] Any one or any PERER2087/001210
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of the above C4 hydrocarbon m xtures can be used in

the process of the invention8-1n addition to |inear

but enes and butanes, these m xtures typically contain
conmponents, such as isobutene and butadi ene, which can
be del et er i Bopyleaet he- Br2ow6s of the invention. For
exanpl e, thBropameral alRy@2wt?hon products of isobutene

w th benzenButadentert - 0utwi%henzene and i sobutyl benzene
whi ch, as pReh@us!y stapeg, act as inhibitors to the
subsequent pwkgtat i on s{®py wibhus, prior to the

al kyl ati on géenect heses st xkaqres preferably are

subj ected tgobhadi enejggpal and i sobutene renoval .

For exanpl en-bh@agbut enessagpe renoved by sel ective

di meri zation or reaction with nethanol to produce

MIBE, whereas butadi ene can be renoved by extraction
d0034l ecCs \hs'dtofdlb@gefrm:tibnm obtainbd tieme thelcony8BRH] ofl axygenates,
addi tion.to ot he roocar bon ¢ nents,_ conmerci al
Ak %WS@‘&P%‘@FP lr‘hW)?f Ee S (Y Eyé’l"{awg‘éﬁ? therfolleyme composition:
i mpurities mipgiengoul doheydet r| mental to the

al kyl ation @oe6RSS. FO§- 08¢ refinery C4
hydr ocar bong & 51%@5 ty@l qgf y contain nitrogen and

sul fur i npug Ll e e{(t; hydr ocar bon streans

obt ai ned by ox%(eggnate (g %/ J on process typically
contain unr oxyg% 7and wat er . Thus, prior to

t he al kyl at’f "s“tep, T i xt ur es may al so be
subj ected tR- bise- Q}Fa%pel(bwtéul fur renoval, nitrogen
renoval and oxygenaterenoval, in addltlon to butadi ene

(AR, 05 0P 15, LRl BETRE Bl e con v

efst@at de rpcesofthe invenribh.nah iadditioh 6alirht Bufeh@iMERitanes,
\r/\{gt er _washi ng d| stillation, adsorption, using
FSE By .tm}%aé YafRIEP SASHRONSHE. §‘§5‘a?satspbhtenﬁl\ﬂﬂérbult?éhene

alKith EM&@QI&%HB@%WHQ méeé'%dosf{fﬁ VeRtiod. O@ff@xa@l'p‘é?ﬂ#%mal
not preferre it 1s aso pOSSI e to enploy a " mxture
ofkydaton atddyttatcbﬁwgsobgtem witts beezme| :tredteakinuﬁbemde GBd iso-
%luk(%llaeantzlerrl]eg w%qc%r,]tds Srl'flz(\:fpouaﬁ/ EtateHylact as inhibitors to the subsequent
oxidation step. Thus, prior to the alkylation step, these mixtures preferably are
subjected to butadiene removal and isobutene removal. For example, isobutene
can be removed by selective dimerization or reaction with methanol to produce
MTBE, whereas butadiene can be removed by extraction or selective
hydrogenation to butene-1.

[0036] In addition to other hydrocarbon components, commercial Cg4
hydrocarbon mixtures typically contain other impurities which could be
detrimental to the alkylation process. For example, refinery C,; hydrocarbon
streams typically contain nitrogen and sulfur impurities, whereas C,; hydrocarbon
streams obtained by oxygenate conversion process 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



as the alkylating agent in the alkylation step of the
i nvention so that the al kyl ati on step produces a

WOoror9B6enf cunene and sec-butyl benzene. The rRPSYEP2NAT/001210
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m xture can then be processed through oxidation and

cl eavage, to make a m xture ® acetone and MEK, al ong
with phenol, preferably where the nolar ratio of

acetone to phenol is 0.5:1, to match the demand of
bfeQMé]n@n afditiop da dritastiene] @@8@}:\1 @aﬂnmbutene Irgmowﬂe Rahatal of

Sﬁ@ to. ;he a%k Iat on st%%iof the ent ﬁf ion

SR RUrOBER s OXFEEHAEo HBPIRS By ERAY 1e|n ¥s® 1’% pone or a

PRImbihRIone s eRlsHc | testmbmtaryat@OwRmg, VSl atiohN adsorption usmg

addition, the total feed typically contalns iessr?

100lepway sigvesiandéor mesebranmsepa@dtiopmW dterris aksa rmheallmmoved by

t g pm sul fur and less than 10 ppm such as |ess
orpjio :

t ppm for exanple less than 0.1 ppm nitrogen.

[ [@03?]] Thathally hat preferfedt aliy also Ppo&sble o Ehpldyf @ﬁﬁi‘ﬁxrc of a Cy
process is a crystalline nolecular sieve of the MCM 22

fadkylpyng geat.tasrdeseniierh abpve.cand| §s %y@tlnamgeqt0$uch as propylene,

teﬁ’é{h%@%&ﬂ% g%}ﬁ )} ﬁé}(}fﬁ%gé? oflhe mveen %Hlsgrlygtltg%glkglfation
usqdprodtedsry mhmaieuﬁecsmmme a0 sﬁD—fb&ty(Iﬁenzer[Bﬂ ERdlteiltant mixture

S|ewg de froma conmmon first de%ree cr stalllne
3P| ™ PeoP9esssthithrough joxidgtiog randneleavage, tonaake e nire of

fA-RRWAAK MR zil@l‘i’%’)wnﬁl%\I +11t, %?(%rllalflgévl%rrlé BRthétar ratio of acetone

arrangenent of
tthipbendiin@n g, cnmlatch phe derdasof HighehbleA prydicebn.

tur Such crystal structur e di scussed in
B | Sonsimioutt e erdrdsibr R Fypakmates ¥¢p aai b desent
3R0ehtioh rt%nﬁﬁﬁs' Fe% FARtRAY i, Vﬂﬂbﬁ: t&s 'le%s HtREP5HO E)B1tne ForSkample
ref erence nol ecul ar sieves made froma como

dessdhen de¢pee. M‘tqrdﬂngﬁdldlt@@k theptetah decd Ipuriahe m:gnt@malless than
i 0pQ nit, cells
F100r g ST E SR SERNCRE RIS i 88, SUur and s

phaaf &0 pfthysueh @s essithah 1c;qjd1 fohexdais fess tmloepy;brar nitrogen.
ves made fraom comon second degree buil di ng
HP s, b@hﬁgﬁ“f)é%‘rns%tﬁIYéhéS%ir itbla%e PESSER BRvEeSsNist 2 caystalline

trﬂole&ﬂﬁsﬁeve"mﬁﬁ@mﬂfl # el\/fm%fﬁ?m%gtenal” (or

cell thickness 1s nmade stac I ng, packing,
bma@hm(l] ofithel &M - 2f.ZVﬁammhyﬁ of dyetesulaf sioneofithietMEM-22 family” or

Rgg&QE%EWlThe cklngrgﬁ such cond degree bU|Id|ng

igeraohtel): s g e asReBAcs e qrineg far

fasi QholedulsrHERN H38 M aOfond¥n cfﬁﬁb e%?ée' estall eelﬂflldmg

and nol ecul ar sieves nade by any regu ran

2- di méhexdkomat cedly whBich unit cell has the MWW framework topology (A unit
cell is a spatial arrangement of atoms which if tiled in three-dimensional
space describes the crystal structure. Such crystal structures are discussed
in the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the entire
content of which is incorporated as reference);

e molecular sieves made from a common second degree building block,

being a 2-dimensional tiling of such MWW framework topology unit cells,
forming a monolayer of one unit cell thickness, preferably one c-unit cell

thickness;

e molecular sieves made from common second degree building blocks,



di mensi onal conbination of unit cells having the MAW
framewor k topol ogy. [0040] WMol ecul ar sieves of the

woRNEA23362am |y i ncl ude those nol ecul ar si eves PEWEPRPZPOAM1210
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X-ray diffraction pattern including d-spaci ng maxi ma

at 12.40.25, 6.90.15, 3.570-¥ and 3.420.07 Angstrom

The X-ray diffraction data used to characterize the

mat eri al are obtai ned by standard techni ques using the

K- al phzimgplagéstof ohe ooppee thaa dnbamitroell dricknesa,Ovhdreinnthe layer

o AT L LB Pt o
%ﬁﬂt_ e rﬁmcﬁlgg ﬁt’l-ieaé\{g@v%rm&&o?ay%frs bW @A tg%%%s\zés?ffg Et%&ﬁgg of

22 (describ in US.” Patent No. 4
( deSCrSUbchecondeBgre@alblﬂhhng\ld)lod(sm 5991)1 aS8guldb fashion, an
(descr.i be . ent . 4,826,667), .ER
( descriEeyas ﬁS'EaP ﬁorpaf?%mn %anbo%@*mt)w ﬁ?@of and
degcr ol
(deg Ijngggulbrn sHvé nFaﬁEetgﬁnaﬁp Pa% ent %Qﬁ-fdlocr:ﬂa}%ﬁle%lfmal or 3-

(described In Internati

W97/ MdidefgiondVCMoatbifaenc of baidt calslh&inPahe MWW. framework
5, 250, 277 MCM 49 (described in U S. Patent No.

5, 236, 8%%“:”}’!\/[:!\/# 56 (described in U S. Patent No.

gO%é 69FjoleddfVt Selclese thdadcivoy. émlﬁla'i&nﬁde'\l%ose molecular

' 030), and m xtures thereof. Ml eécular sieves of
tshRyes/ VR faaniX- -tayadéffiaciedre rpagtdmagndliding| dyppatingnmaxima  at

TR, SR AR E BLISRRe Ty o

Gapadeddo Whhkictehige @meh fiatdpidl YiDEHIZiaBE b?%@iiﬁﬁﬁi techniques using
Pr ef er ab t he m) ecular sieve is selected from

Mo RISl QUCMERET 2RcthE goeigprisradratinmviz a diffacieneter
I t
aegglgw by a%ﬂfﬁlﬁ 1 orl Iﬁirﬁer %Tg Cu{s]omlﬁeﬁ c%nlﬁédté}' oﬁle %ollectlon

can |nc sireve 1 n un
$9ﬁﬁnbound forn1or, alternatlvely, t he nnlecular si eve

TPe CORRLES L e ATy T D TRNORE A B 22 i s
Fakenk Ao, A saa3h VisdH B0fak&irfbed RE IS ePaténaNd. 893980) $82-25

si eve. [ 0043] "The al kyl ati on process is conductéd suc
t(feseribére i igRnP aerrteldo t é\,ﬁt’lé,667) &RB-1 Hdesatikgd at &prapean Patent

D Tah R Ceb MesfRoes P Sy T DO 0 Pupesepoge m

Slhtlefna’ﬁbﬁial PeEGt IPOBiZA0I08 1§6ICWGRE/17290), ve@VpBe, (désfénﬁeci lipw.S.
reactor containing a fixed bed of the cataly

Catpbliot #-8n087 ) MGMcAR Edoyeribeddn 4181 Patentdvp- r5e7é5<§s§57r5) MCM-
%@qgéscﬁf)&?ﬁltﬂ].\s.e P"ﬂehylkl@.t 5,9@2,8%9U%M)—§?des-5¥18é§ 1{?1 ﬂﬁé Patent No.

6,756,030), and mixtures thereof. Molecular sieves of the MCM-22 family are
preferred as the alkylation catalyst since they have been found to be highly
selective to the production of sec-butylbenzene, as compared with the other
butylbenzene isomers. Preferably, the molecular sieve is selected from MCM-22,
MCM-49, MCM-56 and isotypes of MCM-22, MCM-49 and MCM-56, such as
ITQ-2.

10042] 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.



the al kyl ation conditions include a tenperature of
from about 60C to about 260C, for exanpl e between

WQ@R@anIBEHDC and about 200C, a pressure of 7000PKFPEPZINT/001210
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| ess, for exanple from about 1000 to about 3500 kPa, a
wei ght hourly space vel ocityl{(-WHSV) based on C

al kyl ati ng agent of between about 0.1 and about 50 hr

1, for exanple between about 1 and about 10 hr 1 and a
n0043] r aflhe aditylateny proeessoisaddogdhicted rsgclagent tthe ®rgantmreactants,

abo 1.1 tq.about 50:1, for e e fromabout 2:1 to.
Airodhe 2 ithiE BRBE, Cominol 2R e ALY 2GS hgrahiare biought into

RiogtRf 3Rty thd ReyMdonl 8ithRer #9eNtuitadbld REJATNCRRe! ichhss, for
reaction in stages, for éxanple by providing the

aixinipke, irom flomt rhgtet camaining| aufixddi ted affthe emalystaonposition or in

connect.ed,. i eries and dividing the. al kyl ating agent.
PR RE inieiey rée i aferai fashvs alGihon sitohs “Fpically,
RRE talleNSione a6t @énsMtctlllel § téferh@ra ofli FdB T S0t 689C tbO4bout
zone. Most or all of the benzene is typically fed to
t398°€i fostexpmals baweem about] K9G antiabopt 209 “4htaspressurg ef 7000

SRR o B AR B BRuEh BTG o3y SR P ouny

apaceCHlodiey (WRISV) bed ohl€LalkyRihE RE&tdfBrdleadiBout W Eand
or dilution with other material, or tha Qian be ]
el hi n ey eanpiebetiticpm apetd 12a0d| abort Ehha| gnska molar ratio of

id - i f ry. Qr ~di t

SRIPORLE! RS ok @) laF oA 156, 3330  LUTAS o

Fbehe? dbbyabotih#0:1 cprefalily faone abdutl 2836 apauttd: &l [Prefierably, the
Usi ng.the catal yst and

the 1iquid phase [0045 .
a?\fﬁ&v?tgt %ﬁﬁnﬁmmrfglw t%é%f‘chasté(aﬂ Wtigss for examplsygproviding
tthataidyMRioal &‘a)(il%t:qiﬁna %)thlf‘rQli foff RECREPSERS QUnnkdi€d in series and

invention is highly selecfive to sec-butyl benzene. .
Hovidingrthe alkylagihf lagenttinfor pplutdiigy af kgdahdi drfferavetigeet portions,

N NURTA L e —

hepiomy earsé eefirbilegtnoiongoners, in addition to
unr eact ed benzene and the desired nonoal kyl at ed

dpdles. Tirpercagtprtacean bse iy efder sheoYapar | Bhase cyv epdiglly or
o Llati _ | (N

S abi b thd By RIS EEY S et o QHURbT I gan be gen

filgr, tfreerfrahn Sitedticed] admseyranaddutimneéth loyhea hederpyl ostthéy can be

from any pol yal ky| at ed products and ot her heavies :

BEpHERY il%_a G RNNY ﬁfngF (5BI2PAT RYPRPLP i fgd_ﬁ? gid of carrier
ASSER dilienkSuch Ky B 'eQé}nﬁﬁa@l&Hr‘égeﬁfe@lﬁ?@@ém. | PrdTBY%bRE the
esirable to transal kyl ate t he polyal kyl ated products

wedctandgiatie al teastipabierilyan ¢he loqudiphaseze t he producti on of

B Bl T R ey 1
gbhiRCthadthe Alldlation step of the process of the invention is highly selective to
sec-butylbenzene. However, the effluent from the alkylation reaction will
normally contain some polyalkylated oligomerization products and, as will be
discussed below, certain butene oligomers, in addition to unreacted benzene and
the desired monoalkylated species. The unreacted benzene 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



transal kyl ati on reactor, separate fromthe al kyl ation
reactor, over a suitable transal kylation catal yst,

wa@eehogsen nol ecul ar sieve of the MCM 22 fam | RCT/EP2007/001210
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zeolite beta, MCM 68 (see U. S. Patent No. 6,014,018),
zeolite Y and nordenite. MLgerul ar sieves of the

MCM 22 famly include MCM 22 (described in U S. Patent
No. 4,954,325), PSH 3 (described in U S. Patent No.

polddk Yire] , prodirct? présdas i ithechlkylatibrﬁredéﬁberﬁfﬂmmt it may be

SsBso Y tiarsEyTgia ubE mobial o ped pesduety wih P%élletﬂfnamenzene to
P
GnBihiAIR er@@i%@tf géxg)%qnbﬁbal%ﬁ (ﬁ%ge'cfé@a at ent

Publicatio cribed in U S.
Re046jt NdranSalRBlf18T 7y ith Mdditd®hal d&:azenebesjtymcdllySeffected in a

Pate No. 5,236,575 56 ( cribed in
FYIRBOH geagdor, e@?%rat%%ns Faeaj@?m TE3ELQ; §Veba& Shitable

I\tpcmszﬁk 1§§0r9§zg)11’ysta§ﬁjcm&sx§ Hiofuld &1e901of tHNPICM-22 family, zeolite
transal kyl ati on reaction is typically conducted undeér

dtetd, MEIMEdr (seal U.$.qRatnpés e 603 AL 8), on]itarY cdnd mordenite.

MolsBilit ispes Bbens 16853 Bt ScutevERbar esshibed in Us.
\eked€ INo/ 4995413259, BEOH gﬂas&rbeh%w Sf ee@nt NBA4@39,409), ssz 25
benzene/ pol éal kyl at ed benzene wei ght ratio of 1 to 10

rdersubed of Usbit BatentaNPg8:886 667 b (IR 1 Aslesaribed dn dieepsan Patent
tLhe a i . .
0 LS AR SSOR XERRIBRISED 2 e
fIﬂueﬂﬂtlbmallHﬂmdDIRubﬁbmﬁ)ﬁqNs NW @i/ HHI9())2 rMO]M-Bbe(descrlbed in U.S.
sec-butyl benzene to the correspond ??hydroperOX|de

NisEb Der >-2aP 21 Bl SACHI-49 (daseribeghing SePHER NG 2357 ERoVEM-
'tﬁeéEEbEJ‘ﬁls@ . @‘QH:H Koes; f'séf %ﬁi)at&é\f?%t(ﬂg nI‘BleJi YRS %atent No.

particularly the G2 ol ten at or
tehEd 653, ta&drpmxamms ethasofec Thattydtrtselkyhutlenarwcthmnoe typlcally

canno e ved distillation he
5PBE YR FdsE aC oo B i hteraopfaie i aiabty frclude a
Rérﬁﬁ@rﬁﬁlre BPrlt)O %"3@0*’6] & peiSie G 10008 THRIO kIR %C\%&%ht h&urly
reduce the | evel of butene oligomers in the alkylation
spidevehcitytofpi tafd hrt onltetsk feehamdla enzne/po bk Bayktdéd benzene
| ess .t han 7/ W% and nost preferably less than 0.5
\qusht[ﬁtﬂ)(ﬁ%g)l Bwiég‘sui table chem cal treatnent to reduce

tRnéal 90 BRteneBéorhérst he al kyl ation effluent invol ves
contacting the effluent wth an acid, such as a

rWer al adFataind aboys) the cffhieat fipmihe pikiykatian reastien wilkmogmally
?H@ﬁlr %Lféh? ooq{%oﬁ’gg twfl)lcfl Oha%@ oﬁgw %%glg: f%gn(f ¥ Vlgfllﬁjltt gh%sequent

I goners or ester
utkdativh C)f &l sd}- buMlﬁdﬁ&erﬁmtthabd)rZ@bb@dinQhydhbﬁerexmes Moreover,

| f necessary washi ng, drying, and
aftilough distillation 1s effect¥ve to remgve sor);le of these impurities, certain
butene oligomers, particularly the C;, olefins, tend to boil at or near the same
temperature as sec-butylbenzene and hence cannot be readily removed by

distillation. Thus the present process employs an additional treatment process,

particularly a chemical treatment process, to reduce the level of butene oligomers

in the alkylation effluent, typically to less than 1 wt %, preferably less than 0.7
wt%, and most preferably less than 0.5 wt%.
{0048] One suitable chemical treatment to reduce the oligomer level in the

alkylation effluent involves contacting the effluent with an acid, such as a mineral



distillation, the effluent can be fed to the oxidation
step. [0049] Another suitable chemcal treatnent to

WO eanessshe ol i goner |evel in the al kylation eP¢T/@R2907/001210
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i nvol ves contacting the effluent with hydrogen in the
presence of a catal yst, suchjqfs a noble netal
het er ogenous catal yst, under conditions effective to
saturate the oligonmers. Suitable conditions include a
taeitper at solid afid aldtiibploriad vedi@ytat 20@fmperatUte asfsaboat Of to about
about 100 to about 1000 kPa and a hydrogen to L
RPYr e daceBYEhreolizamess of aleghwly onestirs (¢-8 epbasiof sgfuric acid).
[ 0] . e ' henm b oo e
R pedisbIsdqiEbe Fh LARRE P sE ST Lotk EPHES and
afiftdtatibn ctht effluent canidu feth té the oxidakivgBtepi S cont act ed
wi th an al cohol,. such as nethanol, at a tenperature of
488411 20 Angthes suitabipesmical drsatment t sdy s iei adigomrer gygl in the
. . | .
AR R v O SR ine HE DrRien BI8 LOIe0R i i nce
lfvae | catall ysoubwhe aolai gobiermetah heteeogenkyd @htabit, efifden evohditions

to.the desired | evel. [0052]. virtue of the

aﬂ%ff’ﬁ_“é"’c [bRALURALE YF &i‘tgﬁ’é’ﬁfs- pg%@gi%e@da%@érmﬁl@_ge agerpgerature of
LaBBul AP PO Y ipfasurk JF%H5RABDREIb&RATBOE kbh @R a hydrogen
boiling within 5C of secbutyl benzene and conpri sing” at

|teéﬂdm@gbml%(Elemiblﬂf)albbetr&@(ﬂetol?bqum.t 0 I1000 ppm wt ,
) . W, [ . .
AP G; 2ot rirtst Sl BRTR - Bt SoBabes 82 Thighmr dovel in

wh&aiyldtidabsfiitd aneanes anerifiiiohUiny WARRZBB &ffluent is contacted
Sec- But yl benzene Oxi dation [0053] In order to convert

tih aeelcohnlysush @s arethanat, ot p Framsratarecpfrbow40 tetahgnt 300°C.

" Lh ' PROTT AT s | _
SROEAS,  SOERERaR  PETASUE Ll bkt B e ey
yf dcid treatrenngndhydpoggenioanpoimbaiusgl gassduseithie ksehof butene

into a |.iqui hase ntai njng the sec-butyl benzene.
@Aﬁgpwsrseaﬂ%%gk%a{%géﬂ@m fo the fesirefl 43t on of |
80521ut Y BRenAGOSfithe tafkglﬁil%ﬁ%getr&ftméltcﬁ{)@és)fést ddseri¥&d ¥bove,

ifficult "'to achieve. For exanple, at 110C and at
dherosyshtpn prpyides ar leydreectnt gobpesieore bodingowitbii 47C e, sec-

ile cunmene.oxidi.zes r 1 ., undeyr the sane
SORAPorHE A B RPHRER o SfabeRouh Sthu PEp&Eand 20 w0 1000
D SN praferaBliyr S@Xb GBI P Git, DE VNG| HBPARNE I HFBIDS: said
however, higher tenperatures also produce significant
|cepwesitign  GAMEEFIsedesy thodut $/179 g5 4obupbavenenang  tert-

i ction rate and selectivity can be achi eved
bﬂyglt}ggﬁzglr%ﬁn ng sec-butyl benzene oxidation in the

[Seeshnglbeatere Oridatipat . Sui t abl e secbut yl benzene

[0053] In order to convert the sec-butylbenzene into phenol and methyl ethyl
ketone, the sec-butylbenzene is initially oxidized to the corresponding
hydroperoxide. This is accomplished by introducing an oxygen-containing gas,
such as air, into a liquid phase containing the sec-butylbenzene. Unlike cumene,
atmospheric air oxidation of sec-butylbenzene in the absence of a catalyst is very
difficult to achieve. For example, at 110°C and at atmospheric pressure, sec-
butylbenzene is not oxidized, while cumene oxidizes very well under the same

conditions. At higher temperature, the rate of atmospheric air oxidation of sec-



catal ysts include a water-sol uble chelate conpound in
which nultidentate |igands are coordinated to at |east

wor@7ieidal from cobal t, nickel, manganese, coppEr/EPZNT001210
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iron. (See U S. Patent No. 4,013,725). More

preferably, a heterogeneous-psatal yst is used. Suitable
het er ogeneous catal ysts are described in U S. Patent

No. 5, 183,945, wherein the catalyst is an oxo

(twydbenzene bmprixyest heweenubigber tampegatnees ealso ppddexe aighificant

i.n U t.ent. No. 5,922,920, wherein the catal yst
Sﬁeg?ﬁ)%s‘&daﬂﬁedo@?'opw(&%xo) bri dged tetranucl ear netal
qeosd]eX hapioVementdiiX eHe FBLAdn ¢AE Gnd %@fécﬁr‘ﬁhﬁ‘haxpge tal?lﬁeved by
core being a divalent nmetal selected from'zn, Cu,

@srfonningac-kntylpengeng exgdativariadhe presenan of heatamst a$u1table sec-

a trival ent sel ed fro
AdfaPons HPUET BTl < SHESLRIvHIE “Thelit cinaings i which
sAllddéhtSie RRNBhFe B6GdINAGR RO IAS SRS Giefalom cobalt, nickel,
ref erence. 00553l O her suitable catalysts for the

Jeangenesgl mzre ﬁé mnd@eﬂ &hS sRaggnt A¥ce 4t(H8, MShyMoox preferably, a

S HDR ltnaS il SRS Ryl Fulunlode BisehlBed n

as.SNPayes cmypmgmbwn WRereth &1 OQalbty ir X WRBt (hghioxof Sridged
3-am no- N- hydr oxypht hal i m de,

ttggqagﬁegwmmwp%gg@meﬁaqqdmndg S. Patent No. 5,922,920, wherein the

E%ﬂ? By Rsé&agvo%@ﬁ&@&@fﬁ@geﬂ%ﬁ&w RN bl S8having a

r oxy
Mailvgd nexal werz ene -meltal&féthe bdsned&lrtg)a( diviatéat metal selected from Zn,

N_- di hydr ronellitic diimde), NN - o
gl%‘h v éﬁﬂbmgﬁﬁ%w ghegeofang: an?@lﬂ BEH Beieg e teivalent metal

"s'bleﬂ?egl $om M, DANXUER| £ HdYBixtures thereof. The entire dlsclosures of
pyridi ne-2, 3-di carboxi m de, N-hydroxysucci ni m de

INaidyld) Soua}témta atﬁancwpomaﬂd)e,rem by reference.
2';0( 5&{ }ger 28 r 2 cae[zr;'ﬁ/_st%’fg’r_ t‘iillecsar-ggél brgngeeﬂe oxidation step are the

q»xapdh@xy Is@[)szlnaed]c e nﬁde@aes%nﬁecmrpmr@%téﬂtdeo 6,720,462 and
N- hydr oxy- ci s- cg ohexane-1, 2- di carboxi ni de,
X

Rpwmretﬁgi kareing )Féfeéfﬁ’éﬁe ﬁ'é“«h ap NihydiossRhthplimide, 4-amino-N-
m?ﬁx%g% tﬂgl%{)cﬁal i m %'N'rﬂyﬁf”u dé/pﬁ’téah ide tf:tﬁ%bromo-N-

XYy-0- behzenedi hon| m referably,
dlatha)lxyp}nthalﬁnmehydraoh})ommhhjldrnxﬁﬂxtha%mﬁaeN Isydrdrafhletmide, N-

a aI i |s N, N dr oxyi socyanurj c aci d. [ 0056]
%Pfé ‘E}‘ﬁk‘al s c%hbﬁg"ﬁ é‘HleélI‘tPHlé’F al ond-TBdrexybeprsne-1,2,4-

%&.ﬁs&ml&f a frw*aﬁy&%kyapw&mahe& and gaRiQRg used NN
as |iqui d-phase, honpgeneous catal ysts or can be

slilpdoreyeenaophensnd-3 3. & 4t-retrecarbox ydicaliimige s N-hydroxymaleimide,

ht t 0057] Sui t abl dit f
O e L U e G A R T
ﬂygr@rb@hwmﬁb@#ﬁoxﬁm& and about 200&0-SUGArGS-7-

about 90C t o about
oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-hydroxy-cis-cyclohexane-1,2-

dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2 dicarboximide, N-
hydroxynaphthalimide sodium salt or N-hydroxy-o-benzenedisulphonimide.
Preferably, the catalyst is N-hydroxyphthalimide. Another suitable catalyst is
N,N',N"-thihydroxyisocyanuric acid.
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at nospheres (50 to 2000 kPa). A basic buffering agent
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formduring the oxidation. In addition, an aqueous

phase may be introduced, whi.¢tr can hel p di ssol ve basic
conpounds, such as sodi um carbonate. The per-pass
conversion in the oxidation step is preferably kept

H@Dﬁ)ﬂ! 50%hescomatenials ¢z behesddosithet alone @f ihythe pebsetice. of a free

i dation reaction_ i s_.conveniently conducted in a
EﬁP(j&nfttat% and; qapiﬁl@ﬁ aﬁllﬁmﬁwg% SO@ésertﬁ%wﬁéwﬁ@&é can be
?“EPW & 68 doéagﬁéiﬁt% roHde Qﬁe&%ﬁ%ﬁw{s LGl sPY
| e

1111 ng of unreacted sec benzene prior to
teesdl ea\Sageblstoepdltlbl;m rfmpénecmcbatyﬁmmaagexlﬁlmﬁrﬁﬁ];teﬁ feclude a
final ste

APBEISSRGFDIESD bhyY o) PR AN FFDI o8 BEpageabout

0f30PQCaRES P%&ME RERBERD. HYHLRRE RO kHEs h\éﬁ‘sg@o k& 2000 kPa). A
convehiently effected by contacting t roper oxi de

vhasie mxffeanglagstt may behalded duiredciphils ecidic tey- pxedmis titatimay form

t 2Q0C t t 1500C h
Syt Hoeeaton. o8l o Sasott DRE B0 girodKsg Rhish can
SHgh cﬁ§soﬂk%0%551é090rhﬁ’oxﬂﬁgukuélpch@ kRRurANBarBohdtélUi Ghe per-pass

hourly space velocity (LHSV) based on the
tepar grpienoRi the oesfdaab@@tep@smr@@ra@bo&@ptlbm)om r50%o, to minimize the

%Sn%thc?{%%%ﬁ)qgaﬁct%yg‘ e%?(%'zli lork reac 1on 1 FonveB}entlH clonglucctjed in a

sec- zene roper oxi e I'S prerera

| datadyticodgaationsahiv end tmmaa"ctbdtyabéﬁtene |h§ar\b@lﬁ>xicfea§1bd@<fbd may
such as nethyl ethyl ketone, phenol

st@csencyp%tﬁééwe distiflings ofithe; weacied sesryiibenpee prior to the

diER eaction is conveniently conducted in a
cata?@glcﬁdlstlllatlon unit. [0059] The catal yst
ditpdiowpecdoxide Chervageavage step can be a honpbgeneous -

t ! taly i tabl e
b8 neane el SiRgR AEaca e fiife set-Bub Rsprabcapiaphenol
%gqmtﬁﬂéfhﬁ‘k'eﬂ)ne m%%éa@a%&c‘)ﬂhe E’é(:d&ﬁ?m'eﬁ’ién@ h38ioeroxide,

p-toluenesulfonlc acid erric chloride, bofron
twhieh ifoeangeniently £ifected by icdetaghing halhydroperaxadd With arcatalyst in

ffe h tal ystS.~Th
IPERGH G G RBBaEar elvitgE ZET RS SDi tfcas about
aﬁ)‘"é th QQ@\Jt]lzﬁ"é i #)@Qdu@e BELRILPI6 RE Mt 086 @LY S tsu&?ﬁs abo%t 100
in the cleavage of secbutyl benzene hydroperoxid

itncdboded 060 ski’@cand e byuay, haulyhspase am:lm;mtvdﬂcHSV) based on the
TRURLLACDLLS S0l Rl NR-C 0, J5561 78580k 0 he.
The sec-butylbenzene hydroperoxide is preferably diluted in an organic solvent
inert to the cleavage reaction, such as methyl ethyl ketone, phenol or sec-
butylbenzene, to assist in heat removal. The cleavage reaction is conveniently
conducted in a catalytic distillation unit.

[0059] The catalyst employed in the cleavage step can be a homogeneous
catalyst or a heterogeneous catalyst.

[0060] Suitable homogeneous cleavage catalysts include sulfuric acid,
perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.

Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also
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of the invention. Exanple 1 Sec-Butyl benzene

Producti on Usi ng MCM 22 Cat al§st and 2-But ene Feed

[0063] A 1.0 gram sanple of MCM 22 catal yst (65 %

MCM 22/ 35% al um na bi nder) was used for the al kyl ation
offfastive bpmoggnequ clsavageecatatymss. c The breferredabomeagankeus ceanage

0 -6 HET 1/16") dianmeter cylindrical extrudate,

c{?(tap %és?o ;:féld | ength, and was diluted with sand to
J0061]and A gaflgle i Hdtérogéheb O tchRIy¥RIfor dR¥MTH! B, cleavage of sec-
fi xed-bed, tubular reactor having an outside di aneter

drutlbenzere (Bydrepgroxifge incdudesy 8t smaetitar clay, atuch 580CGuamgidic
it h-1Q0: cChmin. flon it f h
B Bt S e B AN SRRl S

rthaefitire didcld3Qrecal/ Wiliichl id intorpeaeddHerdih @y Sefefence€ached t he
desired 300 psig (2170 kPa). Benzene flow was then

r(880Fed tihe fokaving hxanmdeseire \ghow) for Hipstathyg piRoses @gd do not

(10t 19 &bse BEHERSY n%g 8% trans-butene, 2.5% n-butane,
0 Et e b

. 8% 1 sob ne an utene, and 1.8% ot hers) was
i Examopleded from a syringe punp at 2.57 cc/hr (1.6
\BdS\Bu ty iandeePERliRtion v MEWI-22 @hakAlysvah d R BataieRLd

o1 for the entire run and the reactor tenperature
008 & b e pomele ¢f V6N 23reattes Eoouc MCRB DAY balumina
&ind R PR 5B iHel MR apdn IO itBOb RS I TrelchfuiFas in
in a cold-trap and anal yzed off |ine. 2-Butene
dhaemsiobra Wwasmuelét 6t) nbandtyr nplasincahgxtontaga chepped to 1/16"

-butene rel ative tao feed 2-butene. The catal yst S
éﬁné{%"raél mwf‘%?'lﬂtegé‘{/@’ §yndytog3 W@Vgg?adﬁat'gﬁ)ea%%ﬁ‘eg%d down-
Fdwt RORI- BN e FArORactdr Havisigahn Sut@dNdpvhded 8f 95%mm (3/167).
conversion, then 1 daoy at 7.2 WHSV with 86%

cfvearalyss i as grigd ebl $ Gerndolyatm withd 08 gatnmindiowing ningen for 2
o, SR S R L B B BT R 60 cone

Mokl 22Act@n grdsiBe reted-drdebiayd 3@npSE (Zand kKPa8 Befizehe Flow was
10. 8 But epe V, rf 1 1.6.4.8 7.2 1.6 2-Butene Conv,

Ty edussl © g3 ccd @ 5 BEL) aid ckiene fpedyig 7944 s Butene,
|ﬁ%ﬁ%ﬁﬁ%u@er@}@.@AOQ-%u%nQ,O‘g.%Aé 89&11&&{&' Bt Q06uthe, and 1.8%

1-But ene 0. 000 0.020 0. 355 0.
others) was introduced from a syringe pump at 2.57 cc/hr (1.6 WHSV). Feed

benzene/butene molar ratio was maintained at 3:1 for the entire run and the reactor
temperature was adjusted to 160°C. Liquid products were collected at reactor
conditions of 160°C and 300 psig (2170 kPa) in a cold-trap and analyzed off line.
2-Butene conversion was determined by measuring unreacted 2-butene relative to
feed 2-butene. The catalyst was on stream for 4 days at 1.6 WHSV of butene with
97% 2-butene conversion, 2 days at 4.8 WHSV with 95% conversion, then 1 day
at 7.2 WHSYV with 86% conversion, and followed by 4 days again at 1.6 WHSV

with 97% conversion. Representative data are shown in Table 1.



C5-C7 0.227 0.105 0.132 0.120 C8 and Ci 2 (butene
ol i goners) 0.812 1.753 2.556 1.910 Cunene 0.077 0.050

W@ 2030936059 t - Butyl benzene 0.158 0. 060 0. 026 BCW8B2007/001210
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I so- Butyl benzene* 0.000 0.000 0.000 0.000

sec- Butyl benzene 89. 185 90. 988 90. 490 91. 553

n- But yl benzene 0.024 0.031 0.030 0.025 D - butyl benzene
8.012 6.589 5.982 5.791 Tri-butyl benzene 1.239 0.420
0. 392ablle41FecHBuatylbeazdhe P56d 10100 8vith MO3M 220ihd 2SBnteh& Ped
100. 0 100.0 100.0 Buryl benzene Conposition, %

t . . - .
i 23ys8h F‘B‘éﬂ_,zene * 0.000 03600 0.088 0.000! 10.8
stens WilSNehzene 99. 796 99.1900 99. 88 99. 86D 1.6

2- 7 027 0034967033 P 328 sufff00 0 90
1yedust Selectigitn Wt %5 anpl es col | ected at 1600C, 300 psi g,
an§oBuanpenzene/ but ene nol%H0r at i 800 | 5oLk y| bdP&ne
| else-Buteap &ol-Botena total bik8M0benz 8880 not Ydisect alfHddo
wi €1CGC used. Exanple 2 Sée22But yl BéAzene ®H¥duct 030
Ustntpdigonbutonaligamess)  and ©81But end 7feed [DBBY] THL10
prewsys of Exanple 1 was dat ed095® wi thOilhe MONS22
catBytybenzersp| aced by 0.6 PA8f MORMOGD cat@P3pst (D/190"
quiaetBatydisazeast r udat e wi t h 8809 MCRIOQD/ 4098- 8 sal 000

al By lbsnader cut to 1/ 28918%ngt$)983The 904PQI ysPl-hisds
on-Bupdspiener 4 days at 2.9020HSV 803but en®0Mi t h 971268%
buPEbkEYIBGREr si on, 1 day &018 WHSYS8R t h 9%798% 5.791
cohirBrylbspzeng. 5 days at 12-2AASV wWPHB0 93%GFRver sildh7

1. Beayiys at 2.7 WHSV wi t h 0%3% con08P%i on, 00033 dayd1at
19SYMWHSY with 86% conver 0B an#0® &) | owkl-Ohy (.1§0.0
dBupglbepzere Compsifomi% h 98 % conver si on. Representati ve

‘datButglbenzetrown i n Tabl e 2.0TGBl e 2086%- But8929enzefd 12

PrisetBetvitsazengt h MCOM 49 Cat0dl®)st s 840 2- BUt-@¥e Fedd00

Dases-Bytyligneeasam 1.0 3.9 4. 99690 7.99-9p09 99.938  99.860
n-Butylbenzene ) 0.027 - 0.034 0.033 0.028

Sum 100.0 100.0 100.0 100.0

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
* iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 2
Sec-Butylbenzene Production Using MCM-49 Catalyst and 2-Butene Feed

[0064] The process of Example 1 was repeated but with the MCM-22 catalyst
replaced by 0.6 gm of MCM-49 catalyst (1/20" quadralobe extrudate with 60 %
MCM-49/40% Versal 200 alumina binder cut to 1/20" length). The catalyst was
on stream for 4 days at 2.7 WHSYV of butene with 97-98% butene conversion, 1
day at 8 WHSV with 97 % conversion, 0.5 days at 12 WHSV with 93%
conversion, 1.6 days at 2.7 WHSV with 98% conversion, 0.3 days at 19.2 WHSV
with 86% conversion, and followed by 0.7 days at 2.7 WHSV with 98 %

conversion. Representative data are shown in Table 2.
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Butene WVHSV, h 1 2.7 2.7 8.0 2.7 19.2 2.7 2-Butene

Conv,
wt

%97.6 97.3 96.7 97.7 86.3 97.6 Product
% | so- But ane 0. 006 0. 007 0. OCECDEPRDS7/001210

0. 003 0.003 Iso-Butene & 1-Butene 0.000 0.000 0.000
0. 000 0.358 0.000 C5-C7 0.16®,-0.109 0.109 0.107 0.089
0.1 11 C8 and G 2 (butene 0.586 1.144 1.428 1.418
1.852 1.308 oligomers) Cunene 0.054 0.057 0.045 0. 060

OT4pi2 GeB8tylbeBacnd Rreductivn Wit XECM-4P8atalydB3nd 21Bétene Feed

0.042 0.091 iso-But

| benzene*

0. 000 0.000 0.000 0.000

MDQPHO6n Sr&BO sec- But yl behzgne3 92. 55%4.02. 3189 92. 400 7.9
ButGOIVEIV, A9 93. 513 m2.Butlyl BEnzena.0. 0122.0. 023192 025 2.7
@-B@8nelCdni,3%0. 013 Dif - Bawyl[bedvzene 86.818 57752 86H4| 97.6
Prabhot Seldditd wb¥%2 Thi - but Wl benzehe 0.513 0. 425 0. 25D
0.180Bufdnel 89 0. 241 Heagoes (00062 P.d@E 0. 0065 0. 063 | 0.003
0.1600Bundf 1-Kitene1 00 00.06P.(00000. D 0l@®d. O 4.060 O D3RSO 0.000
But,yt,benzene Conposilt).064 % 0-1Bait yl(bmtpzenm@z 13%5.0891BD.111
0. 4hd @y, Xbukehe0. 046 0. ijsQ-Butyl b zen 0. 0QQ DOO
o.@l@&n&s)éoo 0. 000 0. O@g&secfﬁ#y deitene 81 853 gég 33308
9L e 99. 857 99. 940 ©0854889 osBul y.dsnzenes®. 0D40. DAR043
0.t(Hudy1Genda? 0. 014 0)0d4.42554mp1@9. P oléd. 0 4.965 O d@A20| 0.091
1Q6b-ButddenAneX | sanpl @socdl beob ed @i001600.6H0 300.008i 0,0.000
andc-Butliernraene/ but ¢ne.63pl|ag2.313t | 02.450 | 30688t YO IENZELE 513
| esButi/ibadkefk 5% i n t ot @bioyt ylobengz enesnot 0.0z8 ecoabt el 0.013
wiDibbuEibensed. Exanpl es 815gcsBat y| egsaenes Psodusteuon| 4.672
W TrhbiidbtzeneCat al ysi @pmh Rabiabpal @ Z50Typesteed0[1896p]0.241
A Healiegr am sanpl e of @062MIMo226 cptedogst €.656 Wt %0006 | 0.007
M2/ 35% 100.0 | 100.0 | 100.0  100.0  100.0 | 100.0
Butylbenzene Composition %
t-Butylbenzene 0.135 0.139 0.075 0.113 0.046 0.097
iso-Butylbenzene* 0.000 | 0.000 | 0.000  0.000  0.000 | 0.000
sec-Butylbenzene 99.852 | 99.836 | 99.898 99.857 99.940 | 99.889
n-Butylbenzene 0.013 | 0.025 | 0.027 0.030 0.014 | 0.014
Sum 100.0 | 100.0 | 1000 100.0  100.0 | 100.0

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
* 1s0-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 3

Sec-Butylbenzene Production with MCM-22 Catalyst and Raffinate-2 Type

Feed
[0065]

A 1.0 gram sample of an MCM-22 catalyst (65 wt% MCM-22/35%

alumina binder) was used for the alkylation of benzene with Raffinate-2 type feed.

This is the same catalyst used in Example 1.

The Raffinate-2 type feed is a

synthetic blend with 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 in the form of a 1.6 mm (1/16") diameter cylindrical extrudate and

was diluted with sand to 3 cc and loaded into an isothermal, down-flow, fixed-

bed, tubular reactor having an outside diameter of 4.76 mm (3/16”). The catalyst

was dried at 150°C and 1 atm with 100 cc/min flowing nitrogen for 2 hours. The

nitrogen was turned off and benzene was fed to the reactor at 60 cc/hr until reactor

pressure reached the desired 300 psig (2170 kPa). Benzene flow was then reduced




al um na binder) was used for the al kylation of benzene
wth Raffinate-2 type feed. This is the sane catal yst

w@igwdopizeExanpl e 1. The Raffinate-2 type feed PGT/&P2007/001210
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synthetic blend with the foll ow ng conposition: 53.4%

ci s-butene, 41.2% transbut eng- 4. 6% i sobutene, 0.5%

but adi ene, 0. 1% n-butane and 0. 2% ot hers. The cat al yst
was in the formof a 1.6 mm (1/16") di aneter

ctpl 7.68/rdctal (6667t Mﬁl&V)} aad d{aﬁﬁﬂatdm tiipe dfeed tWwassmmrddiced3from a

cc and | oaded _int [ romal , down-flow, fixedhed,
tﬁmsapumeée?é e‘g{ﬁl St dihgaeagtorgmperagre xvas gdipsied to

(026" JFeed B ZCeﬂE/PIJﬁéﬁE s dhib 6s ?[#an:l‘égxgﬁ af8q i%ﬁ_ﬁrfer@ntlre run.
wi th 100 cc OW ng nitrogen ours. e
nliLignolg prodnets wasr cedldetetlf inaadcdidap nmdnasalfzd bff tihe Butene

reactor at 60 cc/hr, until r.eactor %%ssure reached the

ROLVPISPNIRS 5ieripinesbromRisyying BRIcAeAd bpicagelaiive tadped butene.
FERUCRALQ Was®h SR fof 8-dYs WHOY)WARY ﬁ%tﬁéﬂ%ﬁh §8‘t/oy @utene

feed waS introduced froma syringe punp at 2.
(conBergidBy/) .da¥hae 4 NHBY withBeYatanversivns laﬂlJyuBWeZl WHSV with

1 Feed. benz ut e lar rati.o | | ne: 0
8 R GBicna i TRy B e S Bl G SV With 97
Conk &6 1oAIR Eprefene vl dufatRe SiFlvipaTabied. of f |ine. Butene
conversi on was determ ned by neasuring unreacted

butene relative to feed butene. The catal yst was on

S0P, 2 Pt b TN SIS T

.-'- O a1

f PO d b’ 4 da§ agalfat 1§\AHSV th SH’% e 15

OhY 8PS -; Repr 57 nt at nge dat are?ﬁown EH19Tabl9e8 3. “79
.'} --- ang a¥a =' i N NMEN

it ﬁeﬁf‘a‘?@vz/“rype sged N i3 gzg 11 %3 15 E‘% S 3718
h_ﬂa b »,‘ ) g A0Q05° | 0.0 9 1000, 5 964g A1 )
9@%@&9@%@9@14 79.8 62.1 96.9 97.0 |sobutene Conv, %
9%?% 96.3 96.8 64,4 35.8 93.7 94.0 But adi ene

%

100.0 100. g%n 038 "4 4B 0 98% o ﬁ#%éuct0°27 0.025

940 00eh 00698 0.4 0555

Seggaftdlcﬁ/ I éee‘s 27309 38§ 322257 467“’(?4@14(1)17085@48 7091§56 8.230

?167 gnd Cl12 §Ps“‘e% 185" 70189 880,45 748159 3Bos  0um2

ty]benze:l'6 8. 2% 1.577 1.521 0.697 0.561 1.267 1.224
iso-Butylbenzene*  0.000 0.000 0.000 0.000 0.000 0.000 0.000
sec-Butylbenzene 81.330 83.058 83.282 82.789 81.265 83.453 83.406
n-Butylbenzene 0.034 0.059 0.055 0.063 0.058 0.060 0.062
Di-butylbenzene 5227 5.559 5.580 4.642 3.972 5.465 5.312
Tri-butylbenzene 1.456 0.887 0.926 0.495 0.378 0.837 0.840
Heavies 0.284 0.225 0.200 0.225 0.055 0.224 0.174
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Butylbenzene

Composition, %
t-Butylbenzene 2.772 1.863 1.792 0.835 0.685 1.494 1.445
1so-Butylbenzene*  0.000 0.000 0.000 0.000 0.000 0.000 0.000
sec-Butylbenzene 97.187 97.817 98.143 99.091 99.244 98435 98.482
n-Butylbenzene 0.041 0.070 0.064 0.075 0.071 0.071 0.073
Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
* 1s0-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.
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0. 000 0. 000 0.000 sec-Butyl benzene 81.330 83. 058

83.282 82.789 81.265 83.453_88. 406 n-Butyl benzene

0.034 0.059 0.055 0.063 0.058 0.060 0.062

Di - butyl benzene 5.227 5.559 5.580 4.642 3.972 5. 465

0646] TpThabley|3beshoene tHat 4 MCHI-BB 7cddal9RA6 whsd @Bebrivk/ Hor sec-
. 837 0.840 Heavies 0.284 225 0.20Q Q.225 0.055 . .
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s L KO SRR QoM e ity ARPERe 82,049 oo

Gyolko meO‘OG‘V(Disﬂlﬁlﬁelﬁh mOuténheOfeed Oloﬁﬁl'@e([)b%@oduct formation. After

Sec.-Et benzene.97.187 97.8 g? 43 99.091 99.244

gaitiakngity SHIVEN PFASEFFAcHe 109941252570 cONRsop wppsBY for
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élﬁds Bfa& alsegnifemas! thangeevhen lcampamtlito restilts soTahie | lusegzbe same

faiP’ %36"%%3’&‘? 5 3{617‘}- Tén%?%%%ﬁ%%‘rz i nf%éwf' %etgtaaglﬁégs% 2-

V@@en%fdcoﬁ%ﬂsfbﬂ WA 1-28%6f Yhe8E 3RBEN &K 00UaS. 3B Yol bR [Renzene,
Raff nate-2 type feed. The 0.5% butadi ene i n butene

faad #ondlde der ssicgnitylbenzsne.efhesse ohRMEMaR?2 syreblepd tepulted in a
g6 chl‘%tgedé foq:M 2& cycle. The 4.6%isobutene in
se

but ene R ncre by- product formation. After
initial lineout, selectivity nmeasured at 97-98%
Examysiea conversion was 8% for butene oligoners,

Keé- lﬂut?%’eﬁn%net PRIGuBE WBNSICTEb 839417 Qand Raffinate-2 Type ‘
q@gab yl benzene. This was a significant change whe

onpared to results in Table 1 using the sane cataly
dﬂ@ﬂl bul baprdcessdof§ Beingde Bwiasyrcpatsbedvidi the MCtyutZé atalyst

6 0 BB RL L BRI Qo v
&9- Hk%onf F 3sd@Es Ayt hanseng bulde Wh$t€9@% d%%fvfeﬂsﬂﬂlt - d% at 9.6
té& fg(?tg 8r0e883l‘1’/|o tcc(?r(ljvelrsnlorz;1 asn(c)l()/.g gg;; z;{l3t2/ WH i 08 vfn?}{ 95% conversmn
Representative data are shown in Table 4.

[0068] Table 4 shows that MCM-49 catalyst was also effective for sec-
butylbenzene production using a Raffinate-2 type feed. The 0.5% butadiene in the
feed had no significant effect on MCM-49 stability during the 7-day test cycle.
The 4.6% isobutene in butene feed increased by-product formation. Selectivity
measured at 96% 2-butene conversion was 8% for butene oligomers, 1.2-1.8% for
t-butylbenzene, and 83-85% for sec-butylbenzene. This is a significant change
when compared to results in Table 2 using the same MCM-49 catalyst and 2-
butene feed. Selectivity measured with 2-butene feed at 97% 2-butene conversion
was 1.5 % for butene oligomers, 0.1% for t-butylbenzene, and 92% for sec-

butylbenzene. The use of Raffinate-2 type feed resulted in a 50% activity drop for
MCM-49.



10

15

Sec- Butyl benzene Production with MCM 49 Catal yst and
Raffinate-2 Type Feed [0067] The process of Exanple 3

wor@70esent ed but with the MCM 22 cat al yst r epP@ER200¥%001210

0.5 gmof MCM 49 catal yst used in Exanple 2. The

MCM 49 was on stream for 3 days at 3.2 WHSV of butene
W th 96% conversion, 1 day at 9.6 WHSV with 80-83%
conversion, and 3 days at 3.2 WHSV with 95%

fﬁ%ﬁ%{ Sl'lsa PRRE P Rt BT R 3V T Rifr a3 e peco

e 2 type feed The 0, 25% butadl enSe in the i&ed
jcant effect on? 49 stapflity durPg
\/ cl o he 4 8% | sobut i n butend?
fe%EUTCH‘& %‘ﬁ’se/‘tj by- product fofmhtion. Saldctivity 955
melsentes Copv-46% 2- but ene con¥ef si on wa’$% for buehe
igneLony, %. 1 gonfor t-hilPYPhenzenel0Bbd 83- 8308-Por
se&&@éﬁ@ﬂﬁ&%ﬁéﬁ This is a si ?nl ficant change when
Gred to results in Tabl &0%lusing t A®33ame MCOIMOZE
cat b5t and 2- butene feed0-53@ ect|V| Py0heasur e®-58pt h
2- byt BHC i Gugneeli®rmss)- but edd88onver si 8r3as 1. 58%8Hor
but EHBe! i goners, 0. 1% for ©-1B&tyl benz8Aé4 and 99927 or
sechBtylbsesspene. The use of I%Pfl nat e- 9-8¢9pe feed.240
r estiPERE benzaae500s acti vity @O8B for MOMOAD. Tabl e 0412
secS%Lﬁg%gle@ﬁ?’éne Product i on®2@1h MOM 43%-284d 84.720
Raf PiBygtienzengype Feed Sanpl €022 5 8 DAPSY on Str 8&AS
2. 3Dgbutylbergemt ene WHSV, h $£4312 9.6 3387%- But end-273
Con¥Ti-bylyisnaeng3. 0 95.5 | sobut%@he Conv, 09297.7 670829
92. Hemipsadi ene. Conv, % 100. §-2180. 0 100008%r oduct 0.134
Sel S‘ﬂ‘fll\/lt\/ M%l-(‘A 0. 041100632 0 028008 C7 Q. 5900
By 212 B gn.Ce 2 (but ene ol i gomers) 7.688 9.732
8. 18%unzi@ﬁ@qeeo 128 0. 144 0. 2279t But yl B8Pzene 1. 8491

0. 8i40o-Bytyphenzene* 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

All samples collected at 160°C, 300 psig, and 3:1 benzene/butene molar ratio.
* iso-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 5

Higher Olefins Production with MCM-22 Catalyst and Raffinate-2 Type
Feed

[0069] A 2.3 gram sample of the MCM-22 catalyst used in Examples 1 and 3
was used to oligomerize the same synthetic Raffinate-2 type feed used in
Examples 3 and 4. The catalyst was diluted with sand to 5 cc and loaded into an
isothermal, down-flow, fixed-bed, tubular reactor having an outside diameter of
4.76 mm (3/16). The catalyst was dried at 150°C and 1 atm with 100 cc/min
flowing nitrogen for 2 hours. The nitrogen was turned off and the feed was
introduced to the reactor at 60 cc/hr until reactor pressure reached the desired 300
psig (2170 kPa). Feed flow was reduced to 2.59 cc/hr (0.7 WHSV) and the

reactor temperature was adjusted to 140°C and kept at this temperature for the



I so- Butyl benzene* 0.000 0.008 0.012 sec-Butyl benzene
82.977 84.284 84.720 n-Butyl benzene 0.062 0.059 0.068

w@Reose3gbbenzene 5.431 3.878 4.273 Tri - butyl beP@BRR2007/001210
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1.079 0.429 0.629 Heavies 0.218 0.082 0.134 Sum 100.0

100. 0 100. 0 Butyl benzene Conpissition, % t-Butyl benzene

2.179 0.996 1.441 iso-Butyl benzene* 0.000 0.010 0.013

sec-Butyl benzene 97. 749 98. 925 98. 467 n-Butyl benzene

centirg rgn. 0 d9qwd gred&ii i asocoliectedoinga toldl-BapAand snalyzek off line.
t, 1600 300 [ and 3:1 benzene/ but ene

%‘lfdé%%%'%givoqa@ alg%sgi-ogdw}l’]gaz’?ﬁezqse'ne | ess than 0.5%in

total butyl benzene not detectable with GC used.

Exampl e 5 Higher A efins Production with MCM 22

Calahly st RigherQiefing Breduptiqy pathdey-22 oad Raffimata2 JivaeFeed

igomerize the same ddnthetic lRaffinatdZ?

t 130 PSS ed | n Exanpie 3 and 12:9The cdbdPyst wdd-79
Juy MVERoAnd t o 5 ¢20hnd | 0d88d i nt o 78146 76.75
tivi vof | ow, fixed-bed, tubular reactor

cat &fst was dried at 199¢ and 1 @8 with 0D cc/ miho3
fl oy nitrogen for 2 Brs. Thel# t r oger0-Uhs t ur rep
of f Carld the feed was intrldduced tbl2 he reabt®r at 6013
cc/ RB=until reactor pre2%¥fre readhéll the @e98red 30046
pSi 9%%70 kPa). Feed fld% was rdddéed tol123%59 cc/hg.18
(0. ?13fHSV) and the react®?! t enperld28re wad7486j ust ed786
140€1emd kept at this téeratured-i®r theehtlire rum3l
Li q&P9F product was col | @8ed i n &0-¢vl d-t r d&p7@nd 0.55
anafy¥ed off |ine. Repr@#ntatived-@hta are)-hown i .01
Tabtwn 5. Table 5. Hi ghel00d ef i ns 1PP-Bducti dPO-Oi th  100.0

MCM 22 and Raffinate-2 Type Feed Sanple # 14 15 16 17
All samples collected at 140°C, 300 psig, and 0.7 WHSV.

i 3
havHEtSa(ﬁ%ut si de di amet00 of 4. 760hm (3/160). The 0.01

Example 6:
Oxidation of Sec-Butylbenzene

[0070] To a 100 cc Parr autoclave equipped with a mechanical stirrer were
charged 43.2g (0.32 mole) of a substantially pure sec-butylbenzene supplied by
TCI America and 0.185g (0.001134 mole) of N-hydroxyphthalimide (NHPI,
available from Aldrich). The autoclave was reassembled, leak tested with
nitrogen then reattached to the system. The contents of the autoclave were
pressurized with nitrogen followed by oxygen to obtain an 80:20 nitrogen/oxygen
mixture at room temperature. The contents were then heated to 115°C over a
period of 6 hours, with the oxygen concentration being maintained at
approximately 20% throughout the heating period by refilling with pure oxygen.
Gas samples were taken throughout the heating period to test the oxygen
concentration.  This TCI sec-butylbenzene (with 19 ppm olefinic carbon as
determined by *C NMR) gave 24.5% conversion. The results are presented in

Figure 1.



Days on Stream 14.79 15.79 16.79 17.79 Butenes
Conversion % 79.61 76.03 76.46 76.75 Product

W@EeI0a00i3vi ty, W % Lights (C3-) 0.00 0.01 0.01 BCDEP00TH01210
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0.01 0.03 0.03 0.03 n-C4 0.00 0.00 0.00 0.00 C5-7 b.15
1.12 1.19 1.13 C8= 58.06 61.-58 61.08 61.46 C9-1 1

12.51 13.22 13.31 13.18 Cl12= 16.51 17.28 17.06 17.34

Cle= 6.23 6.19 6.51 6.31 C20= 0.53 0.65 0.76 0.55 C24+
0[0071]0. 0dhe.rwecesds O/ks sepratedOwith $80pes 0 ScBbutPIbedzee produced
sanpl es .col.l ect a 400C, . 30 si g, 0.7 V.
ElarAtaples 1 4 g if"‘l‘%‘n%'gf“esg)c- B@P(}I Sﬁg'r??gagen[zﬁ’@ﬁg\‘?‘%&ol 2§ ppm
18efifie cBdoh addbRFhA¢s bng RgR) gé\fehl 43, BEHRANGE aThe results are
stirrer were charged 43.2g (0.32 nole) of a

salsss presented iy Figure 1 s ebhebpriogessevasealer mpppted edthosanTiges of sec-
' d O,1850. 001,134 nol e), of :
NP e B oo e TR A 008t Repffngter)nifhis sec-
TheylbeiRat IwahVesl psassiefitit *diboneakddtestifsh Wy t'PC NMR) gave
nitrogen then reattached to the system The contents

ok4-2 hecoaversionavihevissdtispare adagrpresented intFiginerlog&he results show

f - obtain_an 80- 2 i.t.ro 0 en
P4t QYRR o CRAER b R, Pofta il it 0 P R ower
hedviad tHag TIAISCedWRIchahap efichdesdfoldiniours, with the

oxygen concentration being nmaintai ned at approxi mately
20% t hr oughout the heating period by refilling with
di¥ampley/gen. Gas sanpl es were taken throughout the -
Hexidiatign o€ SeButythenzenk in the Porsegernf dbglee Qlefatsi on. Thi s

TR, 4 RGO PR D R0 nd o
redsspak gerawes phi@ganl el giof Fhgyaatidilyf POrélkc-bagmaeassupplied
\Algls TrCeI pi?ge%%a V\éimtdh 0.83a7rg'p|g eﬁ-ho;drgg%htt})lg}izlic?ee r&%rll)i g\rzz(i)i(lja%%ee Cfi'rom
Aldrich). The flask was heated using a temperature-controlled heating mantle.
The reaction temperature was 115 °C and the pressure was atmospheric. The air
flow rate was approximately 220 cc/min. Every 45 minutes, a small aliquot of the
reaction mixture was removed from the flask and analyzed by GC. The procedure
was repeated, except the sec-butylbenzene feed was spiked with 1 gram samples
of the higher olefin product obtained in Example 5. The higher olefin samples
were obtained by diluting the reaction effluent with hexadecane and distilling the
mixture under 50 mm Hg vacuum using a 26 plate vacuum jacketed Oldershaw
column with a reflux ratio of 10 to 1. Three fractions were collected: i) a cut
boiling at temperature before the sec-butylbenzene boiling point of 173°C, ii) a
cut boiling in the same temperature region as sec-butylbenzene, and iii) a cut
boiling at a temperature above the boiling point of sec-butylbenzene.  The
oxidation results are shown in Figure 2 and Table 6. The results show that

addition of olefins to sec-butylbenzene significantly reduced the rate of sec-

butylbenzene oxidation.
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results are also presented in Figure 1. The process
was al so repeated with sanplegs of secbutyl benzene
produced in Exanples 3 and 4 (wwth Raffmate-2). This
secbut yl benzene (with 961 ppm ol efinic carbon as
determ ned by 13C NMR) gavEabld65% conversion. The
results are also presented in Figure 1. The results
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(Hxaﬁipqgms to sec-butyl benzene significantly reduced
the rate of secbutyl benzene oxidation. Table 6: Exanple
8 Renoval of Hi gher O efins from Sec-Butyl benzene by

Ma‘ijn;;'iﬁ gat ment

Removal of Higher Olefins from Sec-Butylbenzene by Hydrogenation

[0074) Into a 100 cc Parr autoclave were added sec-butyl benzene (47.5g
0.354 mole) produced from a Raffinate-2 feed by the process of Examples 3 and 4
and 1.6 grams of palladium on alumina powder from Aldrich Chemical Co. The
autoclave was reassembled, leak tested with nitrogen, then pressurized to 55 psig
(480 kPa) with hydrogen. The hydrogen was vented and refilled to remove any
nitrogen. The contents were heated with mechanical stirring to 100°C and the
temperature maintained at 100°C for 3 hours. The hydrogen pressure in the
autoclave was increased to and maintained at 60 psig throughout this heating

period. The contents of the autoclave were then cooled to room temperature under
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the process of Exanples 3 and 4 and 2.5 grans of

sul furic acid (97% . The m xpsire was stirred

vigorously for 1 hour at roomtenperature. Next the

sul furic acid was renoved by washing twice with 50 cc

of hylirsgén dtedsplatrer At Than ugpperames theutidtionanixae wakasmoved,
\&l@\s t hen vvag,he .with 100 cc of a 5 wt.% sodi um

plEete PHAILET 1t 7 BPaFae PHRREIN Y assdeseabesk indixample b4

wat er. The sec-butyl benzene was then dried over 5A

nol ecul ar sieve. A sanple of the dried

déxampleylillbenzene was oxi di zed in a separate experinent
Refloedlr ofoHighen (BlefibX Irgh eSde-Butythen2d®d By cid Treatment and
Fedivgenatiginzene was distilled at 100 mm vacuumwi th a

Gl ai sson_adapter at 98C and was then oxidi zed

d08%3di nte @ t4sc Fagcuteslaveswerendded 35 Exengmsd 0423 mole) sec-

Y r
AR SEOREA (i RO C T W bl st of Broppen d and
Phr 5.0 agihme | ofv AmietlgstaddeflormeRomit & Haanzane2 04grabg of 0.5%
. 354 nole) produced froma Raffinate-2 feed by the
mﬂﬁe@g@ B 2fiming | 05403 mesly  ATheudurs wasythen drydpegenatgd (n23-

0
oieel Ygia, POVERI 537 E]g%)g‘g%ribg%l(gégmrg SJ)r $P hotf¥€ The reaction

aut ocl ave was reasse tested wth nitrogen,
trhiturp ress threinz 6lteted, S&shad gvif 886 lsBdipmnbidarbopdicofpdlowed by

The. hydr ogen vented and,.refilled to renove ar .
A ke R Baay BREE B S BissuRisidh e BER driaiied with a
LlhiskdnNgtabter HOOG@ngo e VaBARA! afny istdNIRLNRA Bdnzene was
100C for hours. The hydrogen pressure in the

dhereridized ageording tethsauogedueerigt pwliintxampl B 60 psi g
t hroughout this heating period. The contents of the

aut ocl ave were then cooled to roomtenperature undera
Bxchmygjenn1at nosphere. At roomtenperature the reaction

Rethov @ o\VBEgK & OMEifls ff drh SeE-Bh tIbdnLonedyZEth ekification
ate_experinent as described in Exanple 12.

HOBFA)I e g0 Retrpeaed g00plyrend dogpimBask,asiwpped with a magnetic
SSESEHBEIET G A Al ST 02D 46 s
Guaytbenné Podomied ffrohe auitry R-tHhemedbed py daugedessrofBxamples 1
558 2o Pt oA yat B PG RO FEes g 03 mole)
Fh@ME?f FhedMixture was heated with stirring for 7 hours at 78-82°C with
methanol reflux. At the completion of the heating period, the reaction mixture
was filtered and washed with 50 cc of a 5 wt.% sodium bicarbonate solution
followed by 50cc distilled water. The upper sec-butylbenzene was then dried over
5A molecular sieve and redistilled at 98°C/80 mm with a Claissen adapter. The
distilled sec-butylbenzene was then oxidized according to the procedure set out in

Example 12.
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the heating period by refilling with pure oxygen. Gas
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are presented in Figure 3. The results show any
treatnments which result in Lpw ol efin content inprove
t he sec-butyl benzene oxidation rate. [0080] Wile the

present invention has been described and illustrated
WLAEMES ence to particul ar enbodi ments, those of
ordinary skill in the art wll appreciate that the

i nvent A oot @8 dor IprS@lding Qh¥li AHd Ri2ehyP Uthyl CERSHAN thE Yprocess
illustrated herein. For this reason, then, reference
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et gl pebéice kPhanglkylaien PERSOSS td° Ppeduce | D alkyAdtion effluent

contacting benzene and a C4 ol efin under al kylation
CORrsIngresc-utylhanzenreangdregtedlengt an al kyl ati on

catal yaf L SuBANNER AR Y\ LO0ELEL IS SRR e o

girbdusenttréaedreffiuge; t he anount of said C8+ ol efins and

produce a treated effluent; (c) oxidizing the

sec- bUfy | berodrsithe seerbptylbenzeas e sad gsnted cflysn tupreduce
.dey and (d) cleaving the hydroperoxide from

?%?Fo%gﬁ{)x?agdgg% phenol and methyl ethyl ketone. 2. The

procedd) of dt¢ainp the mieperaxidehfomr(enta prgdifdz) ptienol ardemethyl

a.chemcal treatnent. 3. The process of claim 2,

\myrlgf:'ﬁ“g'ai d chenical treatment conprises olefin

ol i gomeri zation, selective reduction, selective

oxi dation, esterification, and the addition of

Ret er odrcopiocess of sfaims], wherin dinbitrsatingfb) ewtss . a £hemical

'[Itégm? Qcess of any preceding claim wherein the
treating (b) reduces the anmpunt of said C8+ olefins to
less than 1 wt% of the treated effluent. 5. The

process of any preceding claim wherein the catal yst
B SIRITR e VhsF<ib §fircheTisab UHmeRb CERAiSEs olcfin

];cr)ggjélléﬂérzaqmn:rgglg&g\%ctﬁﬁ!gct? ,Céfgécﬁbé ’oxm}ﬁ{)ﬁ,i Qstérlf'ﬁcatiorl, and the

ul ar si
addition of heteroatoms to olefins, or a combination thereof.

4. The process of any preceding claim, wherein the treating (b) reduces the

amount of said Cg+ olefins to less than 1 wt% of the treated effluent.

5. The process of any preceding claim, wherein the catalyst comprises at least

one molecular sieve of the MCM-22 family.

6. The process of claim 5, wherein the molecular sieve of the MCM-22
family is a molecular sieve having an X-ray diffraction pattern including d-

spacing maxima at 12.4£0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom.



famly is a nol ecular sieve having an X-ray
diffraction pattern including dspacing maxi na at
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Angstrom 7. The process of claim5, wherein the

nol ecul ar sieve of the MCM 228fam |y is selected from
MCM 22, PSH 3, SSzZ-25, ERB-1, ITQI, 1TQ2, MM 36,

MCM 49, MCM 56, UZM 8, and m xtures thereof. 8. The
p7oces$hofpregeys ptf edadi Ag vdieadim themoleculars sicde ©f the ¥IIOM-22

WRERD Bt PR vl B s s BREET, B T ftFn Mom-
23 MENe49, MCMBE, BZOL8Ssdthixthds Mefeo?r Claim9,
wherein said |inear butene is contained in a nixed C4

stream 11. The process of cI aim 10, vvherel n sai d
gxed %e s}({c%gsmo s _deri v(? F m a,st eam g% crude.
st ream conpr i S?ngfeﬁg g PRy MR S c ‘h’B grfogepnses a
3lndaebBBnavt % butadiene 0 to 15 wt % C4 acetylenics 1
to 30 Wt %butene- 1 1 to 15 w %butene-2 0 to 30 wm
% i sobutene 0 to 10 Wt % normal -butane 0 to 1w %

' §0 bu’%ﬁ@?{oc%gs of-fr IEF& dxgré) C\%gg'r]g%f sa%i q rg]?rl Qﬂteﬁg %(r){%:pgg% i %utene

reamis fofa rarfrna
Ozhtthrrﬂeﬁutbxye.SUbj ecting a steamcracked crude C4 stream
to a solvent extraction process to renove butadi ene,
wherein said raffinate stream conprises the foll ow ng

NR).OF PRIPRRER GF c1fim 83812c1‘54;rn Y Qmead ?f(? ilgezirooug%l%m%ﬁcw{&med

C4 acetylenics 20 t % but ene-
bintagneed (Q streartb5 Wt %lsobutene 0Oto 55 w %
normal -butane 0 to 1wt % i so- but ane.

11. The process of claim 10, wherein said mixed C4 stream is derived from a
steam-cracked crude C4 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
0 to 1 wt % iso-butane.

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

0 to 2 wt % butadiene
0to 0.5 wt % C4 acetylenics
20 to 50 wt % butene-1
10 to 30 wt % butene-2
0 to 55 wt % i1sobutene
0 to 55 wt % normal-butane
0 to 1 wt % iso-butane.

13. The process of claim 10, wherein said mixed C, stream is derived from a



13. The process of claim 10, wherein said m xed C4
streamis derived fromaraffinate stream obtai ned by

W@ ady7ee33sng a st eam cracked crude C4 stream t oPEI/EP2007/001210
hydr ogenati on process to renove butadi ene, wherein
said raffinate stream conpri-3®@s the foll owi ng major
conponents: O to 2 w %butadiene 0 to 0.5 w %4
acetylenics 50 to 95 wt % butene-1 0 to 20 wt %
baffanate strepm @bgAned by, subEoting nestéam erdledicrdde C, stream to a
ormal - but ane 0 to 1wt % i S0-but ane., 14. The prAacess
IV BFEGNRNGD Progess olon rampYe ikasiens. Syhaisin saidy &ifigag stream
fdoniprRes aeffbNawmeshdiePeBRfdmhiRed by subjecting a
steam cracked crude C4 streamto a solvent extraction
pr ocess0t®2 ™o butadienadi ene and to an i so- but ene

5 renoval Oy 08exts’ Qharetylenisai d raffinate stream
conpri Séso 9hevt Boblteme-ng nmaj or conponents: 0 to 1 w %
but adi eqeo 00 tv® %bleid-2% C4 acetylenics 25 to 75 wt %
but ene- 31335 (1@ o4 Roblitede butene-2 0 to 5 wt % i sobut ene

0O to 55 %) ] Oto 2w %iso-butane. 15.
10 The progg%%g%gggoghﬁgigga%herein said m xed C stream
is derived froma raftinate stream obtai ned by

subjecting a steamcracked crude C4 streamto a

hyadr ogEHErbedds BF OGRS 30 WhéreHDYAl Rikead, 80 adgddivedFrom a
i so- but ene renoval grocess, wherein said raffinate

Jeifogte steempt iobtasnednby fsebicotiithg fiegnorcraskethonisist €2 s@ean to a
o ] o 0 % cetylenics 75 to 95
APt SRR rope g e MO ThY 1§ b R yd® Rhoval
15  ipsodess,evierein said raffinate stream comprises the following major components:

0 to 1 wt % butadiene
0 to 0.5 wt % C4 acetylenics
25 to 75 wt % butene-1
15 to 40 wt % butene-2
20 0 to 5 wt % isobutene
0 to 55 wt % normal-butane
0 to 2 wt % i1so-butane.

15. The process of claim 10, wherein said mixed Cy4 stream is derived from a

25 raffinate stream obtained by subjecting a steam-cracked crude C, stream to a
hydrogenation process to remove butadiene and to an iso-butene removal process,
wherein said raffinate stream comprises the following major components:

0 to 1 wt % butadiene

0 to 0.5 wt % C4 acetylenics
30 75 to 95 wt % butene-1

0 to 20 wt % butene-2

0 to 5 wt % isobutene

0 to 10 wt % normal-butane

0 to 2 wt % iso-butane.
35

16. The process of claim 10, wherein said mixed Cg4 stream is a refinery mixed

butane/butene stream.

17. The process of claim 16 wherein said refinery mixed butane/butene stream



Oto 10 wt % normal -butane 0 to 2 wt % i so-butane. 16.
The process of claim 10, wherein said m xed C4 stream

w0 200a/09362 nery m xed but ane/ butene stream 17.PJTE€P2007/001210
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process of claim 16 wherein said refinery m xed

but ane/ but ene streanconpri seX-t he foll ow ng maj or
conponents: O to 2 w %propylene 0 to 2 w % propane
Oto5w %butadiene 5 to 20 wt % butane- 1 10 to 50
vromprises thadolfoveing sader campenestsbut ene 10 to 45 wt %

I so- but gne,5 40 25 % n- but ane 18. The process of
claim1l 5 %mgv%éphopggéfng m xed C streamis derived from
a C4 fralg dBI°RARed from an oxygenate to ol efin

conver s? &h° Bitgey@dieng  The process of claim 18,

wher ei nd §a2QwEX bytare-lon conprises the fol | owi ng ngj or
conponé&hites30 @t Pebutang-2% propyl ene 0 to 0.5 wt %

pr opane5 @ 25wl YnisoBatbnd adi ene 10 to 40 wt % but ene- |
50 to 86toM5 %t buisemataneCr 0 10 Wt % i sobutene 0 to 10

Wt % nos ppgs and, A-pphtane. 20. The process of any
preceding claim wherein said al kyl ation conditions

i nclude a tenperature of from60C to 260C and/ or a
di8es s Ufhe ppbceg0hclkina 10y wharsia saiddhixed &, fseeshmiedghted from a

| v. space vel ocit VHSV) based on C4 al kyl ating
I;égrmc}/l% %Spmd%.(’ln ?B%ﬁggq’i‘f"t\é)ltog PSONYCIHINAOGESE i 0 of
benzene to butene from1 to 50. 21. The process of any
preceding claim wherein said contacting (a) is
déndudihedregedee! daim &8.svhaseintspidl Cd fraptiod cphmpsises the following

91%{?&' éoin%b%'ents:

Oto1 wt % propylene
0to 0.5 wt % propane
0to 1l wt % butadiene
10 to 40 wt % butene-1
50 to 85 wt % butene-2
0 to 10 wt % isobutene
0 to 10 wt % normal and isobutane.

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

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

21. The process of any preceding claim, wherein said contacting (a) is

conducted under at least partial liquid phase conditions.

22. The process of any preceding claim, wherein said contacting (a) also
produces polybutylbenzenes and the process further comprises contacting said
polybutylbenzenes with benzene in the presence of a transalkylation catalyst to

produce sec-butylbenzene.



22. The process of any preceding claim wherein said
contacting (a) also produces pol ybutyl benzenes and the

W@e@cess6s urt her conprises contacting said PCT/EP2007/001210
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pol ybutyl benzenes wi th benzene in the presence of a
transal kyl ati on catal yst to-pr-oduce

sec- butyl benzene. 23. The process of claim 22, wherein
the transal kyl ati on catal yst conprises a nol ecul ar

Aeve Ehd poress dfradaimz22)| whereinghe fransalldgdatidnecatdlgd, comprises a

VERIEEar REVE SHeclEBal Ehberhsttpatienie, USY, MM 3ppsiia,

BIZ%2$ S ERB-ANYT flecﬁ‘i% DY MECM-T5, WEVEeig) ﬁglgsmlﬁm 89 and

(c) is conduct e e presence of a ca
gelxégeethefaobm (a) an oxo (hydroxo) bridged
tetranucl ear nmetal conpl ex conprising nmanganese; (b)
an oxo (hydroxo) bridged tetranuclear netal conpl ex

havi noTiRe HroRes MBEt ahy GRe&dif 1Rt avh&bint Qﬁdcgﬁi%lzl?ﬁ%mr(g) is

a divalent netal selected from Zn, Cu,
arddudtsd wrthe ptdﬁ@m@cﬂ‘f acpathlysheelbeted fromal bel ng a

bt o Bl ERE (S ieES) ickEd Teirdhledt, st Sgfel, Eifurising

imarianesel her al one or |n the presence of a free
radical initiator; d) _ _
N, N, NP gp |0ﬁ9dhﬁi(9¥%)o drtpteanyelear Bletdl spmplexnkaving pmixed

trH&alpJoFr‘ec' ?}?1%%851 & thé grerb%ﬂ}gcfhl\)af\;\é# fn%{a? E?lﬁ eé% )f(rIB‘IeZn Cu, Fe,

rocess any prec e
(GZQ N5 Faonaut trmdtlnes ahdrmfp m(htauotheloﬁne?zﬂQ)élﬂg 20 (ﬁﬁfalent metal

Selieehbrbly 1okt SheRDrubuddugs tierpTor ccedi ng cf ai m
wher ei(g) 4hR- Wd@@ sﬁﬂ)ed‘@cﬁ@ﬂglﬁe%ﬁﬂer'%ﬁm 19&@5%?1‘@&%% of

of a catalyst The process of any preceding claim
wHegegndicalhoitptaasmdg (d) is conducted in the presence

f | 28. Th
27, AT SRSt ABS Rk B gt A58 B PLuE ripsBhee of a

Hﬁﬁsﬁmeﬂen@@uﬁulfurlc acid, perchloric acid,
phosphori c acid, hydrochloric acid, ptoluenesulfonic
acid, ferric chloride, boron trifluoride, sulfur

@ispm ] f y
pr ecegﬁ1 Sﬁ&fegly!r)r{ er%zéél@r?léj ﬁe C’I‘gg\?(ig%gﬁ e(&)?&&m% (c uer dlgted
at a temperature of 70°C to 200°C and/or a pressure of 50 to 2000 kPa (0.5 to 20

atmospheres).

26. The process of any preceding claim, wherein the cleaving (d) is conducted

in the presence of a catalyst.

27. The process of any preceding claim, wherein the cleaving (d) is conducted

in the presence of a homogeneous catalyst.

28. The process of claim 27, wherein said homogeneous catalyst comprises at
least one of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-
toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur

trioxide.



in the presence of a heterogeneous catalyst. 30. The
process of claim29, wherein said heterogeneous

W@ 26031093362 conpri ses a snectite clay. 31. The prOLEB®0TH01210
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any preceding claim wherein the cleaving (d) is
conducted at a tenperature 632-40C to 1200C and/or a
pressure of 100 to 1000 kPa, and/or a liquid hourly
space velocity (LHSV) based on the hydroperoxide of 1
to 50 hr 1 . 32. A hydrocarbon conposition boiling

id hi n5. d C of ch | benzene and co {Sin
20 1 eale SEOCRAT ol DissEORdlben ShAR 48 TeIs Fsiscted
Gih thdipresence bl §8BRfchendods clﬁgshydr ocar bon conposi tion
of claim32 and conprising 50 to 500 ppmw of butene

ol i goners. 34. The hydrocarbon conposition of claim 32

cl aj and .c r4Si l.ess ,than 0.5 wt % qf .
20 but PR Rs SR SR A o § F e Risensal® iy compises o
téneectiyedsiggar bon conposi tion of any one of clains 32 to
34 in a nethod for produci ng phenol and nethyl ethyl
ket one.

31. The process of any preceding claim, wherein the cleaving (d) is conducted
at a temperature of 40°C to 120°C and/or a pressure of 100 to 1000 kPa,.and/or a

liquid hourly space velocity (LHSV) based on the hydroperoxide of 1 to 50 hr.

32. A hydrocarbon composition boiling within 5 degrees C of sec-
butylbenzene and comprising at least 95 wt% sec-butylbenzene and 20 to 1000

ppm wt of butene oligomers.

33. The hydrocarbon composition of claim 32 and comprising 50 to 500 ppm

wt of butene oligomers.

34. The hydrocarbon composition of claim 32 or claim 33 and comprising less

than 0.5 wt% of isobutylbenzene and tert-butylbenzene.

35. The use of the hydrocarbon composition of any one of claims 32 to 34 in a

method for producing phenol and methyl ethyl ketone.



