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1 PROCESS FOR PRODUCI NG CUMENE Field of the I'nvention The present

I nvention relates to a process for producing cunene. 5 Background of
the I nvention Cunene is a valuable commodity chemical which is
used industrially for the production of phenol and acetone. Cunene
has for many years been produced connercially by the al kyl ati on of
benzene with propylene 10over a Friedel-Craft catal yst, particularly
solid phosphoric acid'o r however ,
zeol it e-based cat al yst E?@#gﬁgﬁﬁgbﬁpégg“ﬂﬁgu%%(ﬁgME@ﬁﬂore active and
sel ective for propylation of benzene to cunmene. For exanple, U S.

Patent No. 4,992,606 describes the use of MCM 22 in the al kyl ati on of
benzene wi tﬁleid‘ﬁf)thledﬁb‘entMypl cally, the zeolite catal ysts enpl oyed

i n hydrocarbon c | k

are in the formgﬁgg{}%sﬁ@ iﬁlﬁﬁj&%u%ssteegp%%égg%ﬂo%@cﬁg ‘T{Lh@%\r/hugfrom
for eganple, U S. Patent No. 3,966, 644 that shaped catal yst particles
havi ng a high surface to volune ratio, such as those having a

pol yl obal c&&@&éﬂi@&ﬁiﬁﬁ_ﬁ%duce 20i nproved results in processes
whi ch are diffusg e%i!l%qlg
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necessari |y Agp ekBRpKARDE. Patent No. 4,992,606 describes the use of MCM-22 in
the alkylation of benzene with propylene.

15 Typically, the zeolite catalysts employed in hydrocarbon conversion
processes, such as aromatics alkylation, are in the form of cylindrical
extrudates. However, it is known from, for example, U.S. Patent No.
3,966,644 that shaped catalyst particles having a high surface to volume
ratio, such as those having a polylobal cross-section, can produce

20 improved resuits in processes which are diffusion limited, such as the
hydrogenation of resid.

Moreover, it is known from U.S. Patent No. 4,441,990 that a
polylobal catalyst particle having a non-cylindrical centrally located
aperture can reduce the diffusion path for reagents and the pressure drop

25 across packed catalyst beds while minimizing catalyst loss due fo
breakage, abrasion and crushing. In particular, Example 8 of the ‘990
patent discloses that hollow trilobal and quadrilobal ZSM-5 catalysts are
more active and selective for the ethylation of benzene at 770°F and 300
psig (2068 kPa) pressure than solid cylindrical catalysts of the same

30 length. Under these conditions, the reagents are necessarily in the vapor
phase.



phase. 2 Recently, attention has focused on |iquid phase

al kyl ation processes for producing al kylaromatic conpounds, since

| i qui d phase processes operate at a | r tenperature than their
vapor phase counterparts and hence tend to result in | ower yields of
by- products. Wrk 5by the present inventors has shown that shaped
catal yst particles, such as those disclosed in U S. Patent Nos.

3,966, 644 and 4,Kddei)0aftbRM has fevuaed o IR phage aliylationsed in the
| i qui d phase et hyﬁe%ll%g of benzene. Surprisi ngPy, ,ho%ver, it has now
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ummary of the Invention

in one aspect, the present invention resides in a process for
producing cumene which comprises the step of contacting benzene and
15 propylene under at least partial liquid phase alkylating conditions with a
particulate molecular sieve alkylation catalyst, wherein the particles of said
alkylation catalyst have a surface to volume ratio of about 80 to less than
200 inch™* (about 31 to less than 79 cm™).
Preferably, the particles of said alkylation catalyst have a surface fo
20 volume ratio about 100 to about 150 inch™ (about 39 to about 59 cm™).
Preferably, the molecular sieve of the alkylation catalyst is selected
from MCM-22, PSH-3, $8Z-25, MCM-36, MCM-49, MCM-58, faujasite,
mordenite and zeolite beta.
Preferably, said alkylating conditions include a temperature of
25 about 10°C to about 125°C, a pressure of about 1 to about 30
atmospheres (about 101 to about 3040 kPa), and a benzene weight hourly
space velocity (WHSV) of about 5 hr to about 50 hr.
In a further aspect, the present invention relates to a process for
producing cumene which comprises the steps of:
30 i) contacting benzene and propylene with a particulate molecular

sieve alkylation catalyst under at least partial liquid phase alkylating



Preferably, said alkylating conditions include a tenperature of
25about 10C to about 125C, a pressure pof about 1 to about 30

at nospheres (about 101 to about 3040 a), and a benzene wei ght
hourly space velocity (WHSV) of about 5 hr-1 to about 50 r (|

In a further aspect, the present invention relates to a process for
produci ng cunene whi ch conprises the steps of: 30i) contacting

benzene an%&g’ﬁjﬂ%ﬁg?r&bma a’ip@[lbt: &gﬂtgﬁqﬁ]gw@dmgné@ndg eve al kyl ation

catal yst un st partial liquid phase alkylating 3 conditions
to provi de polyisopropyibeorent Mastiorumene and a pol yi sopropyl benzene
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liquid phase transalkylating conditions,
wherein the particles of at least said alkylation catalyst have a
surface to volume ratio of about 80 to less than 200 inch™ (about 31 to
10 less than 79 cm™).
Preferably, the molecular sieve of the transalkylation catalyst is
selected from MCM-22, PSH-3, S8Z-25, MCM-36, MCM-49, MCM-56,
ZSM-5, faujasite, mordenite and zeolite beta.
Preferably, said transalkylating conditions include a temperature of
15 about 100°C to about 200°C; a pressure of 20 to 30 barg (2000 to 3000
kPa), a weight hourly space velocity of 1 to 10 on total feed and
benzene/polyisopropylbenzene weight ratio 1:1 to 6:1.

Detailed Description of the Invention

20 The present invention is directed to a process for producing
cumene by reacting benzene with propylene under at least partial liquid
phase conditions in the presence of a particulate molecular sieve
alkylation catalyst, wherein the particles of the alkytation catalyst have a
surface to volume ratio of about 80 to less than 200 inch™ (about 31 to

25 less than 79 cm™"), preferably, about 100 to about 150 inch™ (about 39 to
about 59 cm™).

According to the invention, it has now been found that the liquid
phase propylation of benzene, unlike the liquid phase ethylation of
benzene, is sensitive to intraparticle (macroporous) diffusion limitations.

30 In particular, by selecting the shape and size of the particles of the
alkylation catalyst such that the surface to volume ratio is within the



Preferably, the nol ecul ar sieve of the transal kylation catalyst is
sel ected from MCM 22, PSH- 3, SSZ-26, 36, MCM 49, MCM 56, ZSM 5
faujasite, nordenite and zeolite beta.” Preferably, said 1
transal kyl ati ng conditions include a tenperature of 15about 100C to
about 200C;, a pressure of 20 to 30 barg f2000 to 3000 kPa), a weight
hourly space velocity of Ito 10 on total feed and
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contents of both of which are incorporated herein by reference. For

example, a cylindrical catalyst particle having a diameter of 1/32 inch
(0.79mm) and a length of 3/32 inch (2.38mm) has a surface to volume

15 ratio of 141, whereas a quadralobal solid extrudate having the external
shape disclosed in Figure 4 of U.S. Patent No. 4,441,990 and having a
maximum cross-sectional dimension of 1/16 inch (1.59mm) and a length
of 3/16 inch (4.76mm) has a surface to volume ratio of 128. A hollow
tubular extrudate having an external diameter of 1/10 inch (2.54mm), an

20 internal diameter of 1/30 inch (0.85mm) and a length of 3/10 inch
(7.62mm) has a surface to volume ratio of 136.

The alkylation catalyst used in the process of the invention

comprises a crystalline molecular sieve selected from MCM-22 (described
in detail in U.S. Patent No. 4,954,325), PSH-3 (described in detail in U.S.

25 Patent No. 4,439,400), SSZ-25 (described in detail in U.S. Patent No.
4,826,667), MCM-36 (described in detail in U.S. Patent No. 5,250,277),
MCM-49 (described in detail in U.S. Patent No. 5,236,575), MCM-56
(described in detail in U.S. Patent No. 5,362,697), faujasite, mordenite,
and zeolite beta (described in detail in U.S. Patent No. 3,308,068). The

30 molecular sieve can be combined in conventional manner with an oxide



Scatal yst towards undesirable polyal kyl ated species, such as

di i sopropyl benzene (DI PB) can be reduced. Produci ng the

al kylation catalyst with the desired Surface to volume ratio can
readily be achieved by controlling the particle size of the catalyst
or by using a shaped catalyst particle, such as the grooved
cylindrical 10extrudate described in U S Patent No. 4,328,130 or a
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are under atepaading the polyalkylated species from the alkylation effluent and
reacting them with additional benzene in a transalkylation reactor over a
suitable transalkylation catalyst. Preferably, the transalkylation reaction is
conducted in a separate reactor from the alkylation reaction.

20 The transalkylation catalyst is preferably a molecular sieve which is
selective to the production of the desired monoalkylated species and can,
for example employ the same molecular sieve as the alkylation catalyst,
such as MCM-22, PSH-3, $SZ-25, MCM-36, MCM-49, MCM-56 and
zeolite beta. In addition, the transalkylation catalyst may be ZSM-5,

25 zeolite X, zeolite Y, and mordenite, such as TEA-mordenite. Preferably,
the transalkylation catalyst is also arranged to have a surface to volume
ratio of about 80 to less than 200 inch™ (about 31 to less than 79 cm™,
and more preferably about 100 to about 150 inch™ (about 39 to about 59
cm™).

30 The transalkylation reaction of the invention is conducted in the
liquid phase under suitable conditions such that the polyalkylated



S5partial liquid phase conditions. Suitable conditions include a
tenperature of up to about 250C, e.g. .6 UP to about 150C, e.g., from
about 10C to about 125C; a pressure of- about 250 atnospheres (about
25331 kPa) or less, e.g., fromabout Ito about 30 atnospheres (about
101 to about 3040 kPa); a benzene to propylene ratio of about 1 to
about 10 and a 10benzene wei ght hourly space velocity (WHSV) of from
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30The transal kylatTon reaction o e tnvention is conducted in the
liquid phastHeteasgermniusdReactivosdAnalysis, EnsmplemandiReadoyBerignalell 6
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process of the invention can be conducted in an suitable reactor,
such as a fixed or noving bed or a catalytic distillation unit.

The fol | ow pgamysIePf es Wil serve to further illustrate the process
and sonme advantages of the present invention. In the Exanples,
cat aliﬁSt Benzene alkylation with propylene was conducted using a

conventionally prepared MCM-49 catalyst. The catalyst was prepared by
extruding a mixture of 80 wt% MCM-49 crystal and 20 wt% alumina into
solid cylindrical extrudates having a diameter of 1/16 inch (1.59mm) and a
length of 1/4 inch (6.35mm). The resultant catalyst particles had a surface
25 to volume ratio of 72.
One gram of the catalyst was charged to an isothermal well-mixed
Parr autoclave reactor along with a mixture comprising of benzene (156 g)
and propylene (28 g). The reaction was carried out at 266°F (130°C) and
300 psig (2068 kPa) for 4 hours. A small sample of the product was
30 withdrawn at regular intervals and analyzed by gas chromatography. The
catalyst performance was assessed by a kinetic activity rate constant



10performance is defined by reference to the kinetic rate constant
which is determ ned by assum ng second, order reaction kinetics. For a
di scussion of the determi nation of the kinetic rate constant,
reference is directed to "Heterogeneous Reactions: Analysis,
Exanpl es, and Reactor Design, Vol. 2: Fluid-Fluid-Solid Reactions" by
L. K Doraiswany and M M Sharma, 15John Wley & Sons, New York
(1994) and C ' rﬁee%‘ﬁ ROdNReHemgselbytiity Ater0DIs pragylerw | ey
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MCM 49 crystal and 20 wt% alum na into solid cylindrical extrudates
havi ng a di%ﬁﬁh@le of 1/16 inch (1.59mm) and a length of 1/4 inch

er

(6.35mMm). T sultant catal yst particles had a,surfa t o vol une
ratiosof 72. The precagshEoampie Ic4aarspaatogw '@HE?QS’@EGE]IY%QEH"Q

i sot hermal wel,l -m, xe r eq%q];,@ N 1 1

conpri si ng E{PdHBﬁ E"M}){@gk@%ﬁkﬁ%’r@o@y enez' %Qg?g %{?Eh I?aen?cth *(’)‘IE]%Was
carried outg@miRsfifio G5B QuadruloBa expsidgtesAtBand BahaXiowund crassr s. A

Il | f th duct 30Wi th ot | q
el oo Dsoretmerio aphph ne e Ce s AL S

a kinetli [ . >e
Y Qﬁeﬁlﬁw) i'I%ﬁyer %5%%@@?%{?@%’%{ ?Jrn%%%ooa sFFa8Y ke 0SIUBRNMNBID T

and cunene v ene conversion. The results are
descnpbed imJable 1. Exanple 2 5The process of Exanmple 1 was
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15 Table 1
Catalyst Kinetic Rate DIPB/Cumene (wt%)
Constant
Example 1 185 14.6
Example 2 240 12.8

it will be seen from Table 1 that the shaped catalyst of Example 2

exhibits higher activity and lower selectivity to undesirable DIPB than the

20 cylindrical catalyst of Example 1.

25




When tested for the propylation of benzene under the conditions used
in Exanpl e 1, the catal yst of Exarrple% gave the results shown in
Table 1. 15Table 1 Catal yst Kinetic Rate Constant DI PB/ Cunene (wt %
Exanple 1 185 14.6 Exanple 2 240 12.8 It will be seen from
Table 1 that the shaped catal yst of Exanple 2 exhibits higher
activity and |lower selectivity to undesirable DI PB than the

20cylindrical catalyst of Exanple 1cLAIME AIMS 1. A process for
produci ng cunene which conprises thé step of:

1. A process for producing cumene which comprises the step of:
(i) contacting benzene and propylene under at least partial liquid
5 phase alkylating conditions with a particulate molecular sieve alkylation
catalyst having catalytic activity, said molecular sieve of said alkylation
catalyst is selected from the group consisting of MCM-22, MCM-49 and
MCM-56, to provide a product containing cumene and a
polyisopropylbenzene fraction,
10 wherein the particles of said alkylation catalyst have a surface to
volume ratio of about 80 to less than 200 inch™ (about 31 to less than 79 cm’
"y and said catalytic activity of said particulate molecular sieve alkylation
catalyst is greater than that of a molecular sieve alkylation catalyst having a
surface to volume ratio of less than about 80 inch™ (less than about 31 cm™).
15
2. The process of claim 1, wherein the particles of said alkylation catalyst
have a surface to volume ratio of about 100 to about 150 inch™ (about 39 to
about 59 cm™).

20 3. The process of claim 1, wherein said alkylating conditions include a
temperature of about 10°C to about 125°C, a pressure of about 1 to about 30
atmospheres (about 101 to about 3040 kPa), and a benzene weight hourly
space velocity (WHSV) of about 5 hr" to about 50 hr”.

25 4. The process of claim 1, further comprising the step of:
it) separating the polyisopropylbenzene fraction from the product;
and
iii) contacting the polyisopropylbenzene fraction and benzene
with a particulate molecular sieve transalkylation catalyst
30 under at least partial liquid phase transalkylating conditions.



(i)contacting benzene and propyl ene under at |east partial liquid 5
phase al kyl ating conditions with a particul ate nol ecul ar sieve

al kyl ati on catal yst having catalytic activity, said nolecul ar sieve
of said alkylation catalyst is selected fromthe group consisting of
MCM 22, MCM-49 and MCM56, to provide% product containing cunene and
a pol yi sopropyl benzene fraction, 10wherein the particles of said

al kyl ati on catal yst have a surface to volune ratio of about 80 to
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t ransal ky i ata i EME,M 2 H 3, Z )
MCM 36, @043?)8?70%4 gh)Gé,?éthSﬁ/?'%ﬁj g@ﬁj@%y@%@m nor dgntlot ggaﬁ tz‘%%l Tet?% l?gtd a.
8. The priaessepblyidopronylhenzhpe vicighd aat t:Adeal. kyl ati ng condi ti ons
i nclude a tenperature of about 100C to about 200C, a pressure of 20
to 30 barg (2000 to 3000 kPa), a weight hourly space velocity of 1 to
10 on total feed and benzene/ pol yi sopropyl benzene weight ratio 1:1 to
6:1.



