1 1 JAN 200& PROCESS FOR PRODUCI NG CUMENE Fi el d of the Invention Thel JAN 2006
present invention relates to a process for produci ng cunene. Background
of the Invention Cunene is a valuable commodity chem cal which is used
industrially for the production of phenol and acetone. Cunene has for
many years been produced commercially by the al kylation of benzene with
propyl ene 10 over a Friedel-Craft catalyst, particularly solid phosphoric
acid or aluminum chloride. Mre recently, however, zeolite-based

catal yst systens have bBROCESSHTORPRODWCINGCEWMENEd sel ective for
propyl ati on of benzene to cunene. For exanple, U S. Patent No. 4,992, 606
descri bes the use of MCM22 in the al kylation of benzene with propyl ene.
15 Typi cal Ipyeldtdiehe epldrtncat al ysts enpl oyed i n hydrocarbon conversion
processes, such as aromatics alkylation, are in the formof cylindrical
extrudat es. Howel\her preisent kivention rélatas tofapprasesapbepragivessy eumenaat

shapgd catal yst particles having a high surface to volune ratio, such as
t hose having a polyl obal cross-section, can produce inproved results in

20 processgncpfidith®sfthdi hiestign |imted, such as the hydrogenation of
resid. Moreover, 1t 1s known Trom U S. Patent No. 4,441,990 that a
pol yl obal cat al y&imenae is a valuable eameodiy chgmicad which iscssedrintustribtbcat ed

t d the diffusi th f t d th d
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breakage, peeAroducsttcemHEitialy by thePakylatioh af befXeiEvith @I{Ae;ﬁsylé.h@ 1990

patent discloses that hollow trilobal and quad rilobal Z catal ysts
are 10hore aver a&rigdel-ceafeeatalyst, artiquiariyesaligl phasphooe asisheealominum70F and
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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 propylené.

15 Typically, the zeolite catalysts employed in hydrocarbon conversion
processes, such as aromatics alkylatioh, 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 catalysfs of the same length. Under
these conditions, the reagents are necessarily in the vapor phase.

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

processes operate at a lower temperature than their vapor phase



t hese conditions, the reagents are necessarily in the vapor phase. B0 JAN 2006
Recently, attention has focused on |liquid phase al kylation processes for
produci ng al kyl aromati c conmpounds, since |liquid phase processes operate
at a | ower tenperature than their vapor, phase 1 1 JAN 2006 2 counterparts
and hence tend to result in lower yields of by-products. Wrk by the
present inventors has shown that shaped catal yst particles, such as
those disclosed in U S. Patent Nos. 3,966,644 and 4, 441,990 show little
or no advaeauwyerpditsnandg bencetertbtd iegultdn fdvesreyieldh\df dyipnodottsheoeke. 5

as .now,been f d that at al

Sur pri singly, . however . .it u haped.. t
particles c%()ﬁﬂlﬁ RISPENhBIVERIYS hes Rhown W#ﬁﬁ@%&_ﬁtﬁb‘ﬁ '@?&p Cjﬁ?%n of
benzene to tppaEUiECIESEE MY SUPBBRYNGS. 3 086!an4eahd 4000 sABR [AEOBEL . the
present invention resides in a process for producing cunene which

conpri ses theadvaptage whoen ased inytheeliondch phase etpyation ehkbenzene. at | east
partial liqguid phase ,al kyl ating conditions with.,a articul gte nol ecul ar
Si evegal kyl Wiptgﬁ'rkgy’en%%v,erv\htug%ginﬁv‘f Pl_%erbgqtmvgc{h@é SB?IB%%FaFaLfﬁkw ation
catal yst hayariglesdragield inpteledPedidsiin t9é lighiayhaAe proplREidnidfan 15 200
inch-'. Preferably, the particles of said alkylation catalyst have a
surface to bemrdanestorprodocalsoment00 to about 150 inch-'. Preferably, 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 betgunﬂﬁ@—_é’[q;fqhéymvéﬂm al kyl ating conditions include a
tenperature o about to about 125C, a pressure of about 1 to about
30 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



at nospheres, and a benzene wei ght hourly space velocity (WHSV) of aboaN 2006
5 hr-1 to about 50 hr'. 25 In a further aspect, the present invention
relates to a process for produci ng cumene whi ch conprises the steps of:

i) contacting benzene and propylene wi4h a particul ate nol ecular sieve

al kyl ati on catal yst under at |east partial |iquid phase al kylating
conditions to provide a product containing cunene and a 30
pol yi sopropyl benzene fraction; ii) separating the polyisopropyl benzene

fraction from t Heg contaniing;thamosapropibeooene friapticn anddienzgnehwith a

pol yi sopropyLbenzene fracti on and benzene w.t articul ate | ecul ar

C eve "t 1 anDAIEITAE  Bre ek e Yt Aan Seie s pnel ot Basth&tiRace
transal kyl ggiiagpHeeedrdnneylatiftpesiditiome particles of at least said

al kyl ati on catal yst have a 5 surface to volune ratio of about 80 to | ess

t han 200 i nch". whesgiarthpiparticlee ofret least saidslieyiatian catadyst havea kyl at i on

Jows, "t auPutfte ¥ kihome M ards 0 P iSse e it l ) cara

transal kyl ati ng peefedamiy Ofhe mbRlculte sfeveetpeataisalidfiatiolcadfst ist00C to
about 200C, a {)ressure of 20 to 30 barg$ a weight "hourly space velocity

t

of 1 to 10selectast Hpmf MEM-R2Zd PSdh3e 58245 yWEM36p MEMEMCMwSBght rati o
1:1to 6:1 ail ed .Description of_ the lnvention 15 The present
i nvention F?%Tsr Léctﬁ%ﬂ%%n%rd%%%é@g %e&'?epbﬁt&uci ng cumene by reacting _
benzene with prepyeestsly usslairatisalkgriingRnditting ihelide a aperai@@dsft i ons in
the presence of a particulate noléecular sieve

1 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™, 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.



al kyl ation catal yst, wherein the particles of the al kyl ation catal yst JAN 2006
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

i nvention, it has now been found that jhe liquid phase propylation of
benzene, unlike the liquid phase ethylation of benzene, is sensitive to

i ntraparticle (macroporous) diffusion limtations. |In particular, by

sel ecting the shape and size of the particles of the 25 al kyl ation

cat al yst such t Rrbdutiagshe atiodatiom caiblystwithithe desired tshirfacehe vohmeei fi ed
range, it is, found that the intraparticle diffusjion distance can be
decreased VRIPE8D readiyRe %}I"?V?ﬂggé‘é’é‘itrﬁgmﬂﬁ epasielg sizqip wea%%ta@§t t he

first catalorsy it athapelitadist AIfcIBELIH bY 19 ofSEPeylintREal OF 1 Ne

propyl ati on Zene can creased, I'e me tinme the
sel ecti vi t yxtidateed@rribedah & S. Patentddo.uhd28138kdrea pollgwldkyslotiled speci es,
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catal yst or usi ng a shaped cat st particle,” such as the grooved
cyl i ndri calexamyile, aylindticatcatabst partidleShavag endiaietedoB32821i86h anda hol | ow

or solid 5 poly]ob xtrudate as_described in U S, Patent No. 4,441, 990,
Che ont i o o entrar s g h e as &tirce oobme CBIBaT PdqwRareAS Ay |
ref er ence. a, | il i =5

di anet er qu'ﬁ%;i gagsgﬁc “gneci@r ugﬂé:t%ﬂg\{nhﬁg?e %? g@*‘?ﬁ%ﬁ%ﬂ@fﬁ?ﬂ@% vol une
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has a surf agf bP158! AMBllow 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. 5,250,277),

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



ratio of 128. A hollow tubul ar extrudate having an external dianetédr] ¢&N 2006
1/ 10 inch, an internal dianmeter of 1/30 inch and a |l ength of 3/10 inch

has a surface to volune ratio of 136. 15 The al kylation catal yst used in
the process of the invention conpris a crystalline nol ecul ar sieve
selected from MCM 22 (described in déetail 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 US. Patent No. 4,826,667), MCM 36 (described in

detail in td Soltat®aind MoberzetzOwigh) hodfly 8pdtetfeloding (WHSY) offrdet ai | i n
U. S. Patent No._ 5,236, 57&) MCM 56 _(described ijn detail in U S. Patent
No. 5,362, 8094t 5 hA|fuabewl 256 PEerreterablydtem & tte HEhE -(descri bed in
detail in U S T ' n be
conbined in congfe}ﬁ@?%rr'lg% %gkxﬁagi?m%q ? %e%s'ngﬁtg?ggbg@ﬁnrg{esr@@é@ﬁﬁgs al um na,

such that sdlecfivertdwardk thaproducdtiohadfithe desitedinmsnoalkylatgdi\gsaci@s, and 80 wt %
sieve. The alkﬁlation process of the invention is conducted under

condpPt i oln_sc'é'_?}é eL e alkyaton siemuizrereaiPrpabes seme Rel¥aliyiaied at | east
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t enperat ure up to a
about 10C $epatatingthe pdRakylatedrspesiaserarh thd alkylativh efflleaphrdes or | ess,
e.g., from about 1 to about 30 atnospheres; a benzene to propylene ratio

of about 1repciing ARepouith sdditioggbbenzaiedAdd Haﬁﬁﬂﬁ‘l)‘ﬁ@o%?@ﬂpr R¥er®y space
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hr-' to 50 ation préocess o e Inventronis
par tiocul ar tgndueée at a\sepboaterréacton éropn trbualkilationfreabtéordesi r ed

monoal kyl at ed species, 5 cunmene, the alkylation step will naormall
pr oduceysorre poﬁlggﬁr@nsg{ké(@tlon catalyst is pre#gab ya 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™, and more preferably about 100 to
about 150 inch™.

20 The transalkylation reaction of the invention is conducted in the
liquid phase under suitable conditions such that the polyalkylated
aromatics react with the additional benzene to produce additional cumene.
Suitable trénsalkylation 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



speci es. Thus the process preferably includes the further steps of 11 JAN 2006
separating the pol yal kyl ated species fromthe al kyl ati on effluent and
reacting themw th additional benzene in a transal kyl ation reactor over a
suitabl e transal kyl ation catalyst. Preferably, the transalkylation
reaction is 10 conducted in a separaté5reactor fromthe al kyl ation
reaction. The transal kyl ation catalyst is preferably a nol ecul ar sieve
which is selective to the production of the desired nonoal kyl at ed

speci es a”éf%Wetefrﬁfna@iéﬁ@'tﬁeﬁﬁétn@)fa@@orﬁaﬁt TfePEMb s cﬁfeQ:Y@d?é t he
al kyl ation catalyst, such as MCM22, PSH 3, SSZ-25, MCM 36, MCM 49,

MOM 56 and"Heteregsinecsisideactians: é@@l){Sis;Exammesrmalela;ztcut[i)@\gn,a\!@ll yst may

oret orant y2 F RidkFlidindiidseadiofy @xﬁar@ﬁe@@%@i%ﬁ?@ﬁl&l?h@%hﬂi? 2
surface L0 Wity &drs, Novalveht (04) Gnbiags Chig#ficaMRebady . and rore

preferably about I00 to about i nch'. The transalkylatlon reaction
of tHAe invengineering” bw&ldmv@cmsptel,t\h/deylﬁaqwa Liméted, bleteDekhii(191)e
conditions such that the polyal kylated aromatics react with the
addi ti onal benzene to produce additional cunene. Suitable

transal kyl gkaffplégndi tions 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 andnbenz snolAPRREAER Bskohdl B doindlie ol lylatior

and transal kyl ation ess” 0 I nven n can be

condgct ed tonvntionailypbleparedMOM-48 catalgst. & Hel mdly@t wa\prapardeely or - a
catalytic distillation unit. The follow ng Exanp will serve to further

i | | ust r at eSXiedipg gombdurezof %Q\Mé)dﬂ@“&'d@aﬁw%bgn@fzot‘ﬁ% AEvER infqyvent i on.
e oSSRl AifocReL NUEBEAIBEE! DR SRS BAGRLE L
reaction kitieihchks Theaesaitahiscatalysbparticles 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 wi% 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.
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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.



30 catalyst particles had a surface to volune ratio of 120. 1 1 JAN12RA8G006
7 Wen tested for the propylation of bgnzene under the conditions used
in Exanpl e 1, the catal yst of Exanple gavé the results shown in Table
1. Table I CatalystKinetic Rate DI PB/ Cunmene (W% Constant Exanple

118514. 6 Exanple 224012.8 It will be _seen from Table 1 that the shaped
catal yst of Exanple 2 exhibits hig ivity and |l ower selectivity to
undesirable DIPB than the 10 cylindrical catalyst of Exanple 1. 1 1 JAN
2006 8 CLAIMS 1. A process for producing cunene which conprises the step
of contdctind\ pisersefier pradupingmyineere which comprisdsctbieaitep mbceotacting si eve

" qui o e AP Ahe Bvufe FaHEe indShidr S6vEHafn sRARL Ry
cumene @htalyde 'alttlﬁfgpurﬁdéﬂéi%ﬁét%rlfél%ahld%hasfeaélﬂylﬁﬁhg Ic@HHmbﬂs toBrRGE ar

sieve al kyl ation catal yst conpri si ng having a surface to vol une
rati o ofPrediscomyising aumeng @indymhpe l&@pmsﬁbmweyffa@omsmﬁ partieglatai d

part i C”'n%l§culQPL%9§ a%na?t dn- Catd e)éfé@%@ﬂé’ﬂg FHEM.IS Habi ﬁggpﬁéc%l?@(}olhng% o

a nol ecul Sreve g a7t ure

of | ess rafieof aboutt1 Rincht hand Whe@emrs@ﬁtﬁe@tafy@lb dotioity of saidparetidatehi ch
conprises the steps of:
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. 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 polyisopropylbenzene fraction, wherein the
molecular sieve of the alkylation catalyst is MCM-49

ii) separating the polyisopropylbenzene fraction from the product; and

iii) contacting the polyisopropylbenzene fraction and benzene with a
transalkylation catalyst under at least partial liquid phase transalkylating conditions,

wherein the particles of at least said alkylation catalyst have a surface to

volume ratio of about 120 inch™.

3. The process of claim 2 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 2 wherein the particles of said transalkylation catalyst
have a surface to volume ratio of about 80 to less than 200 inch™.

5. The process of claim 2 wherein the transalkylation catalyst comprises a

molecular sieve selected from the group consisting of MCM-22, PSH-3, SSZ-25,



i) contacting benzene and propylene with a particul ate nol ecul ar shéyaN 2006
al kyl ati on catal yst under at | east parbial | i qui d phase al kyl ati ng
conditions to provide a product containing cunmene and a

pol yi sopropyl benzene fraction, wherein the nDIecuIar si eve of the
aIkyIat n cat al s MCM 49 aratln t he yi sopropyl benzene
fractio @Mo?’ﬁ tMé%f‘ng@M %@S“}"ﬁ? Hasitea ‘?'ﬁ'&nttg @dASAtHBR By I benzene
fraction and benzene with a transal kylation catal yst under at | east
partial liquid phase transal kyl ating conditions, wherein the particles of
at | eas®. sai dhelprptets ohclaim 2l wisereitasaid dransafkytadingcconditianseinclatea of

about 120 inch-'. 3., T L ss, of j m 2 wherein I | atin

condi t 1 PPl dpout SeBe RE TR Apoyr 208 2eres ot i 30%rd s Wignt
pressur ¢opfly apasd vélobﬂy %PQ% 180hr 1%rf%$é] h@é@%nd%z@n@%ﬁ%’p%ylﬂﬁhz&%’r l'y
space velocity (VHSV) about 5 hr' to about 50 hr'. he process of
claln1ZWWM§ﬂéBh0ﬂﬁbkp§ﬂtlcles of said transal kyl ation catalyst have a
surface to volunme ratio of about 80 to I ess than 200 inch'. 5. The
process of claim2 wherein the transal kyl ati on cat al yst conprises a

nol ecul ar sieve selected fromthe group consisting of MCM 22, PSH 3,
SSz-25, 1 1 JAN 2006 9 Maw 36, MCM 49, MCM 56, ZSM 5, faujasite,
nordenite and zeolite beta. 6. The process of claim2 wherein said
transal kylating conditions include a tenperature of about 100 C. to
about 200 C.; a pressure of 20 to 30 barg, a weight hourly space
velocity of 1 to 10 hr' on total feed and benzene/ pol yi sopropyl benzene
weight ratio 1:1 to 6:1.



