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mixture containing mainly sec-butylbenzene (SBB), isobutylbenzene (IBB), tert-
butylbenzene, dibutylbenzenes (DSBB), and tributylbenzenes (TSBB). Of these

compounds, dibutylbenzenes and tributylbenzenes are separated from the reaction
“mixture and can then transalkylated into sec-butylbenzene.

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

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



wei ght, the rate of oxidation decreases to about 86%
when the isobutyl benzenecontent is 2% by wei ght, the
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group having from 1 to 5 carbon atoms under alkylation reaction conditions and in

the presence of an alkylation catalyst to provide an alkylated aromatic product
possessing at least one alkyl group derived from said alkylating agent, said
catalyst comprising a synthetic porous crystalline material known as MCM-22.
Similar disclosures are contained in U.S. Patent Nos. 5,371,310 and 5,557,024 but
where the synthetic porous crystalline material is MCM-49 and MCM-56
respectively.

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



respectively. [0008] U S. Patent No. 5,334,795
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I'i quid phase conditions in the presence of a solid,
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MCM 22. [ 0009] International Patent Application No.

PCT/ US2003/ 038709, published as WO 2004/ 052810.
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alkylation is accompanied by little or no production of ethylene oligomers, such as

C4-Cs alkenes.

SUMMARY OF THE INVENTION

[0012] The invention resides in a process for producing sec-butylbenzene
comprising contacting a feed comprising benzene and ethylene under alkylation
conditions with catalyst comprising (i) a molecular sieve having an X-ray
diffraction pattern including d-spacing maxima at 12.44+0.25, 6.9+0.15, 3.57+0.07
and 3.42+0.07 Angstrom and (ii) at least one metal selected from Group 10 of the
Periodic Table of Elements to produce an alkylation efﬂuent comprising sec-
butylbenzene.

[0013] Conveniently, said sec-butylbenzene in said alkylation effluent
contains less than 0.5 wt%, for example less than 0.1 wt%, such as less than 0.05
wt%, of isobutylbenzene and tert-butylbenzene.
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[0019] In one embodiment, at least part of the sec-butylbenzene in said
alkylation effluent is oxidized to produce a hydroperoxide and the hydroperoxide
is cleaved to produce phenol and methyl ethyl ketone.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] The present invention is directed to a process for producing sec-
butylbenzene by the reaction of ethylene with benzene. The reaction is conducted
in the presence of a catalyst comprising (i) a molecular sieve having an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+£0.15, 3.57+0.07
and 3.42:+0.07 Angstrom and (ii) at least one metal cation selected from Group 10
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process of the preSent invention contains
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l ess
there ore qae advantageous to subject the benzene and/or ethylene to a prior

treatment step or steps to reduce the amount of any water, sulfur or nitrogen
therein. Pretreatment may also be useful to remove unreacted oxygenates which
may, for example, be present in ethylene streams obtained by oxygenate
conversion processes. Removal of sulfur, nitrogen and oxygenate impurities is
conveniently effected by one or a combination of caustic treatment, water
washing, distillation, adsorption using molecular sieves and/or membrane
separation. Water is also typically removed by adsorption.

[0023] The catalyst used in the present process comprises a crystalline
molecular sieve having an X-ray diffraction pattern including d-spacing maxima
at 12.4+£0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom. The X-ray
diffraction data used to characterize the molecular sieve are obtained by standard

techniques using the K-alpha doublet of copper as the incident radiation and a
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for example from about 0.5% to about 5% by weight, such as about 1% to about
4% by weight, of the metal. The metal can be introduced into the catalyst by any
known technique such as, for example, impregnation and ion exchange.
[0027)] The alkylation process is conducted such that the organic reactants,
i.e., the benzene and ethylene, are brought into contact with an alkylation catalyst
in a suitable reaction zone such as, for example, in a flow reactor containing a
fixed bed of the catalyst composition or in a catalytic distillation reactor, under
effective alkylation conditions. Such conditions include a temperature of from
about 0°C to about 350°C, for example between about 30°C and about 300°C, a
pressure of about 10 to about 10,000 kPa, for example from about 100 to about
5,000 kPa, and a weight hourly space velocity (WHSV) based on ethylene of
between about 0.1 and about 50 hr!, for example between about 1 and about 10
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eYERIkGIatddy JrQARE Uhd "bfheLIRAvies. Depending on the amount of
polyalkylated products present in the alkylation reaction effluent, it may be
desirable to transalkylate the polyalkylated products with additional benzene to
maximize the production of the desired monoalkylated species.
[0031] Transalkylation with additional benzene is typically effected in a
transalkylation reactor, separate from the alkylation reactor, over a suitable
transalkylation catalyst, such as an MCM-22 family catalyst, zeolite beta, MCM-
68 (see U.S. Patent No. 6,014,018), zeolite Y and mordenite. The transalkylation
reaction is typically conducted under at least partial liquid phase conditions, which
suitably include a temperature of 100 to 300°C, a pressure of 1000 to 7000 kPa, a
weight hourly space velocity of 1 to 50 hr' on total feed, and a
benzene/polyalkylated benzene weight ratio of 1 to 10.



[0029] Using the catal yst described above, it is found
that the alkylation step of the process of the

WO pwef1isen is highly selective to sec-butyl bene@neP20p$1008551
particular, it is found that the sec-butyl benzene
produced normally contains less8than 0.5 w% for
exanple, less than 0.1 wt% such as |less than 0.05
wt % of isobutyl benzene or tert-butyl benzene. [0030]
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and 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.

[0034] Other suitéble catalysts for sec-butylbenzene oxidation 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 diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-



the correspondi ng hydroperoxi de and then the
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[0036] Cleavage of sec-butylbenzene hydroperoxide to produce the desired
phenol and methyl ethyl ketone can be effected by contacting the sec-
butylbenzene hydroperoxide with a catalyst in the liquid phase at a temperature of
about 20°C to about 150°C, such as 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.
[0037] The catalyst employed in the cleavage step can be a homogeneous

catalyst or a heterogeneous catalyst.



di hydroxy(pyronellitic diimde),

N, N - di hydr oxy(benzophenone-3,3',4,4' - tetracarboxylic
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pyri di ne- 2, 3-di car boxi m de, Nnhydroxysucci ni m de,

N-hydroxy(tartaric inmide), N hy# oxy-5-norbornene-2, 3-

di car boxi m de, exo- N hydroxy-7-oxabicyclo

[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxi m de,

N-0B3B]OXY Sitdlé YH(!)rﬁSg‘eﬁ@&fs clea%agé C@éﬁﬁ?ﬁb MG, e sulfuric acid

N- hydroxy-ci s cl ohexene- di car boxi m ’

NIt sey hqéhph@pgmqj emdohydmnlslaht aofd and p-toluenesulfomc acid.

N--hydr benzene hon| d ese rra erials_ can
1:'%}(“ e&ﬁéfﬂt ]éﬂno F’n S‘fl% g]roék%n@@i St f‘ér friggdde are also
r @ﬁﬂe@t@f&e hcﬁhdjge@b&fs @é@aﬁ@@at@l@st‘ésﬂe%ﬁefeﬁéﬂ 'hgnﬂgé’n;egluls 8leavage

honogeneous catal ysts or can be supported on
c &ptalyst istsylipriogdide a het er ogeneous cat al yst. [0035]
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constant evaluated on the basis of ethylene converison, and ethylbenzene and sec-

butylbenzene selectivities at 100% ethylene conversion, and is described in

Example 8.

Example 2:

[0042] 5.2 grams of (NH4)sMo70244H,0 were dissolved in 50 grams of
distilled water to yield a solution of pH = 5.54. The resulting solution was used to
impregnate fifty grams of a fresh sample of MCM-22 using an incipient wetness
method. The impregnated catalyst was dried at 250°F (121°C) for 12 hours in air
followed by calcination at 680°F (360°C) in flowing air for 4 hours. One gram of

the final catalyst was evaluated for benzene alkylation with ethylene according to



100 hr 1, preferably about 1 to about 50 hr 1. The
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cl eavage reaction is conveniently conducted in a
catalytic distillation unit. [0037] The catal yst
enpk Q¥&ed iSddeRVREEnSIL 9P j i
YDA dda8riddeR piL aF eaﬂm}@??%&o}ﬁ{%ﬁ?s& 'ikeQ(zﬁzPaged with

catalyst or a heterogeneous catal yst Sui t
homsestidelM@Viedindisamated.yst s i ncl ude sul furic acid,
perchl oric acid, phosphoric acid, hydrochloric acid

and p-tol uenesul fonic acid. Ferric chloride, boron

t refdmigleizde, sul fur dioxide and sulfur trioxide are

al so effective honbgeneous cl eavage catal ysts. The
pri@8€31r e d ORSrrgram 06 DELRIeOa et dissalued it 5 grams| dfidistidled water

agj. q 3 sui tabl eter ogeneous .cat al yst for .use

b Gl byt T Ele TRBRIRRE TR e dibfegnate
| ritftyglamsadiamagh siplelof M CPUZNusEg aniReiidhitGvetness method. The
montnorillonite silica-alum as described in

a- al na cl ay, s

Umpresgpisdicatebyst #/ag dpcd 217?5Q°ﬁe(18h‘%d/)r®r d2 donssigrair Hilowed by

' S 8 ' L, I e. 4 e
r or s YR0BPLTOEE) NERAGher s T8 FISRRS, b2 Y5m sl el fna
ardtatist veds evaiidted fier Baopre afkyldioni witkndthybne E¥eoiing to the
1. [10Q41] .An . .22 _catal yst was prepared by extruding .
65’1’{%& SSEVEC%‘\@%E%W%?? h- 35C RS aPEfRTARNE G %) compgred  with
(LmSEAfXMCMD S, EQIgp@'EM Of the catal yst was
charged to an isothermal well-m xed Parr autocl ave
reactor along with a m xture conprising of benzene
(395 qgrans) and ethylene (20 grans). The reaction was
cﬁ’?fl&&egﬁt at 428F (220C) and 550 psig (3893 kPa) for
4 (6@ s.  AS58NEhhs SATNER) RuCLh el 8dssIved\as st driyds 3Wistilled

at reqgular intervals and anaL%zed by g

as
c RYaderatoo yicdt 1y solutien @Al ys 2. lperFhsr rasRltiagvepdutions ses arped to

b Laetd .he_basis_of

O ERAE R, EAhE U A O A A al BRel wetness
s endthridy | Bleningpregrmeddematalysit twae dlriadl afl D80AFe BYI@ for 12 hours in air
¢ ?&Yo%&e%l l?ynéalgirnlgtiolnsat %%8‘%( &3%89C)| irl’]1 flowing air for 4 hours. One gram of

the final catalyst was evaluated for benzene alkylation with ethylene according to

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

Example 5

[0045] 0.64 grams of HyIrClg were dissolved in 50 grams of distilled water to
yield a solution of pH = 6.9. The resulting solution was used to impregnate fifty
grams of a fresh sample of MCM-22 using an incipient wetness method. The
impregnated catalyst was dried at 250°F (121°C) for 12 hours in air followed by
calcination at 680°F (360°C) in flowing air for 4 hours. One gram of the final
catalyst was evaluated for benzene alkylation with ethylene according to the
procedure described in Example 1. Catalyst performance is compared with
unmodified MCM-22 in Example 8.



Exanpl e 8. Exanple 2: [0042] 5.2 grans of

(NH4) 6Mo7Q24- 4H2q were di ssol ved in 50 grans of
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of a fresh sanple of MCM 22 usT h%' an incipient wetness

nmet hod. The inpregnated catal yst was dried at 2500F

(121 0C) for 12 hours in air followed by cal cination

at 6800F (36Q0C) in flowng air for 4 hours. One gram

of the final catalyst was eval uated for benzene
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MCM 22 in Exanple 8. Exanple 4: [0044] 1.54 grans of
(NH3) 6RUC 3 were dissolved in 50 grans of distilled
Wasaifie7yi el d a solution of pH = 2.1. The resulting
solution was used to inpregnate fifty grans of a fresh
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final catalyst was eval uat for benzene kyl at'i on

witgthad, h’g}}eelﬁg)rgg@g,doq st gvas dried at 250°F (121°C) for 12 hours in air
followed by calcination at 680°F (360°C) in flowing air for 4 hours. One gram of
the final catalyst was evaluated for benzene alkylation with ethylene according to
the procedure described in Example 1. Catalyst performance is compared with

unmodified MCM-22 in Example 8.

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

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




the procedure described in Exanple 1. Catal yst

performance is conpared with unnodified MCM 22 in
weEx@apls28. Exanple 5 [0045] 0.64 granms O H2I r B BER®NE008551

di ssolved in 50 grans of distilled water to yield a

solution of pH = 6.9. The resutting sol ution was used

to inpregnate fifty grans of a fresh sanple of MCM 22

usi ng an incipient wetness nethod. The i npregnated
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in 50 grans of distilled water to yield a solution of
pH = 8.1. The resulting solution was used to
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eval uated for benzene al kylation with ethyl ene
according to



the procedure described in Exanple 1. Catal yst
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nodified with a transition nmetal from G oups 6 through
10 is conpared with unnodifiedI¥CM 22 in Tabl e 1bel ow.
TABLE |1 [ 0049] Wile the present invention has been
described and illustrated by reference to particul ar
e@igﬂl\;fgnts, those of ordinary skill in the art wll
apprectate that the invention lends itself to
vari ations not necessarily illustrated herein. For
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al kyl ati on effluent conprising secbutyl benzene. 2. The
process of claim1l, wherein said sec-butyl benzene in
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1% to about 4% by wei ght, of the catalyst.

4, The process of any preceding claim, wherein the metal is palladium.

5. The process of any preceding claim, wherein the metal is present in an
amount of at least 0.5% by weight, for example from about 0.5% to about 5% by
weight, such as about 1% to about 4% by weight, of the catalyst.

6. The process of any preceding claim, wherein the ethylene is contained in 2

mixed C, hydrocarbon stream.

7. The process of claim 6, wherein the mixed C, hydrocarbon stream is
derived from steam cracking, catalytic cracking or an oxygenate to olefin

conversion process.
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ethylene is contained in a m xed C2 hydrocarbon
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phase conditions. 13. The process of any preceding
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13.  The process of any preceding claim, wherein said contacting is conducted

by catalytic distillation.

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

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

16.  The process of any preceding claim, wherein said alkylation effluent

comprises polybutylbenzenes and the process further comprises contacting said



16. The process of any preceding claim wherein said
al kyl ati on effluent conprises pol ybutyl benzenes and

wo b@epriseess further conprises contacting PCT/EP2005/008551
sai dpol ybut yl benzenes wi th benzene in the presence of
a transal kyl ati on catal yst to pibduce
sec- butyl benzene. 17. The process of claim 16, wherein
the transal kyl ati on catal yst conprises a nol ecul ar
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( admexaredthbRged tetranucl ear nmetal conpl ex
conpri si ng manganese, (b) an oxo (hydroxo) bridged
tetranucl ear net al conpl ex having a m xed netal core
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In, Fe, Al and m xtures thereof; and (c) an
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the presence of a free radical initiator. 21. The

process of any one of clains 18 to 20, wherein the

oXliddi ziTlg pmcesndficiad 48, whteirpesidt exidizifg &boorduétdGn the
and about 20 and a pressure of about 0.5 to about 10

At PR eC ﬁsto 1000 kPa). 22. The process of any

one of clains 18 to 21, wherein said oxidizing is
conducted by catal ytic distillation.23. The process of
ardp. onélhsfpredess afclaign 19 Wikreindaifixidagion catalyst isiselgeted from:

cl eavi rtg) an oxo (hydroxo) bridged tetranuclear metal complex comprising
manganese,

(b) an oxo (hydroxo) bridged tetranuclear metal complex having a
mixed metal core, one metal of the core being a divalent metal selected from Zn,
Cu, Fe, Co, Ni, Mn and mixtures thereof and another metal being a trivalent metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof; and

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

presence of a free radical initiator.

21.  The process of any one of claims 18 to 20, wherein the oxidizing is
conducted at a temperature of about 70°C and about 200°C and a pressure of
about 0.5 to about 10 atmospheres (50 to 1000 kPa).

22.  The process of any one of claims 18 to 21, wherein said oxidizing is

conducted by catalytic distillation.



at | east part of the hydroperoxide to produce phenol

and nethyl ethyl ketone. 24. The process of claim 23,
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catal yst. 25. The process of claim 23 or claim 24,

wherein the cleaving is conduct&d-in the presence of a

honogeneous catal yst. 26. The process of clai m 25,

wher ei n sai d honbgeneous catal yst conprises at | east
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trioxide. 27. The process of claim25, wherein said

honogeneous catal yst conprises sulfuric acid. 28. The
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prodesstalysf. cl ai m 28, wherein sai d heterogeneous

catal yst conprises a snectite clay. 30. The process of

any one of clainms 23 to 29, wherein said cleaving is
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of any one of clains 23 to 30, wherein the cleaving 1s

c dheipiesage af a homesgneous eatdysf about 400C to about

12Q0C, a pressure of about 100 to about 1000 kPa, and

a liquid hourly space velocity (LHSV) based on the

hydr opeepreesobf alatn 5 lwhéreBRid h&fofenedus 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.

27.  The process of claim 25, wherein said homogeneous catalyst comprises
sulfuric acid. .

28.  The process of claim 24, wherein the cleaving is conducted in the presence

of a heterogeneous catalyst.

29.  The process of claim 28, wherein said heterogeneous catalyst comprises a

smectite clay.

30.  The process of any one of claims 23 to 29, wherein said cleaving is

conducted by catalytic distillation.

31.  The process of any one of claims 23 to 30, wherein the cleaving 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™.



