PROCESS FOR PRODUCI NG PHENOL AND METHYL ETHYL KETONE
FI ELD OF THE | NVENTI ON [ 0001] The present invention
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[ 0002] Phenol and nethyl ethyl ketone are inportant
products in the chem cal industry. For exanple, phenol
is useful in the production of phenolic resins,
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by dehydrogenation of sec-butyl alcohol (SBA), with the alcohol being produced

by the acid-catalyzed hydration of butenes. Commercial scale SBA manufacture
by butylene with sulfuric acid has be accomplished for many years via gas/liquid
extraction. Improvements to this hydration proces include a process configuration
that utilizes a unique combination of plug flow, bubble column, and CSTR
(Stirred Tank Reactor) reaction sections to achieve high conversion of butylene.
Other improved processes use spargers, custom-designed for butylene/sulfuric
acid absorption/extraction. Also, loop reactors may be preferred to improve
mixing intensity. In sec-butyl alcohol dehydrogenation, crude sec-butyl alcohol is
recovered in absorption or extraction sections using several towers, preferably, a
single tower, to separate sec-butyl alcohol from sec-butyl ether. |

. [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,
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hydr oper oxi de to produce equi nol ar anmounts of pheno

and acetone. However,the world demand for phenol is
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hydroperoxide, carboxylic acids and phenol, (b) styrenes or (c) methylbenzyl
alcohol. However, the method used to obtain the required sec-butylbenzene is not
disclosed.
[0007] European Published Application No. 1,088,809 discloses a process for
producing phenol, methyl ethyl ketone and acetone by the oxidation of a mixture
containing cumene and up to 25 wt% sec-butylbenzene and the subsequent Hock
cleavage of the hydroperoxides, so that the ratio of the phenol:acetone:methyl
ethyl ketone in the product can be controlled via the composition of the feed
mixture. The feed mixture is produced directly by the alkylation of benzene with
a corresponding mixture of propene and 1-butene/2-butene in the presence of a
commercial alkylation catalyst such as AICl;, H3PO,/SiO; or a zeolite.

[0008] However, existing commercial catalysts for the alkylation of benzene

with butenes, typically AICl; and solid phosphoric acid, produce not only sec-
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[0010] U.S. Patent No. 5,059,736 describes a process for producing sec-
butylbenzene from benzene and n-butene, comprising reacting benzene and n-
butene in the presence of a homogeneous liquid aluminum chloride complex
catalyst, said catalyst comprising aluminum chloride, hydrogen chloride, and an
aromatic hydrocarbon, wherein the amount of aluminum chloride used as a
component of the complex catalyst is from 0.51 to 5% by weight of the benzene
used, the reaction temperaturé is from 20°C to 70°C, and the amount of
isobutylbenzene formed as a by-product is such that the weight ratio of
isobutylbenzene to sec-butylbenzene formed is not more than 0.01:1. However, as
discussed above, even isobutylbenzene impurities of 1 wt% significantly inhibit

the oxidation of sec-butylbenzene to the corresponding hydroperoxide.
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anounts of isobutyl benzene and tert-butyl benzene
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[0013] According to the present invention, it has been found that the use of
zeolite beta or an MCM-22 family zeolite as the catalyst in the alkylation of
benzene with linear butenes produces sec-butylbenzene that is substantially free of
isobutylbenzene and tert-butylbenzene and hence is an attractive feed for the Hock

cleavage to produce phenol and methyl ethyl ketone.

SUMMARY OF THE INVENTION

[0014] In one aspect, the present invention resides in a process for producing
phenol and methyl ethyl ketone, the process comprising:
(a) contacting a feed comprising benzene and a C, alkylating agent

under alkylation conditions with catalyst comprising zeolite beta or a molecular



contacting the aromatic hydrocarbon with a C2 to C4

ol efin alkylating agent or a pol yal kyl aromatic
whyasocwedon transal kyl ati ng agent, under at |BEFEP2005/008557

partial liquid phase conditions, and in the presence

of a catalyst conprising zeollt§ beta. Suitable olefin

al kyl ating agents are said to include ethylene,
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[0017] Conveniently, the molecular sieve is selected from MCM-22, PSH-3,
SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and
mixtures thereof. "Mixtures" as used here and throughout this specification and
the appendant claims means any two or more items from the relevant list.

[0018] In one embodiment, said contacting (a) is conducted under at least
partial liquid phase conditions. Conveniently, said alkylation conditions include a
temperature of from about 60°C to about 260°C, 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 Cy alkylating agent from
about 1 to 50.

[0019] 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,



[ 0015] Advant ageously, the catalyst used in step (a)

is a nol ecular sieve having an X-ray diffraction
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6. 90. 15, 3.570.07 and 3.420.07 Angstrom Conveniently,
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of isobutyl benzene. [0016] Conveniently, the C4
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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'.
[0024] In further aspect, the present invention resides in a process for
producing phenol and methyl ethyl ketone, the process comprising:

(a) contacting benzene with a C4 alkylating agent under alkylation
conditions with catalyst to produce an alkylation effluent comprising sec-
butylbenzene;

(b)  oxidizing the sec-butylbenzene from (a) in the presence of a
catalyst to produce a hydroperoxide; and

(©) cleaving the hydroperoxide from (b) in the presence of a catalyst to
produce a phenol and methyl ethyl ketone,

wherein each of the catalysts employed in (a), (b) and (c) is a heterogeneous

catalyst.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] The present invention is directed to a process for producing sec-
butylbenzene and then converting the sec-butylbenzene to phenol and methyl
ethyl ketone. The conversion involves initially oxidizing the sec-butylbenzene to
produce the corresponding hydroperoxide and then cleaving the resulting
hydroperoxide to produce the desired phenol and methyl ethyl ketone.

[0030] In particular, the invention is based on the discovery that when
benzene is alkylated with a C, alkylating agent, such as a linear butene, over a
particular class of heterogeneous, molecular sieve catalysts the alkylation can be
controlled to produce sec-butylbenzene that contains less than 0.5 wt%, such as
less than 0.1 wt%, of isobutylbenzene and/or tert-butylbenzene which would
otherwise act as inhibitors in the oxidation step.

[0031] The heterogeneous catalyst in the alkylation step is selected from
zeolite beta or a molecular sieve having an X-ray diffraction pattern including d-

spacing maxima at 12.4+0.25, 6.920.15, 3.57+£0.07 and 3.42+0.07 Angstrom. In
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conversion of oxygenates, such as methanol, to lower olefins.

[0035] For example, the following Cs hydrocarbon mixtures are generally
available in any refinery employing steam cracking to produce olefins; a crude
steam cracked butene stream, Raffinate-1 (the product of remaining after solvent
extraction or hydrogenation to remove butadiene from the crude steam cracked
butene stream) and Raffinate-2 (the product remaining after removal of butadiene
and isobutene from the crude steam cracked butene stream). Generally, these

streams have compositions within the weight ranges indicated in Table 1 below.

Table 1
Component Crude C4 Raffinate 1 Raffinate 2
stream Solvent Hydrogn. Solvent Hydrogn.
Extraction Extraction
Butadiene 30-85% 0-2% 0-2% 0-1% 0-1%
C4 acetylenes 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%




benzene is alkylated with a C4 al kyl ating agent, such

as a linear butene, over a particular class of
whedoeooigemeous, nol ecul ar sieve catal ysts t he PCI/EP2005/008557

al kyl ati on can be controlled to produce

sec- butyl benzene that contains fess than 0.5 wt% such

as less than 0.1 wt% of isobutylbenzene and/ or

Tabuad: 20, 690 A5 3 H P 0 and 342007 Angstraom
%Igu i het g%rggeneoug‘i vat ah ysbt’]s%’ar e p;D'le(yéra ] 376'2%
enpl oyed |n one, or nore preferably both, of the

oxi dati on_and cleavage steps of the present process.

BEW36he APlegr rafingty POOTA s Tranise spdnes thept obieihed byt ¢talytic
SR R 8B A RO SPROA TR0, 3005 s i

t bempeditzene has a purity |evel of at least 99 wt %
[0033] The al kyl ating agent can be any aliphatic or
aromatic org‘éﬂﬁ’b’@néonpog Yavi ng one or nore avail abl e
al kyl ati ng BT9pph&ti c gPdupde capabl e of reaction with
benzene andBhtadieng 4 e8idbwito at oms. Exanpl es of

sui t abl e C4ABatekgdlat i ng5-ageitbs i ncl ude nonool ef | ns,
such as | i nBetendslit enes]O-fawt’ cul arly butene- 1 and/or
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as the but aNdlutpe di al k§25 ethers, such as di butyl

et hers; and al kyl halides such as the butyl chlorides.
[ 0034] The al kyl ati ng agent can also be an olefmc 4
hydrocar bon m xture such as can be obtai ned by steam
cracki ng of ethane, propane, butane, LPG and |i ght
napht has, catal ytic cracking of naphthas and ot her
r808Her y Gudwducattion feactiolpyolginud fionothe abnveryige mébeggenates,
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Propane - 0-0.5 wt%
Butadiene - 0-1 wt%
Butene-1 - 10-40 wt%
Butene-2 - 50-85 wit%
Isobutene - 0-10 wt%

N- + iso-butane - 0-10 wt%

[0038] Any one or any mixture of the above C; hydrocarbon mixtures can be
used in the process of the invention. In addition to linear butenes and bﬁtanes,
these mixtures typically contain components, such as isobutene and butadiene,
which can be deleterious to the process of the invention. For example, the normal
alkylation product of isobutene with benzene is tert-butylbenzene which, as
previously stated, acts as an inhibitor to the subsequent oxidation step. Thus, prior
to the alkylation step, these mixtures preferably are subjected to butadiene

removal and isobutene removal. For example, isobutene can be removed by
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obt ai ned fromthe conversion of oxygenates, suc
neitdaznsodhtained |bywesrygehalt i qogversion prppiss atlyplyalhaventtamunreacted
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Bud Siltgected tHOnSer Wobe bs allaireRoval) nitbgéeh Q{@moval 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.
[0040] Although not preferred, it is also possible to employ as the alkylating
agent in the alkylation step of the invention a mixture of a C, 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
can then be processed through oxidation and cleavage, to make a mixture of
acetone and MEK, along with phenol, preferably where the molar ratio of acetone
to phenol is 0.5:1, to match the demand of bisphenol-A production.
[0041] Conveniently, the total feed to the alkylation step of the present
invention contains less than 1000 ppm, such as less than 500 ppm, for example
less than 100 ppm, water. In addition, the total feed typically contains less than
100 ppm, such as less than 30 ppm, for example less than 3 ppm, sulfur and less
than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm, nitrogen.
[0042] As to the molar ratio of benzene to alkylating agent, it is preferable of
from 2:1 to 3.5:1, most preferably of from 2.5:1 to 3.2:1.
[0043] The alkylation catalyst used in the present process is a crystalline
molecular sieve selected from (a) zeolite beta or (b) a material having an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07
and 3.42+0.07 Angstrom. The X-ray diffraction data used to characterize the
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g?%ggr,}:legﬁgyl%gagi/e? 4{81?‘12%% ggragmd;{%}lgﬁg a&%ﬁ%tn’g azgrft,h arg%)rought into
contact with an alkylation catalyst in a suitable reaction zone such as, for example,
in a flow reactor containing a fixed bed of the catalyst composition or in a
catalytic distillation reactor, under effective alkylation conditions. Such
conditions include a temperature of from about 60°C to about 260°C, for example
between about 100°C and about 200°C, a pressure of 7000 kPa or less, for
example from about 1000 to about 3500 kPa, and a weight hourly space velocity
(WHSV) based on C, alkylating agent of between about 0.1 and about 50 hr™’, for
example between about 1 and about 10 hr”'. Typically, the molar ratio of benzene
to alkylating agent is from about 1 to about 50, for example from about 2 to about
10.
[0047] The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, i.e., free from intentional

admixture or dilution with other material, or they can be brought into contact with
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[0050] Transalkylation with additional benzene is typically effected in a
transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as an MCM-22 family catalyst, zeolite beta, MCM-
68 (see U.S. Patent No. 6,014,018), zeolite Y and mordenite. The transalkylation
reaction is typically conducted under at least partial liquid phase conditions, which
suitably include a temperature of 100 to 300°C, a pressure of 1000 to 7000 kPa, a
weight hourly space velocity of 1 to 50 hr' on total feed, and a
benzene/polyalkylated benzene weight ratio of 1 to 10.
[0051] When the polyalkylated aromatics are polyethylbenzenes and are
reacted with benzene to produce ethylbenzene, the transalkylation conditions

preferably include a temperature of 220 to 260°C, a pressure of 2000 to 3000 kPa, a



5,236,575), MCM 56 (described in U S. Patent No.
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invention Ts highly selective to sec-butyl benzene. |n
panixied nietal coie, ong nfetal red theneare bpingsediypigeiyngiahsedepéed from Zn,

pré’lﬁ lf‘ce,e 80,“18{, ﬁrll Iaﬁ/d I%?th eis ﬁrc’eréo?‘?iﬁd another metal being a trivalent metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof. The entire disclosures of
said U.S. patents are incorporated herein by reference.
[0053] Other suitable catalysts for the sec-butylbenzene oxidation step are the
N-hydroxy substituted cyclic imides described in Published U.S. Patent
Application No. 2003/0083527 and incorporated herein by reference, such as N-
hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-
hydroxyphthalimide, N-hydroxyhetimide, N-hydroxyhimimide, N-
hydroxytrimellitimide, N-hydroxybenzene-1,2,4-tricarboximide, N,N'-
dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-3,3',4,4'-
tetracarboxylic dijmide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-
dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide,
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[0055] ~ The third step in the present process involves cleavage of the sec-
butylbenzene hydroperoxide to produce the desired phenol and methyl ethyl
ketone. The cleavage reaction is effected by contacting the sec-butylbenzene
hydroperoxide with a catalyst in the liquid phase at a temperature of about 20°C to
about 150°C, such as about 40°C to about 120°C, a pressure of about 50 to about
2500 kPa, such as about 100 to about 1000 kPa and a liquid hourly space velocity
(LHSV) based on the hydroperoxide of about 0.1 to about 100 hr', preferably
about 1 to about 50 hr'. The sec-butylbenzene hydroperoxide is preferably
diluted in an organic solvent inert to the cleavage reaction, such as methyl ethyl
ketone, phenol or sec-butylbenzene, to assist in heat removal. The cleavage
reaction is conveniently conducted in a catalytic distillation unit.

[0056] The catalyst employed in the cleavage step can be a homogeneous

catalyst or a heterogeneous catalyst.
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cgrnqglcrtlﬁgégﬁ%%@:{&eygﬁ%ﬁbxo) bri dged tetranucl ear netal
conpl ex having a m xed netal core, one netal of the

core bei a divalent netal select f Zn, Cu, Fe,
ol 1y scirin tepgine B GHother et a
RFME@] a tAivalenh sHRbRI oSel RECHI2S CARIH (65 81 %MICMER2/35%
and m xtures thereof. The entire di'sclosures of
salughing Sindent was sised doi Hheorlplatioe ddfhleangene ith butene-2. The

reference. .[ Q05 Qhe uj t at al yst or.th
BRI O g S0 o (PR, PPl Spgpo e and
swias tdilhtet agitlc ¥&ld © 3 Bt dad 16eiea rihfoesh isothRrhhl d6@d-fldws. fixed-
Pat ent. Application No. 2003/0083527 and i ncoiég,or at ed
hBebitibWyr reagter Raydrg an qutsidg dliswpster obd-AEn(3/ H de The catalyst

4545A80a %%C%ﬁﬁhﬁgﬁv#ﬁg g@ cc/min flowing nitrogen for 2 hours. The

3-am no- oxypht
nitrogen was turned off and benzene was fed to the reactor at 60 cc/hr for 1 hour

and then reduced to desired WHSV while the reactor pressure was increased to
300 psig (2170 kPa). 2-butene (mixture of cis and trans) was introduced from a
syringe pump at a 3:1 benzene/butene molar ratio and the reactor temperature was
ramped to 160°C at 5°C/min. Liquid product was collected in a cold-trap and
analyzed off line. Butene conversion was determined by measuring unreacted
butene relative to feed butene. Stable operation with 95%+ butene conversion
was obtained at butene flow rate of 1.5 WHSV. Catalyst performance at 10 and

13 days on stream are shown in Table 2.

Example 2: Sec-Butylbenzene synthesis using zeolite beta
[0061] The process of Example 1 was repeated but with the MCM-22 catalyst
being replaced by 0.5 gm of a zeolite beta catalyst (65 wt% beta/35% alumina



t et r abr ono- N- hydr oxypht hal i m de,

t etrachl or o- Nnydr oxypht hal i m de, N hydroxyheti m de,
wORMWgMrIBzy hi m m de, Nhydroxytrinellitim de, PCT/EP2005/008557

N- hydr oxybenzene-|, 2, 4-tri carboxi mde, N/ N -

di hydroxy(pyronellitic diim'de)16

N, N - di hydr oxy(benzophenone- 3, 3 4' -

di i m de), N hydroxymal ei m de,

pybindiry elgﬁinBWﬂh dhe batafyst bleng Iidhylchr forysoft e i, 61111&661/16") diameter

N- %g%rggxgx (L g'éagtél K alltgl]ygtegerf orma ger gtx )f g nor oJag]/se rg)% stream are

e&QOQEQy@mggg 7-oxabi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di carb

oxi nm de, N- hydr oxy- ci s- cycl ohexane- 1, 2-di carboxi m de,

N- hydr oxy-ci s- 4-cycl ohexene- 1,2 dlcarbOX|n1de

N- hydr oxynapht hal i m de sodiun1sa|t or

N- hydr oxy- obenzenedi sul phoni mi de. These materials can

be used either alone or in the presence of a free

radical initiator and can be used as I|iquid-phase,

honogeneous catal ysts or can be supported on a solid

carrier to provide a heterogeneous catal yst. [0054]

Sui tabl e conditions for the sec-butyl benzene oxi dation

step include a tenperature between about 70C and about

200C, such as about 90C to about 130C, and a pressure

of about 0.5 to about 10 atnospheres (50 to 1000 kPa).

A basic buffering agent may be added to react with

acidic by-products that may form during the oxidation.

I n addi ti on, an aqueous phase nmay be introduced, which

can hel p di ssol ve basi c conmpounds, such as sodi um

carbonate. The per-pass conversion in the oxidation

step is preferably kept below 50% to mnimze the

formati on of byproducts. The oxidation reaction is

conveniently conducted in a catalytic distillation

unit and the sec-butyl benzene hydroperoxi de produced

may be concentrated by distilling off the unreacted

sec- butyl benzene prior to the cl eavage step.

Hydr oper oxi de C eavage [0055] The third step in the

present process involves cl eavage of the

secbut yl benzene

tetracarboxylic



hydr oper oxi de to produce the desired phenol and net hyl

et hyl ketone. The cl eavage reaction is effected by
w@ombaciseeg t he sec-butyl benzene hydr oper oxi deP@i/EP2085/008557

catalyst in the liquid phadg at a tenperature of about

20C to about 1500C, such as about 40C to about 1200C,

a pressure of about 50 to about 2500 kPa, such as

about 100 to about 1000 kPa and a liquid hourly space

velocity (LHSV) based on the hydroperoxi de of about

0.1 to about 100 hr 1, preferably about 1 to about 50

hr 1 . The sec-butyl benzene hydroperoxide is

preferably diluted in an organic solvent inert to the

cl eavage reaction, such as nethyl ethyl ketone, pheno

or sec-butyl benzene, to assist in heat renoval. The

cl eavage reaction is conveniently conducted in a

catalytic distillation unit. [0056] The catal yst
enpl oyed n the cl eavage step can be honogeneous
cat al ystn, pr @ he@erpgeneolisscyt & ystS[ 0057k Buidt &j
hormgenéi)us @I éava@ 3a£aby§t §incEude sd Bugl € &
perchl oric acid, phosphorlc aci d, hyd ochl oric aci
agd p-toIUenesquonlc acid. Ferric chloride, boron
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a%w ef f?japt | me%hmgﬁ@%us 8l g’a\m% tafyst & STie

! @ .Q N
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catalyst was in the formof a 1.6mm (1/16") dianeter
cylindrical extrudate and was diluted with sand to 3
wa@eooanssk®aded i nto an isothermal, down-flow, PCRERES)08557

tubul ar reactor having an outside dianeter of 4.76nmm
(3/16"). The catalyst was dried_at 125C and 1 atmw th
100 cc/mn flow ng nitrogen fof “2 hours. The nitrogen

was turned off and benzene was fed to the reactor at

60 cc/hr for 1 hour and then reduced to desired WHSV
while the reactor pressure was increased to 300 psig
(2170 kPa). 2-butene (m xture of cis and trans) was

| Noo6ziucedatd dNTALRYZ ish@e thAtNPICM-22 dhtdlyhienzenghBub@ie and
nol ar ratio and the reactor tenperature was ranped to
166kctye Buythe groducten af preokiibengsae sathoatpredusing 4 measurable

col . d- & ine u - ersj

R0 AL Ul eI L FORGEC BT A ne
f eC MR eves. al St idtesstabidewithinorsigt éfhdeQbvatibutdarieg the 13-day test
conversi on was obtai ned at _butene flow r

. ate of 1.5 )
WHBie ooty Beta shewert Aeprbwitial agevighaAliBowglyis depptiypied apnidly
ar : ; - |
oy Fraahl of BuitAL b Rama ARG Boolfe b il AR SR Bty benzene
Exwitiplue fdrodecing epeatiethld ypiantittds ofH asdviidyD2nzamtal YWablite beta
bei ng repl aced by. 0. m_of zeolite beta catalys
(5o Heb sl b FpidBr o, et Vot HL R & MCM-22,
Calaby S§mpPEbdat 993 REnSepdidh, MCRI-22 GETLbdt 8O, otk IRESE than
cylindrical extrudate. Catalyst performance at 1, 3
arrgoBtedgipsfon pecshutpldemzene peidooiion. n Tabl e 2. Tabl e 2.
Catal yst MCM 22 Zeolite Beta Days on Stream 10 13 1 3
5 ButeneWHSV. h 1 1.5 1.5 2.0 2.0 2.0 2-Butene Conv, %
95.8 96.4 97.5 70.4 48.5 Product Selectivity. w% i so-

& 1-Butene 0.049 0.015 0.008 3.353 6.276 C5-C7 0.077
0.Freumple 33 feyrBugylbenzens synthesis using MCM-22

[0063] A 1.0 gram sample of the same MCM-22 catalyst (65 % MCM-22/35%
alumina binder) as used in Example 1 was used for the alkylation of benzene with
2-butene. The catalyst was in the form of a 1.6 mm (1/16") diameter cylindrical
extrudate, chopped to 1/16" length, and was diluted with sand to 3 cc and loaded
into an isothermal, down-flow, fixed-bed, tubular reactor having an outside
diameter of 4.76mm (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 for 1 hour and then reduced to desired WHSV
while the reactor pressure was increased to 300 psig (2170 kPa). Butene feed
(57.1% cis-butene, 37.8% trans-butene, 2.5% n-butane, 0.8% isobutene and 1-
butene, and 1.8% others) was introduced from a syringe pump at a 3:1
benzene/butene molar ratio, and this ratio was kept constant for the entire run.
The reactor temperature was ramped to 160°C at 2°C/min. Liquid products were
collected at reactor conditions of 160°C and 300 psig in a cold-trap and analyzed
off line. 2-Butene conversion was determined by measuring unreacted 2-butene

relative to feed 2-butene.



C and G 2 (butene oligoners) 2.199 2.246 1.295 12.883
12. 828 Cunene 0.069 0.071 0.073 0.046 0.041

wa erob/0Bsee/| benzene 0.099 0.098 0.623 0.112 0. 1PGI/EP2005/008557
i so- Butyl benzene* 0.000 0.000 0.000 0.000 0.000
sec- Butyl benzene 90.911 90. 812 .83. 237 74.931 70. 144
n- But yl benzene 0.013 0. 013 0. 026 0. 005 0. 007
Di - butyl benzene 6.064 6.105 12.664 4.330 3.355
Tri-butyl benzene 0.261 0.298 1.409 0.036 0.000 Ot hers
0.258 0.276 0.630 3.942 6.895 Sum 100. 00 100.00 100.00
10®60D 10TheOGtBystvivizeonz simeanCdompédsiays eh 1.AVHSV of butene with

t-Buytyl| benzene 0.10 .10 . .1 153 .

| LEibYRBE R EREOT S0 O 600 5008 0. b oo then 1 day
SgC7 BukviSReR#R 1890 derfrsi P -28d folveBBy a%agélégaaﬂ aB36 WHSV
n- But yl benzene 0.014 0.014 0.024 0.007 0.010 Sum

106thC0 %4 oo veesiarp ONoGleadyation wao defgeted dypngiheyl hdazieptecycle.
ngt nmeasuyr a could b scured by sec-butyl benzene
g BWS@%%E@%@%P%FEWW?}?ee];%%’?T%OGZ] Data in Table 2 show
that MCM 22 catal yst was highly active and sel ective
for the production of sec-butyl benzene w t hout
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was about 8% npre sel ective than



zeolite beta for sec-butyl benzene production. Exanple

3: Sec-Butyl benzene synthesis using MCM 22 [ 0063] A
wa 2@6013020 sanpl e of the sane MCM 22 cat al yst (BGI/E#2005/008557

MCM 22/ 35% al um na bi nder) 28s used in Exanple 1 was

used for the al kylation of benzene with 2-butene. The

catalyst was in the formof a 1.6 nm (1/16") dianeter

cylindrical extrudate, chopped to 1/16" |ength, and

was diluted with sand to 3 cc and | oaded into an

I sothermal, down-flow, fixed-bed, tubular reactor

havi ng an outside dianeter of 4.76mm (3/16"). The

catal yst was dried at 150C and 1 atmwith 100 cc/nin

flowing nitrogen for 2 hours. The nitrogen was turned

of f and benzene was fed to the reactor at 60 cc/hr for

1 zrllour and t hen reduced to desi red VWHSV while the

react ILEISSUr-e oWas «d BCKe o PR B| g 79 %P3).

But eng{ffg (58 ¥o6ciss éJ g.i?”%o rans- %Zu%eclae5 g
2. 5% n-buta 078%i's and 1- but ene, and 1. 8¢
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wag on, sfream ko 4 dags g 3
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durligng” the® L1- day test Tycle.& Repf edentali ve Gataare
eshgwn| in Taple 3. Exanple 4: Sec-Butyl benzene
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avai l able from UOP). The catal yst was sized to 14-24
mesh and | oaded to the reactor in a glove bag with
WORW6OUBe6 pur ge. Representative data are shownPCTERzbH/e8557
3. Tabl e 3. Catal yst MCM 22 SPA Days on Stream 3.8 5.9
7.1 10.8 0.79 1.79 2.79 ButeneWHsSV, h" 1.6 4.8 7.2 1.6
1.0 1.0 1.0 2-Butene Conv, %9777 95.3 86.0 97.2 80.0
67.9 61.3 Product Selectivity, w % so-Butane 0.010
0. 001 0.004 0.008 0.014 0.031 0.021 I|so-Butene&
1- Butene 0.000 0.020 0.355 0.000 0.965 2.482 3.970
CE{OQEG] 0. 2Ditalin Table® 482 thatlthe MCRI12D cat896 v(Zthﬂﬁclﬁgox&mdtive
bute I' o rs) 0,812 1.753 2.556 1.910 567
5 e i rrSBRos0a8%037 g G Rs86%
0 cQﬂVerhoﬁUMﬂl\@QQZi@ e legstl’ﬁﬁmgs Qrﬁﬁ)e Qct%ethgn #E3SPA I3RICM-22 is
946 | so- Butyl benzene* 0.000 0.000 0.000 0.00
o ammlghww@lectlmﬂ)rIse&bﬁlymszrb&mMDanmﬂS antBdo®er @8&ncy

0. 5450 10 B0 Sidifnefo 12 o Aol e T 11-day test
ch Bt withan Za@ﬂ?&n&c@ﬁ&l & Whcthaflry BebBhutydbddRnd - 6)91%%1 is also
%/07 Tri-butyl benzene 1.239 0.420 0.392 0.417 O.

o sunagion witly thp MCAE20. 68y, 008PA. Was agtiv $or0 this Seaction but

1 6182%’6%831%8@@}{}19? 100: 190, lelo%soog%{gﬁolé)egfo]ﬁ%%nce was poor

benzene nposi't

t cBupylet endRiRrOrmante@df0ASMRN29 0. 112 1. 052 1. 265
1.110 i so-Butyl benzene* 0.000 0.000 0.000 0.000 0.000

0. 000 0. 000
Example 5: Sec-butylbenzene synthesis using MCM-49

The process of Example 3 was repeated but with the MCM-22 catalyst replaced
by a) 0.5 gm of MCM-49-A, b) 0.6 gm of MCM-49-B, and ¢) 0.5 gm of MCM-
49-C. The catalyst information and experimental sequence for each run are

provided below:

MCM-49-A: 1/20" quadrulobe extrudate with 80% MCM-49/20% alumina binder,
cut to 1/20" length. The catalyst was on stream for 6 days at 3.2 WHSYV of butene
with 96% 2-butene conversion, 0.8 days at 9.6 WHSV with 88 % conversion, 0.6
day at 14.4 WHSYV with 85% conversion, and followed by 3 days at 3.2 WHSV

again with 95 % conversion.

MCM-49-B: 1/20" quadrulobe 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 98% conversion, 1 day at 8 WHSV with 97 % conversion,
0.5 days at 12 WHSYV 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 WHSYV again with 98 % conversion.

MCM-49-C: 1/20" quadrulobe extrudate with 80 % MCM-49/20 % alumina
binder, cut to 1/20" length. The MCM-49 crystal was jet-milled prior to extrusion



sec- Butyl benzene 99. 796 99. 900 99. 938 99. 860 98. 926

98. 711 98.863 n-Butyl benzene 0.027 0.034 0.033 0.028
wWO2080182025 0. 027 Sum 100. 00 100. 00 100. 00 10PCDOP2005/008557

100. 00 100.00 100.00 c Iso-Butyl benzene not neasurabl e

(coul d be obscured by sec-butylggnzene gi ven cl ose

elution tines).[0066] Data in Table 3 show that the

MCM 22 catal yst was nuch nore active, selective, and

stabl e than the SPA catal yst. \Wen conpared at 80-86%

conversion, MCM22 is at |least 7-tinmes nore active

t hratih a}mmiﬂ?@et MillVeeds aggeadgatedzeglite yrsedl &g tribbeng add colliding

utyl benzene duction with.much | ower tendency
¢ rim st 05%F R arB L o ihyBises iel rap S irddran spete
d Wibddd of BAndind ngé‘z)lestlﬁf%t th€ Yxﬁ't&lamatygplﬂtthé‘gﬂ i dslﬂg}:lgegﬁﬁe?ﬁ The

of deactrvation. Sec-butyl benzené purit
s upaéal ysb wagion Istredne fovo\Mi3 2 at AL WISV, ofSPsensasittas %o\2ebiftene

this react but, d p| dl

SRRy L 76as 3ef At YL AR abh. S emmared sV

t hitlp 989 Vofpetsien, 6.4 Wk 223 VKBV EL 89 % conversion, and followed
Sec- butyl benzene synthesis using MCM 49 The prdcess of

Blanhilayst dasWHSYeagastwish 98\ tchmtemseozwcm 22 catal yst
replaced by a) 0.5 gmof MCM49-A b) 0.6 gm of

MCM 49-B, and c) 0.5 gmof MCM 49-C. The catal yst

| rRapi¢sRhiative ditsl aRaBEWh iR Thble 4S THe!@ME & Tle BARGwWE At BIEM-
prow ded bel ow. MCM 49- A: 1/ 20" quadrul obe extradate

Wi PFIMERPUSH 20w astie prlcdiveged stabletthanpsoliddrosphoric acid
I r

VR 7B e D flah oSS B PHEERER LA el SRR B

at 9.6 WHSV with 88 % conversion, 0.6 day at 14.4 VWHSV
wi th 85% conversion, and followed by 3 days at 3.2

VWHSV again with 95 % conversi on. MCM 49-B: 1/20"

guadr ul obe extrudate with 60 % MCM 49/ 40% Ver sal 200

al um na binder, cut to 1/20" length. The catal yst was
on streamfor 4 days at 2.7 WHSV of butene with 98%
conversion, 1 day at 8 WHSV with 97 % conver si on,



0.5 days at 12 WHSV with 93% conversion, 1.6 days at

2.7 WHSV wi th 98% conversion, 0.3 days at 19.2 WHSV
WORa06/086% conver sion, and foll owed by 0.7 daysPEL/ER2085/008557

VHSV again with 98 % conversi on. MCM 49-C. 1/20"

quadr ul obe extrudate with 80 % MCM 49/ 20 % al um na

bi nder, cut to 1/20" length. The MCM 49 crystal was

jet-mlled prior to extrusionwith alumna (Jet M|

grinds aggregated zeolite crystal by rubbing and

colliding them each other through bl ow ng hi gh-speed

jet streamemtted fromseveral pieces of grinding

nozzles into the material layer in the grinding

chanber). The catalyst was on streamfor 5 days at 3.2

WHSV but erfe wi th 98% 2- but ene conver si cbn, 1.1 days

at 9.6 |WHSV Mi t h, 97 oﬁacco,nv\grglggnﬂ 4 da 32 WESY o

with aﬁa%go@\/ersqonv-«@bd%ys ats2y VoWltﬁ §9°%= g

conveksi on, gnd fol I'owed by 3 days at 3.2 |WHSV adain

with|{98 % cornversion. Representative data are shown in

Tabl @=4. The|data in Table 4 shows that MM 49

cat al|fst.scare mEly rpre Acyiged Sehest igvg ang gt §blte 2

than |g8aFi & posphct it ack i3 gasahyzi Byt hesf & gpti 61
of se&butyl henzene from benzene and et hyliene. Tabl e 4
Cat aljyst MCM{49- A MCM 49- B MCM 49- C I\/CM4Q A MCM 49-B
I\/CI\/HL%—C Daysg on Stream9 4.4 597 110.1,

Q

4@(2

YHSVZ h" 8 B2 B.2 § $ 3424513 § éa 122888t én

1896 92. 19657 9F 4~ 64.D 8623°89.2 Product © & 2
Sel ec?i vity. (W % | so~Butane 0.012 0.004 (.005 0.003
0.003.,0. 003 Ilso-Butene & 1-Butene 0.052 0]000 0.000
0. 40620, 358 0. 298 L5 &7 0.186 9.409 9.4 45 02149120,,089
0. 18C)EC§ and |C £ (g énes ot i Jofelsk 2. 843 [1. 228 2: 768
1
0
0

16@.0

. 632 2] 852 2.133 Cunene 0.04870.045 0.057 0.03270.042
. @45 t - Butylibenzene 0. 064 0.069 0.092 0.(044 0.042

* Iso-Butylbenzene nat measurable (could be obscured by sec-butylbenzene given close elution timeé).
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I so- Butyl benzene* 0.000 0.000 0.000 0.000 0.000 0.000

sec- Butyl benzene 91.426 92.400 91.802 91.5 10 91. 759
w©®2006275826 But yl benzene 0.022 0.025 0. 023 0. 013rC1/82805/008557

0.032 Di - butyl benzene 5.747 5.664 5.820 5.921 5.649

5.296 Tri-butyl benzene 0. 393 0.%80 0.306 0.284 0.189

0. 235 Heavies 0.008 0.006 0.012<0.006 0.006 0.006 Sum

100.0 100.0 100.0 100.0 100.0 100.0 Butvl beazene

Conposition, %t-Butyl benzene 0.070 0.075 0.100 0.048

0. 046 0. 050 i so-Butyl benzene* 0.000 0.000 0.000 0.000

0. DompledD G ec-ButPbeyidnesynthesio asg MOIM -2 ndOmked butene

99, 938 99.940 99.916 n-Butyl benzene 0.024 0.027 0.025

0‘%& 0.014 0.034 Sum 100.0 100.0 100.0 100.0 100.0

100067} | 301. Bukath B SAZRE HandEAFRNL QQ'cﬁta(}%F{?Sd%%CM—ZZBS%

obscured sec- but yl benzene gi ven cl ose “e

t |41’e1§)na@m<¥ﬁp ) & Wwed 8eExBipleyll Wanused dorstha nhkebitenusibanzene with

ort PAEnE B VIR 3T R 8 e i Bk T e being

bireplatdd B a ueR deddwith @Y@f&lo%ﬂ@éotﬂﬁc%ﬁufno 53 WW cis-butene, 41.2%

al kyl ati on of benzene with a butene feed. The process
oftr@ﬁé’hlfﬂnéa BoHeisohuigeal £t uiadions A.10ho-butad abd 01296 others.

S i AOH Y SRR B v
O %% buiumiie&bﬁverﬂoﬂ% Baypikt A8 EWHBV Witk %00 cflﬁiﬁzérsm[noq)@ﬁif at 7.2

S} %hé was on streamfor 6 days at 1.6 VWHSV
2 soovegtionben: Ellpaiedibynt daysiegpimeat h68WW€I§VW1th

vwg7h/ Bilpferasty R Y] %
COnversi on, gfeg ‘gﬁl d%YBbQE Zﬂ%%)l/ls aéé‘?\%%g o@v% 6 WHSV
Wi th 97@6conver5|on. Representatlve data are shown in
Table 5 below Table 5. Sanple # 1 3 6 8 1 1 13 15



Days on Stream 0.79 2.79 5.79 7.33 8.19 9.8 11.79
Butene WHSV, h 1 1.6 1.6 1.6 4.8 7.2 1.6 1.6 2-Butene
W@0v6/0132®8. 6 98.0 98.4 79.8 62.1 96.9 97. 0 | SPOIYERIVE5/008557
Conv, % 98.2 96.3 96.8 64.4535.8 93.7 94. 0 But adi ene
Conv, % 100.0 100.0 100.0 100.0 96.4 100.0 100.0
Product Selectivity, wt% i-C4 0.047 0.039 0.034 0.023
0.025 0.027 0.025 C5-C7 0.388 0.525 0.467 0.541 0.640
0.556 0.555 C8 and GCi 2 (butene oligoners) 8.739 7.886
7.746 10.343 12.852 7.916 8.230 Cunene 0.175 0.183
0.189 0.183 0.194 0.196 0.172 t-Butyl benzene 2.319
1.577 1.521 0.697 0.561 1.267 1.224 k>
I so- Butyl benzene* 0.000 0.000 0.000 0.000 0.000 0.000
0. 000 U sec-Butyl benzene 81. 330 83. 058 83.282 82. 789

81} 265 8B. 453 83. 406 n-Butyl benzene 0. 034 0. 059 0. 055
0. RER Qg 05802 06050:20820DF,- BuEy kbenzere & 227 $.559 S
5. BB 4~ FRA 3S 972°5®45595”3£2MT® B VY Enzéh& }o@@ .
0.B87 0.D26 0.495 0.378 0.837 0.840 Heaviles 0.2 )
0.225 0.R00 0.225 0.055 0.224 0.174 Sun1100 00 100 OOtg
1OQ30@~aO@‘GQ§ 108. 808 £08. 80“18030& BUFVlbéhé%mﬁc\ S g
(Mm%TWPﬂb&w%wmmwdﬁd%@13@@%@5
0.685 1.494 1. 445 iso-Butyl benzene* 0.00¢ 0.000 0.000|g,
0./000 0.0D00 0. P00 _0._0Q0_ sec-Butyl benzeng |97. 187 97. 8;Z§
08 443 9 (915 09. 843 983435508, 88 i BuE/ béhBe & S|z
0.041° 0. P70° 0% D64 05 095505 0F1=0S071<00E] SEMLE.DE |2
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| so- Butyl benzene not neasurable (could be obscured
by sec-buryl benzene given close elution tines).[0069]
w®2108/013826Tabl e 5 show that the MCM 22 cat al yst PGEHEP2005/008557
effective for secbutyl benzene production using a
2-butene feed with 4.6% i sobutene and 0. 5% but adi ene.
The presence of 0. 5% but adi ene” #aused no signi ficant
deactivation of MCM 22 during the 12-day test cycle.
The presence of 4.6%isobutene in butene feed resulted
| ess than 2%tert-butyl benzene formation in the
conbi ned butyl benzene fraction after initial |ineout.

THe069)Cr eBRRGNEHHENS sRdW il elic LIONBD Qfal{d v WEREHWY for sec-
i ncreased i sobutene which oligonerizes nore readily

t aitylbenzamaiproggedom LkipE at 2-dhtank tied siitheh €70 B@m@n@ and :0.5%
%{%ta%w e2§1 4 erg%;}cé%/ #ﬁ %%bgutaa M:'\é gz( s1a ndﬁcagf( (\?\%gtlvatlon of

ene roce ure 0]

f it daxege e 1heayMebt 22leC athel predenvd st 4.6%) B6den® ihibutene
O.Qaﬁn1of catal yst MCM 49-B nenti oned at Exanpl e 5.
ygﬁulmwﬂe&g thapad’o ﬁe%tbﬁlé/ébﬁnﬁ@re Jogngipngtin 3the \ppighined

of, %&e0an 7 Y. \YAY
o BB LSRR, Bl 1D el B orcomer
Wisivhaigai i cadsth b9 incleasod mbﬁﬁeﬁdﬂ wh%ml@@mﬁbs merdi@hdily than
is given in Table 6, Table 6 Sanple # 2 5 8 Days on
tl?%@e%a%ygtlsnylme@ﬁ@mv h 1 3.20 9.60 3.20
2-Butene Conv, % 96.1 83.0 95.5 |sobutene Conv, % 97.7
67.2 92.8 Butadiene Conv, % 100.0 100.0 100.0 Product
Sdixample 7t $ec-Butplben24ndsrthesis @3kg YIOYB2L3nCmidedBiltene
O-féé)d?’ 0. 583

[0070] The procedure of Example 6 was followed except the MCM-22
catalyst was replaced with 0.5 gm of catalyst MCM-49-B mentioned at Example
5. Catalyst MCM-49-B was on stream for 3 days at 3.2 WHSV of butene with
96% conversion, 0.7 days at 9.6 WHSV with 83 % conversion, and followed by 3

days at 3.2 WHSV again with 95 % conversion. Representative data is given in
Table 6.



C8 and G 2 (butene oligonmers) 7.688 9.732 8.185 Cunene
0.128 0.144 0.127 t-Butyl benzene 1.849 0.849 1.240

W0 s@eBusys benzene* 0. 000 0.008 0.012 sec- But yl PENERI965/008557
82.977 84.284 84.720 n-Butyl benzene 0.062 0.059 0.068
Di - butyl benzene 5.431 3.878 73 Tri-butyl benzene
1.079 0.429 0.629 Heavies 0.218 0.082 0.134 Sum 100.0
100. 0 100.0 Butyl benzene Conposition, %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
0.073 0.069 0.078 Sum 100. 0akle® O 100.0 *
| so- Butylbenzene not neasurable (could be obscured by

Sec- Bu henzene OX|dat|on [00'1] To a 550 n1 ro nd
bot t AWfa¥Re® jtted with a coddenser, st?rrer ant®an
ai r SengW®WHSVMEs char ged 75. 03.20 of se09ﬁntylbenzene
(Al driamdehe cdienf | ask was heat eghi usi ng &3 955
tenpq&g&gkgbﬁpqxrolled heati ng; ymant | e. jRgactiong,g

;Sgp%%%&%% Om, 1OOC Reactlo%ogressur (M@S 100.0

apprd%ﬂwaﬁéﬂ¥ﬂmiﬁﬂbc/nln. Every 45 nminutes, a snal

al i quotCsof the reaction m xt x®@lwas refddzed frofdishe
flask @ang anal yzed by GC. The.s2ate of g@xidati onpeds t he

sec- b%g)éhct’@?@)%@&ol}ébn{eﬁ? absengggof a caval yst wasgs

approxhRtety oper hour. 0.144 0.127
t-Butylbenzene 1.849 0.849 1.240
iso-Butylbenzene* 0.000 0.008 0.012
sec-Butylbenzene 82.977 84.284 84.720
n-Butylbenzene 0.062 0.059 0.068
Di-butylbenzene 5.431 3.878 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 not measurable (could be obscured by sec-butylbenzene given close elution times).



Exanple 9: Effect of inpurities on Sec-Butyl benzene
oxi dation [0072] The procedure of Exanple 8 was

w0 epealsde except known anounts of i so-butyl bePERR20a510D8557
tert-butyl benzene were added to the sec-butyl benzene
feedstream The results are shown in Figures 1 and 2,
that show that, at concent r at i offs™ above 0.7 wt %
sec-butyl benzene oxidation is affected by the presence
of iso-butyl benzene or tert-butyl benzene. Exanple 9:
Sec- Butyl benzene oxidation [0073] To a 250-m round
bdExaniplé BaSéc-Butyllechzené bxidatiomdenser, stirrer and an

P 3 B e B S em e n
SRR oy SRR PSU20 of b BRI, T sk v

t diegted asing @- temptratirt-ednthelbedi Iegtingntantle. Reactianotemperature was

t ature, was 100C. Reacti.on pre re wa .
P s REFiog TSRS e APTONREILY AqSgie olhair flowrate was

aRPhSXnTREIS! ¥751donE/ Bydry BY&hihufz, A s!?ﬁ’atlﬁﬁlg]qlfbt Scﬁﬂlhlﬁ ere:action

al 1 quot of "the reaction m xture was renoved fromt
f nagkrawds sevadedeiorh yhaaskTarel amalyzed bydXC ddtheanteadf dxtidation

o 8T R U5 e B b G RoPS BR Pt G pamately 0.1% per

n@pucat al yzed oxi dati on of Exanple 8. [0074] While the
present invention has been described and illustrated
by reference to particul ar enbodi ments, those of

orgi j i . i | eciate that the

ES R o ikt ohpblfie® bo Ve mRPBE Aol o 1

i [[00721 r at Elk pieceduie oF Bikaipless waaseptatedh exvept Ri@V€BLBuUnts of
shoul d be made solelg to the appended cl ains for

piicpBEdbenseng candr frhbyiyloeneener Wers adped dp theesqsriasulbenzene
| RREdaan. %ﬁék Voukts e NiBRASH Foburld qdutd %_tn?g ?ﬂ&w MG, at

nmet hyl et_'h etone, the process conprisi
c oortcgntratmps aatfore 0. ¢ omi3h,i sichoptplbeazzene andhtianG4 affected by the

R TR e s RS P EReF . ol ccul ar

Example 9: Sec-Butylbenzene oxidation

[0073] To a 250-ml round bottom flask fitted with a condenser, stirrer and an
air sparger, was charged 75.0 g of sec-butylbenzene (Aldrich) and 0.1 g of a
BaMnO, catalyst produced according to Preparation 1 of U.S. Patent No.
5,922,920. The flask was heated using a temperaturé-controlled heating mantle.
Reaction temperature was 100°C. Reaction pressure was approximately
atmospheric. The air flowrate was approximately 175 cc/min. Every 45 minutes,
a small aliquot of the reaction mixture was removed from the flask and analyzed
by GC. The rate of oxidation of the sec-butylbenzene in the presence of the
BaMnO; catalyst was 7 times faster than that of the non-catalyzed oxidation of

Example 8.

[0074]  While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will



si eve having an X-ray diffraction pattern including

d-spaci ng maxi ma at 12.40.25, 6.90.15, 3.570.07 and
W@200801876 Angstrom to produce an al kyl ati on ef PCTU/BP1005/008557

conpri sing sec-butyl benzene; (b) oxidizing the

sec-butyl benzene from (a) to prqoduce a hydroperoxi de;

and (c) cleaving the hydroperoxﬁae from(b) to produce

phenol and nethyl ethyl ketone. 2. A process for

produci ng sec-butyl benzene, the process conprising

contacting a feed conprising benzene and a C4

al agplrgmatﬁ dhatgbatinwentien l?idkjtsgﬁ ito rvaeiatichist Iildlﬁi:blc&\dsﬁﬁlly illustrated

catal yst_conprising zeolite beta or a nolecul ar sieve
haé/‘cfrﬁlé' a%or%ggveaﬁ% theg, rdrrepes showld bpenadsi selely te Haecapngnded

Mehifs fof {)ﬂi’%Oé‘E@ of ﬁete&%%ﬁ tre 3ddP

5
Angstromto produce an al ati1on g?&ﬁu nFﬁ%g§%F%¥¥hg

sec-butyl benzene containing less than 0.12 wt % of

i sobutyl benzene or tertbutyl benzene. 3. The process of
claim11 or claim?2, wherein said sec-butyl benzene
contains less than 0.5 wt% for exanple less than 0.1
wt % such as |less than 0.05 wt% of isobutyl benzene.
4. The process of any preceding claim wherein said
sec- butyl benzene contains less than 0.1 w% such as
|l ess than 0.05 wt% of tert-butyl benzene.5. The
process of any preceding claim wherein said

sec- butyl benzene contains less than 0.5 wt % such as
less than 0.1 wt% of iso- and tertbutyl benzene. 6.
The process of any preceding claim wherein said ¢4
al kyl ating agent in (a) conprises a |inear butene. 7.
The process of claim6, wherein said |linear butene
conpri ses 1-butene and/or 2-butene. 8. The process of
claim6, wherein said |inear butene conprises
2-butene. 9. The process of any one of clains 6 to 8,
wherein said |inear butene is



contained in a mxed C4 stream 10. The process of
claim9, wherein said mxed C4 streamis derived from
wa@2@bessecr acked crude C4 stream conpri sing t hBCT/EP2005/008557
foll owi ng maj or conmponents: 30 to 85 wt %but adi ene 0O
to 15 wt % C4 acetylenics 1 to 30 wt %utene-1 1 to 15
wt %utene-2 0 to 30 wt % isobut@ne 0 to 10 w
%ormal -butane 0 to 1wt % i so-butane. 11. The process
of claim9 or claim10, wherein said m xed C4 stream
is derived froma raffnmate stream obtai ned by
sugLadM$ g a steam cracked crude C streamto a sol vent
extraction process to renove butadi ene, wherein said
raffmate stream conprises the follow ng major
cohponeft Brocass olop preduzing: abiknshend methgl Sthyl legade, the process
acceoé%ar&' ¢s 20 to 50 wt %butene-1 10 to 30 wt
%utene-Z2'0 to 55 wt % sobutene 0 to 55 wt
%or nal @put acethcting BMeedodosPriditzabRizede? andl AECPERGRSfg agent
of claim9 or claim10, wherein said mxed C4 stream
i urgley plkalptipp sanditipns Mithtcatalyst ampopingizselitedieta or a molecular

i i t -ea 0 a .
RSB ST CURRAARC A AR ey povima o
s aliZ4-0ed 5, iorpeiOel 55 Br5@amOT am 8i42e6.07 hendsabhmoeipdedu®djadfalkylation

conponents: .Qto 2 wt %but adi ene
e?ﬁuent comprising sec-butylbenzene;

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

(©) cleaving the hydroperoxide from (b) to produce phenol and methyl
ethyl ketone.

2. A process for producing sec-butylbenzene, the process comprising
contacting a feed comprising benzene and a C, alkylating agent under alkylation
conditions with catalyst comprising zeolite beta or 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 3.424:0.07 Angstrom to produce an alkylation effluent comprising
sec-butylbenzene containing less than 0.12 wt% of isobutylbenzene or tert-

butylbenzene.

3. The process of claim 1 or claim 2, wherein said sec-butylbenzene contains
less than 0.5 wt%, for example less than 0.1 wi%, such as less than 0.05 wt%, of

isobutylbenzene.

4. The process of any preceding claim, wherein said sec-butylbenzene

contains less than 0.1 wt%, such as less than 0.05 wt%, of tert-butylbenzene.



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

to 20 wt %butene-2 0 to 35 W % isobutene O to 10 wt %
wooeromissbat ane 0 to 1wt % i so- butane. 13. The PCDERNS5/008557

of claim9 or claim 10, wherein said mxed C4 stream

is derived froma raffinate strg?m obt ai ned by

subj ecting a steamcracked crude - C4 streamto a

sol vent extraction process to renove butadi ene and to

a i so-butene renoval process, wherein said raffinate

stream conprises the follow ng maj or conponents: 0 to

1vi. YbuTladipesresO dfoa) prededpgCllannetwhetdin Csii® Set-buifbenzene

w  %but ene-1_ 15 40 wt Y%butene-2 0 to 5 W %

i OBt dess than %gm"%éli%la-s bleitaa Ol ¥tV Obgiso- and. tert-

| SQnPYEdRRe. 14. The process of claim9 or claim 10,

wherein said mxed C4 streamis derived froma

raf fi nate stream obtai ned by subjecting a

st eam cr.acked cryde C4 streamto hydr ogenat j on .. .
pr%ces gf ReoPIOESS\E AN RAECIHIE ﬁl&l’t‘gheégm%?doaf éh‘é(Tatmg agent in
I PN Fhprie 6 BiniSar bifgkei N said raffinate stream

conprises the followi ng maj or conponents: 0 to 1w

%%ut adiene 0 to 0.5 w % C4 acetyl enics
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 comprises 2-butene.

9. The process of any one of claims 6 to 8, wherein said linear butene is

contained in a mixed C, stream.

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

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

11. The process of claim 9 or claim 10, wherein said mixed C; stream is
derived from a raffinate stream obtained by subjecting a steam-cracked crude Cy4
stream to a solvent extraction process to remove butadiene, wherein said raffinate
stream comprises the following major components:

0to 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



75 to 95 wt Y%utene-1 o 20wt %utene-2 0 to 5w %
i sobuteneQo 10 wt % nornal -butane 0 to 2 wt %

w0 s@ebuisae. 15. The process of claim?9, whereP@I/BP10d5/008557
m xed C4 streamis a refinery m xed butane/butene
stream 16. The process of clai 5%15 wherei n said
refinery m xed butane/butene siream conprises the
foll owi ng maj or conponents: Propylene - 0-2 wt%
Propane - 0-2 w % Butadi ene - 0-5 w % Butene-1 - 5-20
wt % But ene-2 - 10-50 wt % | sobutene - 5-25 wt %
| so- but afdo-1 WOYAsobulanbt but ane - 5-25 wt % 17. The
process of claim9, wherein said nmxed C4 streamis
derived froma C4 fraction obtained from an ngenate

t 0%l ef Tie PioReasref gaimbeesiimil), wheseigr sk srixed (ol sifeam is
17. : . oy i ces t | .

L SR A A A TR0 S LR e .
prstpametoGt hydrogénadiohyiracisene rdfoto bdQdishe Ywherenerid rb@inate
to 85 wt % .buten

stream comprises the ?ollzowing major components:

0to 2 wt % 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.

13. The process of claim 9 or claim 10, 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:

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

14. The process of claim 9 or claim 10, wherein said mixed C4 stream is
derived from a raffinate stream obtained by subjecting a steam-cracked crude C,
stream to a hydrogenation process to remove butadiene and to a iso-butene
removal process, wherein said raffinate stream comprises the following major
components:

0to 1wt % butadiene

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

Oto 20wt % butene-2

Oto 5wt % isobutene



Oto 10 wt % i sobutene o 10 wt % nornmal and

i sobutane. 19. The process of any one of clains 9 to
wadosmseei n said mxed C4 streamis produced BYI/EP2005/008557

conmbining a plurality of olefmc C4 hydrocarbons or

m xtures thereof. 20. The procegts5 of any one of clains

9 to 19, wherein said mxed C4 streamis subjected to

at | east one of sulfur renoval, nitrogen renoval,

oxygenat e renoval, butadi ene renoval and i sobutene

removal prior to the contacting (a).21. The process of

any preceth nid el Binormakeutenen t he feed in (a) conprises

| ess t hahtol Wt @piso-betaabl as | ess than 500 ppm for

exanpl e | ess than 100 ppm water. 22. The process of

any_preceding claim wherein the feed in (a) conprises

| eiig t hEhe progess phclaimch vehsrein seidimixad €0 sppam i§ erefinery mixed

xRl Ssh‘eﬁ&ﬁn 3 ppm sulfur. 23. The process of

any preceding cllaim wherein the feed in (a) conprises

| ess than 10 ppm such as less than 1 ppm for exanple

l e than 0.1 ppm . nitrogen. 24. The process of any

pr eolihﬁl@e Rrsgsst Glatp 4 rherein said apfjrary nHx¢dhuteefbutbamesream

z ' f any one of clains 1

to 2gﬁaﬁ%%g?l%&?ﬁggﬁ?%%gﬁ%tgeve in (a) is selected

from MCM 22, Pieffdefls SSA-2Wt¥ERB-1, | TQ I, I TQ 2,

MCM 36, MCMBi8pardCM 56, 0-D&NE8, and m xtures thereof.

26. The processadiehe any- @segegi ng claim wherein said

contacting (Rtehesiconduciegetinder at | east parti al

l'i qui d phaseg g tionsyg.®4yiesThe process of any

precedi ng cl@ipfenher eisghsasd al kyl ation conditions

i nclude a t ggpgnadur e ob.4sraem about 60C to about

2600C, a preagsuhs of 7008 kka or less, and a feed

wei ght hourly space velocity (WHSV) based on C4

al kyl ati ng agent of fromabout 0.1 to 50 hr 1 and a

mdl7ar rieipgoesks beelaion®, wher€ih saldayixatlithgtragaid dérivethfrom a Cy

a%a%ﬁor:l[ o{)t%in%g ?ruogn gr? Oxygenate to olefin conversion process.

18.  The process of claim 17, wherein said C4 fraction comprises the following

major components:

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

19.  The process of any one of claims 9 to 18, wherein said mixed Cy stream is

produced by combining a plurality of olefinic C; hydrocarbons or mixtures

thereof.

20. The process of any one of claims 9 to 19, wherein said mixed Cy stream is
subjected to at least one of sulfur removal, nitrogen removal, oxygenate removal,

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



28. The process of any preceding claim wherein said
al kyl ati on effluent produced in (a) conprises
w@oioghuisys benzenes and the process further conpCT/BR®05/008557
contacting said pol ybutyl benzenes with benzene in the
presence of a transal kyl ation catal yst to produce
sec- butyl benzene. 29. The pr ocess?of claim 28, 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, MM 36,
MCM 49, MCM 56, UZM 8, and m xtures thereof. 30. The
process_of any preceding clajm wherein said oxidizing
(b?lc'i s CENRIOEESS TRy PrSCYing siarevhereln the fegdyis () @mprises less
The . : . . .
cor VSRR Pl n OB R R AILI0 ppm, water
bri dged tetranucl ear nmetal conplex conpri sing

e B prbodsn 20 R e b Bhereif e Fepridn fd ca s less
t h@ar€ 0O(RpRA] st8h as HsY HaBRD pFBL &y eigf?nﬁgétnlg% g&%@%ﬁﬂh%%
M, &

Fe, Co, Ni, M and m xturés there
being a trivalent netal selected fromln, Fe,

A hAASE o B o B A o
priese®ppaf suh bk @Rs i 1GHm, o dxladipd lessSfan ON! g%ﬁ,‘?ﬁt?ég%n.

of claim30 or claim 31, wherein Said oxidati
catal yst is a heterogeneous catal yst. 33. The process

ofy4any ' ' rein the oxidizj b) . is .
ooy B TEEER Bt B bilbodtiF LBl kR oFls AL L dmerises
arrgolgeperssur e of about 0.5 to about 10 at nbspheres

(50 to 1000 kPa). 34. The process of any preceding
claim wherein the cleaving (c) is conducted in the

Pr8senageQirockss 8F #hy 8he of claims 1 to 23, wherein the molecular sieve in
() is selected from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36,
MCM-49, MCM-56, UZM-8, and mixtures thereof.

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

conducted under at least partial liquid phase conditions.

27.  The process of any preceding claim, wherein said alkylation conditions
include a temperature of from about 60°C to about 260°C, 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 about 50.

28.  The process of any preceding claim, wherein 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.



35. The process of any preceding claim wherein the
cleaving (c) is conducted in the presence of a
whomogeseous catal yst. 36. The process of cl ai "lPGBEP2005/008557
wher ei n sai d honbgeneous catal yst conprises at | east
one of sulfuric acid, perchloric acid, phosphoric
aci d, hydrochloric acid, ptoluelesul fonic acid, ferric
chloride, boron trifluoride, sulfur dioxide and sul fur
trioxide. 37. The process of claim 35, wherein said
honogeneous catal yst conprises sulfuric acid. 38. The
Pr9ces sl rgks 8P8laRth 28! AhBRinltheQraddalkWagE€ batallyBiecomprises a
cleaving (c) is conducted in the presence of

hendeadenseces saedted from zBdite Ppte, prosdenits, &E%Iﬁpﬁ%{@& PSH-3,

rel 1d h r.o epu tal '
onazert o RRey, g O BGTRMENF AT ERPSE Uy and
WhgikBires thBeog! eaving (c) is conducted at a tenperature
of about 400C to about 120C, a pressure of about 100
to about 1000 kPa, and a liquid hourly space velocity
( V) -hased on the hy X] 0 | S : ARt :
556'% fﬁ‘%ﬂocﬂsspro B s%&gg‘%%g o%}glgl’ngvhp %oﬁagdatr?gmr;gt‘ yﬁb) '
etdamiudi&t @nBe picbécBlode estalysonpri si ng: (a) contacting
benzene wth a C4 al kyl ati ng agent under al kyl ation
conditions with catalyst to produce an al kyl ati on
eff;l ue nlth[eC RORUSL Bf Qgin? %%&élg @ﬁa SRRIatibR Lat@dsdl 3¢188ed 8m:
SEec- buty denzene rom (a) 1n the presence of a .
cat al ygh) taq prodhpdrozo)hpddgede tatrainddsaramgtal coomtlerasomgrising
t he hydroperoxide from(b) in the presence of a
cdP#838%5°t 0 produce a phenol and nethyl ethyl ketone,
wher ei ftb?gﬁ Rx8Thid¥6x HArAIYS tstraBiBILAYiB6tal Borhiplex habingandixed
(c) is a heterogeneous catal yst.42. The process of
clmétal dbte, anenesalofithecaabaing o disaiputapetal selecigdeirom Zn, Cu, Fe,

Coé]ct),aﬁg,l 10& and mixtures thereof and another metal being a trivalent metal

selected from In, Fe, Mn, Ga, Al and mixtures thereof; and

(¢) an N-hydroxy substituted cyclic imide either alone or in the presence of

a free radical initiator.

32.  The process of claim 30 or claim 31, wherein said oxidation catalyst is a

heterogeneous catalyst.

33. The process of any preceding claim, wherein the oxidizing (b) is
conducted at a temperature of about 70°C to about 200°C and a pressure of about

0.5 to about 10 atmospheres (50 to 1000 kPa).

34.  The process of any preceding claim, wherein the cleaving (c) is conducted

in the presence of a catalyst.

35.  The process of any preceding claim, wherein the cleaving (c) is conducted

in the presence of a homogeneous catalyst.



(a) conprises zeolite beta or a nol ecul ar sieve having

an X-ray diffraction pattern including d-spacing
woreoosiessad 12, 4cf cO. 25, 6.90. 15, 3.570.07 and BCHRP2007008557

Angstrom 43. The process of claim42, wherein the

nol ecul ar sieve in (a) is selected from MCM 22, PSH 3,

SSz-25, ERB-1, ITQIl 1TQ 2, MNM86, MM 49, MOM 56,

and UZM 8, 44. The process of any one of clains 4 1 to

43, wherein said al kylation effluent produced in (a)

conpri ses pol ybutyl benzenes and the process further

COBI | SERe HRAVERCIIGmSIH, IvHedil Bt HORRIZERIRS cWalylt comprises at
benzene in the presence of a heterogeneous

t r A omRryaf sultaric eeidapsrshlotie apidopheswhede apidt hydreshdene acid, p-

| ak 44 .
e L

( biricafdd. cl eaving (c) is effected by catalytic _
distillation. 46. The process of any preceding claim
wherein at | east one of the contacting (a), oxidizing

( an LOg Ll S e : . I.C . .
020 BRI Bt SRR by s
whelferin aeidch of the contacting (a), oxidizing (b) and
cleaving (c) is effected by catalytic distillation.

38.  The process of any one of claims 1 to 34, wherein the cleaving (c) is

conducted in the presence of a heterogeneous catalyst.

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

smectite clay.

40.  The process of any preceding claim, wherein the cleaving (c) is conducted
at a temperature of about 40°C to about 120°C, a pressure of about 100 to about
1000 kPa, and a liquid hourly space velocity (LHSV) based on the hydroperoxide
of about 1 to about 50 hr™’.

41. A process for producing phenol and methyl ethyl ketone, the process
comprising:

(2) contacting benzene with a C, alkylating agent under alkylation
conditions with catalyst to produce an alkylation effluent comprising sec-
butylbenzene;

(b) oxidizing the sec-butylbenzene from (a) in the presence of a
catalyst to produce a hydroperoxide; and

(c) cleaving the hydroperoxide from (b) in the presence of a catalyst to
produce a phenol and methyl ethyl ketone,
wherein each of the catalysts employed in (a), (b) and (c) is a heterogeneous

catalyst.
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42. The process of claim 41, wherein the catalyst employed in the contacting
(a) comprises zeolite beta or a molecular sieve having an X-ray diffraction pattern
including d-spacing maxima at 12.440.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07
Angstrom.

43. The process of claim 42, wherein the molecular sieve in (a) is selected
from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49,
MCM-56, and UZM-8,

44. The process of any one of claims 41 to 43, wherein said alkylation effluent
produced in (a) comprises polybutylbenzenes and the process further comprises
contacting said polybutylbenzenes with benzene in the presence of a

heterogeneous transalkylation catalyst to produce sec-butylbenzene.

45.  The process of any one of claims 41 to 44, wherein at least one of the

contacting (a), oxidizing (b) and cleaving (c) is effected by catalytic distillation.

46.  The process of any preceding claim, wherein at least one of the contacting

(a), oxidizing (b) and cleaving (c) is effected by catalytic distillation.

47.  The process of any preceding claim, wherein each of the contacting (a),

oxidizing (b) and cleaving (c) is effected by catalytic distillation.



