1 PROCESS FOR PRODUCI NG CUMENE Field of the Invention The present

I nvention relates to a process for producing cunene. 5 Background of the

I nvention Cunmene is a valuable compdity chem cal which is used industrially
for the production of phenol and acetone. Cunene has for many years been
produced comercially by the al kyl ati onfof benzene with propyl ene 10 over a
Friedel -Craft catalyst, particularly solid phosphoric acid or alum num
chloride. More recently, however, zeolite-based catal yst systens have been
found to be nore active | r | benzene to cunene.
For exanple, U. S. Patent %&?%E%g@'g@#@éemguge of MCM 22 in the
al kyl ati on of benzene with propylene. 15 Typically, the zeolite catal ysts

enpl oyed i n hydrocarbon conversion processes, such as aromatics al kyl ati on,
are in the f extrudates. However, it is known from for

al
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i mproved results in 20 processes which are diffusion limted, such as the
hydr ogenati on of resid. Mreover, it is known fromU. S. Patent No.
4,441,990 t hBackarognd of Miginventionyst particl e having a non-cylindri cal
centrally | ocated t-ur, . ' i nts and
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due to 25 brferkisgprodaketiasiofphandl andisddtoge. Cunsid hasifamanyxgearise 8 of the
'990 patent discloses that hollow trilobal and quadrilobal ZSM5 catal ysts
are been produced commercially by the alkylation of benzene with propylene

10 over a Friedel-Craft catalyst, particularly solid phosphoric acid or aluminum
chioride. More recently, however, zeolite-based catalyst systems have been
found to be more active and selective for propylation of benzene to cumene.

For example, U.S. 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, 3,966,644 that
shaped catalyst particles having a high surface to volume ratio, such as
those having a polylobal cross-section, can produce improved results in

20 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
across packed catalyst beds while minimizing catalyst loss due to

25 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 pressure than solid cylindrical catalysts of the same length. Under
these conditions, the reagents are necessarily in the vapor phase.

30 Recently, attention has focused on liquid phase alkylation
processes for producing alkylaromatic compounds, since liquid phase

processes operate at a lower temperature than their vapor phase



nore active and selective for the ethylation of benzene at 770F and 300
psig pressure than solid cylindrical catalysts of the sanme | ength. Under
these conditions, the reagents are necessarily in the vapor phase. 30
Recently, attention has focused on |iquid phase al kylation processes for
produci ng al kyl aromati ¢ conpounds, since |liquid phase processes operate at
a |l ower tenperature than their vapor phase counterparts and hence tend to
result in |ower yields of by-products. Work by the present inventors has

h t hat sh d I i cl h t.h i scl in, U S.
Batent Nos. SOGRETAE aid hehan 18 & el e gk o PERSy e Wbtk used
in the |iqui gy phaprestiryhaintor s SR bt shaPeERIE Sl SobatticRaVYes asi t has

now been found that shaped catal yst particles can |'d inproved results in
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particul ate nol ecular sieve al kylation catal yst, wherein thé particles of
sai d al kyl apaiclasatan yield imaprevad sesdlticis the liguiduplaseaprapytdtianbefut 80 to | ess
than 15 200_inch-' Prr eferablr%é the particles of said al kyl ation catal yst
have a surfa%%nﬁpe (Po?t?rqéjc?é:cui MWhout 100 to about 150 inch-'. Preferabi Y,
the nol ecul ar sieve of the alkylation catalyst is selected from MCM 22,

PSH 3, SSz-25, MCM 36, MCM 49, MCM 56, faujasite, 20 nordenite and zeolite
beta. Prefer admmar/0fdhallnyentiamg conditi ons include a tenperature of

10 In one aspect, the present invention resides in a process for

producing cumene which comprises the step of contacting benzene and

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
15 200 inch™.

Preferably, the particles of said alkylation catalyst have a surface to
volume ratio about 100 to about 150 inch™.

Preferably, the molecular sieve of the alkylation catalyst is selected
from MCM-22, PSH-3, SSZ-25, MCM-36, MCM-49, MCM-56, faujasite,

20 mordenite and zeolite beta.

Preferably, said alkylating conditions include a temperature of
about 10°C to about 125°C, a pressure of about 1 to about 30
atmospheres, and a benzene weight hourly space velocity (WHSV) of
about 5 hr”' to about 50 hr.

25 In a further aspect, the present invention relates to a process for
producing cumene which comprises the steps of:

i) contacting benzene and propylene with a particulate molecular
sieve alkylation catalyst under at least partial liquid phase alkylating
conditions to provide a product containing cumene and a

30 polyisopropylbenzene fraction;
i) separating the polyisopropylbenzene fraction from the product;

and



about 10C to about 125C, a pressure of about 1 to about 30 atnospheres, and
a benzene wei ght hourly space velocity (WHSV) of about 5 hr' to about 50
hr'. 25 In a further aspect, the present invention relates to a process for
produci ng cunmene which conprises the steps of: i) contacting benzene and
propyl ene with a particul ate nol ecul ar 3sieve al kyl ation catal yst under at

| east partial liquid phase alkylating conditions to provide a product
cont ai ni ng cunene and a 30 pol yi sopropyl benzene fraction; ii) separating the
pol yi sopropyl benzepe fractiqgn fromthe product;.and 3 iii) contacting the
ol 11 sobr opy benstheotrarad BT aRERsRRSARSe HA0on o bafEhe S b ar
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transal kyl ati ng condi tions, wherein the particles of at |east said
al kyl ati on digiuid phasé fraesalkytiggrooaddions, vol une ratio of about 80 to |ess
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transal kyl ating conditions include a tenperature of 10 about 100C to about
200C; a pressure Brefembly tie melegulansigve ithe dansglkylatigpcalalysiisty of 1 to
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to a processz$mi5 FagfisiteNthordenite and zeolite beta.
Preferably, said transalkylating conditions include a temperature of
10 about 100°C to about 200°C; a pressure of 20 to 30 barg, 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

15 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 alkylation catalyst have a
surface to volume ratio of about 80 to less than 200 inch'1, preferably,

20 about 100 to about 150 inch™.

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.
In particular, by selecting the shape and size of the particles of the

25 alkylation catalyst such that the surface to volume ratio is within the
specified range, it is found that the intraparticle diffusion distance can be
decreased without excessively increasing the pressUre drop across the
first catalyst bed. As a result, the activity of the catalyst for the propylation
of benzene can be increased, while at the same time the selectivity of the

30 catalyst towards undesirable polyalkylated species, such as

diisopropylbenzene (DIPB) can be reduced.



cunene by reacting benzene with propyl ene under at |east partial |liquid
phase conditions in the presence of a particul ate nol ecul ar sieve

al kyl ation catal yst, wherein the particles of the al kylation catal yst have a
surface to volune ratio of about 80 to | ess than 200 inch-', preferably, 20
about 100 to about 150 inch-'. According to the invention, it has now been
found that the liquid phase propylation of benzene, unlike the Iiquid phase
et hyl ati on of benzene, is sensitive to intraparticle (macr opor ous)
diffusion limtations. |In particular sel ecting the shape and size of
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dimension of 1/16 inch and a length of 3/16 inch has a surface to volume
ratio of 128. A hollow tubular extrudate having an external diameter of
1/10 inch, an internal diameter of 1/30 inch and a length of 3/10 inch has a
surface to volume ratio of 136.

15 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.
Patent No. 4,439,409), SSZ-25 (described in detail in U.S. Patent No.
4,826,667), MCM-36 (described in detail in U.S. Patent No. §,250,277),

20 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. 3,308,069). The
molecular sieve can be combined in conventional manner with an oxide
binder, such as alumina, such that the final alkylation catalyst contains

25 between 2 and 80 wt% sieve.

The alkylation process of the invention is conducted under
conditions such that both the benzene and propylene are under at least
partial liquid phase conditions. Suitable conditions include a temperature
of up to about 250°C, e.g., up to about 150°C, e.g., from about 10°C to

30 about 125°C; a pressure of about 250 atmospheres or less, e.g., from

about 1 to about 30 atmospheres; a benzene to propylene ratio of about 1



10 4 of U.S. Patent No. 4,441,990 and havi ng a maxi num cross-secti onal

di mension of 1/16 inch and a length of 3/16 inch has a surface to vol une
ratio of 128. A holl ow tubul ar extrudate having an external dianeter of

1/10 inch, an internal dianmeter of 1/30 inch and a length of 3/10 inch has a
surface to volune ratio of 136. 15 The gl kyl ation catal yst used in the
process of the invention conprises a crystalline nolecular sieve selected
from MCM 22 (described in detail in U S. Patent No. 4,954, 325), PSH 3

(described in detail in U S _ Patent . 4,439, 409), .. SSZ- (described in
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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, SSZ-25, MCM-36, MCM-49, MCM-56 and

15 zeolite beta. In addition, the transalkylation catalyst may be ZSM-5,
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'1, and more preferably about 100 to
about 150 inch™.

20 The transalkylation reaction of the invention is conducted in the
liqguid phase under suitable conditions such that the polyalkylated
aromatics react with the additional benzene to produce additional cumene.
Suitable transalkylation conditions include a temperature of 100 to 200°C,
a pressure of 20 to 30 barg, a weight hourly space velocity of 1 to 10 on

25 total feed and benzene/PIPB weight ratio 1:1 to 6:1.

The alkylation and transalkylation steps of the process of the
invention can be conducted in an suitable reactor, such as a fixed or moving
bed or a catalytic distillation unit.

The following Examples will serve to further illustrate the process

30 and some advantages of the present invention. In the Examples, catalyst
performance is defined by reference to the kinetic rate constant which is

determined by assuming second order reaction kinetics. For a discussion



sel ective towards the production of the desired nonoal kyl ated species, 5
cunene, the alkylation step will normally produce sone polyal kyl at ed
species.. Thus the process preferably includes the further steps of
separating the polyal kyl ated species fromthe al kyl ati on effluent and
reacting themw th additional benzene ig a transal kyl ation reactor over a
suitabl e transal kyl ation catal yst. Preferably, the transal kylation reaction
is 10 conducted in a separate reactor fromthe al kyl ation reaction. The
transal kyl ati.on ¢ referabléna nol ecul ar. si eve which js selective

atalyst is ) > W
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under suitable conditions such that the polyal kylated aromatics react with
the additi orEI beg?rz]ﬁne to produce additional cunene. Suitable
transal kyl at¥HMP¥hdi ti ons include a tenperature of 100 to 200C, a pressure

of 20 to 30 barg, a weight hourly space velocity of 1 to 10 on 25 total feed
and benzene/ Pl PB Benzgine alsylation withtpropylenemias aprguciedarsinghd t r ansal kyl ati on

LSy S oRNBRGS e DA SR RS AR b BB
The fol | ow rextiogaigoh esixiire lof BOrWs MCRMAY BR/stalldrids20 akt e alenina astess
solid cylindrical extrudates having a diameter of 1/16 inch and a length of
1/4 inch. The resultant catalyst particles had a surface to volume ratio of
72.
15 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 for 4 hours. A small sample of the product was withdrawn at
regular intervals and analyzed by gas chromatography. The catalyst
20 performance was assessed by a kinetic activity rate constant based on
propylene conversion and cumene selectivity at 100% propylene

conversion. The results are described in Table 1.

25 Example 2
The process of Example 1 was repeated with the catalyst being
produced by extruding the mixture of 80 wt% MCM-49 crystal and 20 wt%
alumina into solid quadralobal extrudates having a maximum cross-
sectional dimension of 1/20 inch and a length of 1/4 inch. The resultant

30 catalyst particles had a surface to volume ratio of 120.



30 and sone advantages of the present invention. In the Exanples, catalyst
performance is defined by reference to the kinetic rate constant which is
determ ned by assum ng second order reaction kinetics. For a discussion 6 of
the determnation of the kinetic rate constant, reference is directed to
"Het er ogeneous Reactions: Analysis, Ex%pl es, and Reactor Design, Vol. 2:

Fl ui d- Fl uid-Solid Reactions" by L. K rai swanmy and M M Sharma, John
Wley & Sons, New York (1994) and to "Chenical Reaction 5 Engi neering"” by O
Levenspiel, Wley Eastern Limted, New Del hi (1972). Exanple 1 Benzene

al kyl ation wi t h }Mwyteﬁﬁed fersthedadpylation of bagzend ondenthenconuitiony pr epar ed
MCM 49 cat aI ‘El'h 3 élst V{ﬂ@ F f:gar ed b% exthudl n@ a rr]n xture of 80 wt %
MCM 49 crysfI x%@p\&m GRS B xatggfq g@}yFI aree S%x(fvtv@uéf?at es havi ng
a dianmeter ghp/1L6 inch and a length of 1/4 inch. The resultant catal yst
particles had a surface to volunme ratio of 72. 15 One gram of the catal yst
was charged to an isothermal well-m xed Parr autoclave reactor along with a
m Xt use conpri sing of benzene (156 g? :img propyl ene (28 g). The reaction
was carried out at 266F (130C) and (?19 |g for 4 hours. A small sanple of

t he product was w t hdrawn at regul ar intervals and anal yzed by gas
chromat ogr aphy. [The catalyst 20 performance was asgessed by a Kinetic
activity rate constan on prop versi e lectivity
at 100% propyl ene F\éé@gg The re Jg&i Eadescr ME@?HH% @ﬁ?) 25

Exan‘p| e The p o0cess QL I:vnrn‘\l 1 was d \Alth fhn cat :\! \lct hnl I g

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

10 cylindrical catalyst of Example 1.



produced by extruding the m xture of 80 wt% MCM 49 crystal and 20 wt %

alum na into solid quadral obal extrudates having a maxi num cross- secti onal
di mensi on of 1/20 inch and a length ofg 1/4 inch. The resultant 30 catal yst
particles had a surface to volume ratio of 120. 7 When tested for the

propyl ati on of benzene under the conditions wused in Exanple 1, the catalyst
of Exanple 2 gave the results shownCLAIMSble 1. 5 Table | Catal ystKinetic
Rat e DI PB/ Cunene (wt % Constant Exanple 118514,6 Exanple 224012.8 It wll be
seen from Table 1 that the shaped catal yst of Exanple 2 exhibits higher

activity; and lA%FEQ%F?daGk%é“%eﬂi%ﬁm@&ﬁﬁ'%%Iﬁ%gt gt he 10 cylindri cal

cat al yst ‘of EX proces produci ng cunmene which
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si eve aldyylatingncarmlitidnss withaai particelateaimoléalaac sieve tatkylatidm catsllyst uhaxingsi eve
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cumene and a polyisopropylbenzene fraction, -
wherein the particles of said alkylation. catalyst have a surface to volume ratio of
about 80 10 less than 200 inch” 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™.

2. The process of claim 1, wherein the particles of said alkylation catalyst have a

surface 10 volume ratio of about 100 to about 150 inch’.

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, and a
benzene weight hourly space velocity (WHSV) of about 5 hr' to about 50 hr'.

4. The process of claim 1, further comprising the step of:
ii) separating the polyisopmpylbcnzene fraction from the product; and

111) contacting the polyisopropylbenzene fraction and benzene with a
particulate molecular sieve transalkylation catalyst under st least partial
liquid phase transalkylating conditions.

5. The process of claim 4, wherein the particles of said alkylation catalyst have a

surface to volume ratio of about 100 to about 150 inch’.



about 80 to |less than 200 inch-' and said catalytic activity of said
particul ate nol ecul ar sieve alkylation catalyst is greater than that of a
mol ecul ar sieve al kyl ation catalyst %aving a surface to volunme ratio of

| ess than about 80 inch'. 2. The process of claim1l, wherein the particles
of said alkylation catalyst have a surface to volunme ratio of about 100 to
about 150 i nGie.pr8cesd be claimae sehepdin Ghidi alkylatingheonditions dicludd & ydnaperatare
conditions include a tenperature of about 10C to about 125,C a pressure of

about 10f sbatioli° B aboussBAeEes pressreact peqiidniy shaugHO AHewspherepaae avel ocity
(WHSV) pof about . r" to _about 50 axn 4. JThe prgcess of_claim 1, further
conpri sPHECRHE eé@BB‘OBFI:Y Spgse ‘éci?ﬁi?’adtw HgVi nka %‘fﬂé‘oﬁ?@%%‘b@n&%ne fraction
fromthe product; and iii) contacting the polyisopropyl benzene fraction and
benzene with a particul ate nol ecul ar sieve transal kyl ati on catal yst under
at. |eas! pafMhedhrocdsh afitldingbawhereinahe aldisdublrisige P B trar@hlkylation Eh@lyer ocess .
of ¢l al @ decter ghit Mumpar (paihas iz o9 thdliked alfon-40atatxabenZzesss,
surfacefatuaﬁﬁg,l o pa) |aﬂ?gg?1ﬂgg%‘ 100 to about 150 1nch! 9 6. e process of
claim 4] erein sard alkylating conditions include a tenperature of about
10C to about 125C, a pressure of about 1 to about 30 atnospheres, and a
benzene wei ght hourly space velocity (WHSV) of about 5 hr' to about 50 hr'.
7. The proce § gs5, ei (eToR1N i ; ;

(v ansal Byl at 1o Bagcer O "clsBRCEEWRL R R TRRA A BRI oot 5, 56,
MCM 49, teMipdrantire 28MbBut 100U asidbeut 200 Uena tpeesamd a0 it Bbbarg, Bweikhe
process_of claim5, wherein said transal kyl ating conditions include a

t enper ahQWly spacghlecIyorfa (o 18 wHuptak depd; ang bsneens(podyisspropylbenzene waight a

wei ght ou _Ilyt s,gce velocity of I to 10 on total feed and

benzenef @{/i SBI;E pyl benzene weight ratio 1:1 to 6: 1.





