WD 03/ 006405 PCT/ US02/ 15953 1 PROCESS FOR PRODUCI NG CUMENE Field of the

I nvention The present invention relates to a process for produci ng cunene.
5 Backgr owond3obcsvhie | nventi on Cunene is a val uabl e conmodipcy/ushzmssal whi ch
is used industrially for the productiton of phenol and acetone. Cunene has
for many years been produced conmmercially by the al kylation of benzene

wi th propylene 10 over a ' : , lcularly solid
phosphoric acid or alum ﬁm&%%%gbibﬁtﬁgbr@ée%@ﬁ#’q['Fc\owever

zeol ite-based catal yst systens have been found to be nore active and

sel ective for_ proE&l ation of benzene to cunene. For exanple, U S. Patent
No. 4,992, 608! e use of MCM 22 in the alkylation of benzene
with propylene. 1 | l ; |t e I ed | ydr ocar bon
conversion pr oceigéyé‘gé%éﬁ%\éesf]t“gﬁoréé?éléc{so %ﬁﬁ%/q%g)éﬁéﬁp'%gglé%n&{rh% ‘or m of
cylindsi cal extrudates. However, it is known from for exanple, 3,966, 644

that shaped _catal yst particles having a high surface to volune ratio, such
as those haBaekaraupdiof thekveptigns- section, can produce inproved results in

estd. - Nor eover . Crfieng g e ieRiat Lbifnidtty i hifclPis IReRRRn] ©
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breakage, abpasy PRriGdE]-CraftTatdigst, baHiBREHY SSlPHhodprdRB!aiCoiufitfym 990

patent discloses that hollow tri | 'obal "and quadrilobal ZSM5 catal ysts are
more active elndridelMotd reeeiity, holvevet, rgblitertmsedfcatalystaystemts faGrbeerd 300

psi g pressur Foutnmg bséorln'orde acéﬁv'eré%rd' s(:e?elzctigg tfcgjlrI rcs)E)?Ia%n E)lh Berane tg%ﬂ%eme. Under
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



these conditions, the reagents are necessarily in the vapor phase. 30
Recently, attention has focused on |liquid phase al kylation processes for
pr oduci ngwelpbapdnat i ¢ conmpounds, since |iquid phase pr®cFdsey19per ate at
a lower tenperature than their vapor phase WO 03/ 006405 PCT/ US02/ 15953 2
counterparts and hence tend to result in |ower yields of by-products. Wrk

by the present inventors, has sho t hat,, shaped catalyst particl such as
Chose.dl sol cauiipaltsciri Rt CRYdo rBu RBRE" RN BB o i e o
no advant agepyfiRNpiresedt infvehftts hadghewhlBaesteipad @dthigst partibRBZSNEh a5
Surprisingly, however, it has now been found that shaped catal yst particles

can vyi el d i nihoseatisdlesad indUiS Ratent Nerii WO¢Mhad4 apdchd4 4OP8shewv IBE@LENne to
produce cunepe, ' e present

i nvention r e@‘?&ggg%%x%@%ncéggd my‘w&'#‘ %%%%#g&ggﬁﬁg%ﬁ%ﬁe%%npri ses the
step of cont gakpristhghg rraveeanithap hopybesrefound ehateshdpeaistatplgst particlesqui d
phase al kyl ating, conditions with a particul ate nol ecul si eve al kyl ati on
cat al yst, whedleyigld imerrened ireswlts igihe iayd a??l%@?ﬂﬁ“%%?ﬁ’%@%ﬁ?e a surface
to vol une rab.iogugg(% 80 to less than 15 200 inch-. Preferably, the
particles of "said alkylation catal yst have a surface to volune ratio about
100 to about 150 inch-'. Preferably, the nolecular sieve of the al kylation

catalyst is MMMZZZ PSH-3, SSz-25, MCM 36, MCM 49, MCM 56,
fauj asite, olite beta. Preferably, said al kylating
condi ypons i ncl udg end asHEstatHe Fe8éntaRPeRtion@Sided iAROWocdeSfor a pressure of
about 1 to about 30 atnospheres, and a benzene wei ght hourly space
vel ocity (VWHSWdusingationens which domprisgsoilie fep oheontacting 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
hrt.
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



25 In a further aspect, the present invention relates to a process for
produci ng cunene whi ch conprises the steps of: i) contacting benzene and
propyl enewaiosio@oparti cul ate nol ecul ar sieve al kyl ati on earalsgyzisoander at
| east partial liquid phase al kylating3 conditions to provide a product
cont ai ni ng cunene and a 30 pol yi sopropyl benzene fraction; ii) separating

pCT/ USob) 16653 3 bitaging B palsbhERYeBaS ReSlon el et 2P A and
benzene wit hp@rtnc@laté holdalisr sevetahadlkpatore chtaazs ahligl at least gatial yst under
at |l east partial I qui d phase transal kyl ati ng conditions, wherein the

particles ofligid PB@%@ tr@&ﬁﬁ'@@ﬂ?@&?ﬂ@'ﬁ%&t alyst have a b5 surface to vol une
2L et Soout SRR RGN & N i SRS RgIREC L SLeve
MCM 365 N[J\Aékﬂfadm\ﬁﬁumezsmbﬁfabwm&sidless ﬂmrdé@ﬂ)ir&:hand zeol ite beta.
about 100F to abdhiciosHly. 1S maldalirtoisre Shhed et BonRDGhE °f| w
abou o abol ourly
space vel oci {yle@batrd M@wp@ztp% 3f§§ﬂzenmctm%emmg'mem -8gy! benzene
wei ght ratio 1:1 1. Det a|Ie Description of 'the Invention 15 The

present i nveASMed, ﬁasuamteemoediemte and)zmiéebefa)r produci ng cunene by

reacting benzene R under.. at le u

conditions in the é%Bf{l ??EW %‘?’ﬁﬁﬂﬂso'@ﬁf”&il% asieéﬂ%erg L!{%Oit i on
catal ygt, whgh&itn dohe te&bdu¢ ee° ®fa pﬁéesaﬂé@flmﬂoqa‘o Sagbyedigftarig sur face
to volunme ratio of about 80 to less than 200 inch-' preferably, about 100
to 20 aboutspB® Vahedity'of 1 to 10 on total feed and benzene/polylsopropylbenzene

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 [east 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, about 100 to

20 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 alkylation

25 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 catalyst towards

30 undesirable polyalkylated species, such as diisopropylbenzene (DIPB) can

be reduced.



According to the invention, it has now been found that the liquid phase
propyl ati on of benzene, unlike the liquid phase ethylation of benzene, is
sensi ti vewD3jomdspmparti cl e (macroporous) diffusion |imtatPCanso2/i39s3
particular, by selecting the shape and size of the particles of the

al kyl ation 25 catal yst such that the surface to volune ratio is within the

specified range, oit, s f ' LG ' | I st ance can
be decreased vvitlﬁ)rL?thC' ctgggﬂ(\}&%@h c}}%?@é@h@@lﬁgb%@%gﬂ&é&%ﬁog\zolgﬁfeoss t he
first catal ygtiokes reddily Be BeRieved bylwwnaelling thy peiitidld sizeadfthy satdigst t he
propyl ati on of benzene can be increased, while at the sane ti t he

sel ﬁCt i vijft y @byt ueing g shaped cadakipiraridleundesas iin graeyedampdngald speci es,
such as diis L Dl
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particle size of the catalyst, or by usin shaped cat al article, such
a33t2 ge grooM‘t%@/tPiOrf@Plﬁ%Q*Wﬁ@k‘t%rﬁd%‘%/‘gpa'@é%’ %Sﬁedni%bf r@feé‘?n?%ﬁ}éﬁf No.

4, , 130 or I | ; ' in U S
Patent No. 4 EI G0 Y et o e B e e o e
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ticle havi i f,1/32 i i
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4,441,990 and having a maxi mum cross-sectional dinmension of 1/16 inch and
a length of dimemsiaoncef HA6 inchsand adength of &¥ Ikvinchrhas @ suffagetp VRluRw | ow

Lt T AN IBL Gl Ay ShEh Bt h e et ber
ratio of 136nchSar litemakdladtdtenot#Baliyst ang edehgtht ofes/po druatsisaod t he
i nvention conprises a crystalline nolecular sieve selected from MCM 22
(described surface to volumeatio 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 US 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



in detail in U S Patent No. 4,954, 325), PSH 3 (described in detail in US.
Pat ent No. 4,439, 409), SSZ-25 (described in detail in U 'S Patent No.
4,826, 667W0 oMOM48® (described in detail in U S Patent NoPCFURSD1RIY), 20
MCM 49 (described in detail in U S. Patent No. 5,236,575), MCM 56
(described in detail in US. Patent No. 5,362,697), faujasite, nordenite,
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25 between 2 and 80 wt % si eve. The al kyl ati on process of the invention is
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preferably f%"%f?ﬁq?ﬁﬁ?“%tgg'gémx%wﬁ?ﬁ%%gﬁﬁmﬁﬁ%@? Pglrlljetpr)lr gﬁgss of the
i nventi on i srgzeting therarvith additieralibenzeoadn ddransalkylaiidnoeaotor evet Be desired
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effluent and reacting themwth additional benzene in a transal kyl ation
reactor over a slihe &linsalkylationlcajalystiis prefatatly stmolpedlpe sigtyeywhich és
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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 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 total

25 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



for exanple enploy the same nol ecul ar sieve as the al kyl ation catal yst,
such as MCM 22, PSH- 3, SSZ-25, MCM 36, MCM 49, MCM 56 and 15 zeolite beta.

I n addi tiwn,03b@o0s r ansal kyl ati on catal yst may be ZSM 5, 2P€alisoy13453 zeolite
Y, and nordenite, such as TEA-nordeni te. Preferably, the transal kyl ation
catalyst is also arranged to have a surface to volume ratio of about 80 to
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aromatics react wwth the additional benzene to produce additional cunene.

Sui t abl e t r adsklvigyFid-Selic Kiadctipan by hdfuderaiswampangtMr M. sthatime. t o 200C,

a pressure of : g j 0 ' . j of 1 to 10 on
total 25 fee 'ﬁﬁ\é\y'%gﬁéz)ggg%ﬂﬂﬁﬁ mgﬁ?géaﬁdo%l:g %o'céf'?.gg#@eh al kyl ati on and
t ransabkyl at Enginetepg” 0§ O. hevengsiels ity Edmtern Invrdieidi, diewcBelHi¢1@td)duct ed i n
an suitable reactor, such as a fixed or noving bed or a catalytic
distillation unit. The followi ng Exanples will serve to further illustrate
t he process ng??gporre advant ages of the present invention. In the

Exanpl es, catalyst performance is defined by reference to the kinetic rate

constant which is, deternn ASsum 0 ction Kkinetics.
For a di scussion W@%%X%QOEWB@%S%S Q&bﬁkﬁlﬁiué@@é m nation of the
Ki netijg rat ecepprsitisRally peipared MO Ttsar6edThe caldigitevagerparsd React i ons:
Anal ysi s, Ex%rrpl esl, anydpRggct or DeWKIAM\%I .2 Fdlrﬁ d- Fl ui d- Sol F%
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propyl ene wasg/4ciaolluThedesditarg 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.



10 conventionally prepared MCM 49 catal yst. The catal yst was prepared by
extruding a m xture of 80 wt% MCM 49 crystal and 20 wt% alumna into solid
cyl i ndri c&lb oeog4otiat es having a di anmeter of 1/16 inch andpraTiesayiissef 1/4
inch. The resultant catalyst particle§ had a surface to volune ratio of

72. 15 One gram of the catal yst was charged to an isothermal well-m xed
Parr autocl ave r t or 0 ith a m.xture co i siLhg,of benzene (156 Q)
and propyl ene (ZS\ﬂ@)e.n t?ﬁa%@dﬁgﬁmq RPP loegﬁﬁﬁgﬁékﬁg?%g@@% and 300
psig for 4 hgsdPin Pxaple! 1, 398RbRIE: of ERafphsiB¢faveahe Wes il showin  regul ar
intervals and anal yzed by gas chriomat ography. The catal yst 20 performance
was assessedl@led.kinetic activity rate constant based on propyl ene
conversion and cunene selectivity at 100% propyl ene conversion. The
results are described in Table 1. 25 Exanple 2 The process of Exanple | was
repeatgd with the catal yst being profpatsled] by extruding the m xture of 80
wt % MCM 49 crystal and 20 wt% alum na into solid quadral obal extrudates
havi ng a maxi num.cross- sectional dinension of 1/20 inch and a length of
1/4 inch. The repgultant 30 catal yst particles had al surface to volune fratio
of 120. WO 03/ 006405 PCatadligd2/ 15953 7KWetio Raist ed f ddIPBi€upraneyvdtd)on of
benzene under the conditions used in EQanpladtl, the catal yst of Exanple 2
gave the results{showmn in Table [I. 5 Table 1 Catal yst Kinetic Rate
DI PB/ Cunene (wto? Copgbaipie 1Exanpl e 1 18%g34. 6 Exrarrpl e 2 244 12. 8

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.



It will be seen from T Table | that the shaped catal yst of Exanple 2

exhi bits higher activity and | ower selectivity to undesirable DI PB than the
10 cyl i nowbDaaloogtes al yst of Exanple 1. WO 03/ 006405 PCT/ USPRTABOSB958 What
we claimis: 1. A process for produci Ag cunene which conprises the step of
contacting benzene and propyl ene under at |east partial |iquid phase 5

al kyl ati ng ditions.with a particul ate nol ecul ar sieve al kyl ati on

catal yst, \CA%E&W;? {;,ﬂg” bsart icles of said al kylation catal yst have a surface
to volunme ratio of about 80 to |ess than 200 inch-'. 2. The process of
claiml wherein the particles of said al kylation 10 catal yst have a surface
to vol ume ratio of piBeras foopreducirbemene Whiethcompgseshe piepdss of clai m |

wherein the | eve iQn VS ected from
v 50 b SEEGhetd o plgifydld Whdindtieadt Bl byl aEL o0 1L O0
zeolji te bet aalk%légﬁg cohditipne edihsa pérti}gahmgmriolwﬁaned;ieveb aill/|ationydaalysy
conditions include a tenperature of about 10C to about 125C a pressure of
about 1 to aWB@Ee'nﬁﬁﬁaﬁ%n&&r@rS@iq a%M@“Q“l?@Fé)éﬁé‘%i%ﬁ‘t"fﬁ%Fq yoldmige

velocity (VWY d?{ﬂ?o%l?%tto?es@t'haﬁ%h@tméﬁ'1.50 hr'. 20 5. A process for
e

produci ng cunen I'ch conprises the steps of: i) contacting benzene and
propylene with a particul ate nol ecular sieve alkylation catal yst under at

I t ti liguid ph | Kyl af i . diti i de. d
contai hing cemenal BRATSSHS G AYTehREERiEn peEs atedl AR Epar at | ng
the pghyi sopgRBKSPREVE BEUMRE D 9BIUNE PAtISF IRAUOD:to Bt 150 inch™.

3. The process of claim 1 wherein the molecular sieve of the alkylation
catalyst is selected from MCM;22, PSH-3, SSZ-25, MCM-36, MCM-49,
MCM-56, faujasite, mordenite and zeolite beta.

15
4, 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™.

20
5. 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

25 polyisopropylbenzene fraction;

ii) separating the polyisopropylbenzene fraction from the product;
and

iii) contacting the polyisopropylbenzene fraction and benzene with a
particulate molecular sieve transalkylation catalyst under at least partial

30 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™.



iii) contacting the polyisopropyl benzene fracti on and benzene wth a
particul ate nol ecul ar sieve transal kyl ati on catal yst under at |east parti al
30 | i qui dwplwames4vs ansal kyl ati ng conditi ons, wherein the pacriushessss at

| east said al kyl ation catal yst have a9 surface to volune ratio of about 80
to less than 200 inch"'. WD 03/006405 PCT/US02/ 15953 9 6. The process of
claim5 wherein the particles of said al kylation catalyst have a surface
to volune ratio of about 100 to about 150 inch-. 5 7. The process of claim

5 wherein thg W'ngce‘sbwelm5Wﬁe@énkyh@bimmlescca"twld'atkylaloaeI ected from
MCM 22, PSH-3, SSZ-25, MCM 36, MCM 49 ite gnite and
zeol ite bet scatlystihaveaseEase &9 vel|umrraimf@b&ur’ﬁ19§|’féa PHV@QI condi ti ons
include a 10 tenperature of about 10C to about 125C, a pressure of about 1
to about 30 atnospheres, and a benzene wei ght hourly space velocity (VWHSV)
of abput 5 hr 1 Tiee phoueiss T claimis wherélhéhgnudeadandieed af thesallgfletien n t he

Pati o of aboatabst Esareded fiom Magd-22neran 5, Sz 5 BB MEGHE, 2 'S
wherein the Mgfgﬁ@g' §él@’%&ﬁeﬁﬁ§ah6%6ﬁﬂekb’état' on catalyst is selected
from MCM 22, H- 225 MCM- 49, MCM 56, ZSM 5, faujasite,

nor deni te and zeollte bet a. 20 11 The process of claimb5 wherein said said

200G & prosbure DR pPESS ofsE g TR Ahhlng coBdREhe BB § 71 o
%g onjhot al fepqstrafifle dPaBBENEIRPIYASARMPBYChE Hressureryf abbut atd abdutl to 6: 1.
30 atmospheres, and a benzene weight hourly space velocity (WHSV) of

about 5 hr'! to about 50 hr™.

9. The process of claim 5 wherein the particles of said transalkylation
15 catalyst have a surface to volume ratio of about 80 to less than 200 inch™.

10.  The process of claim 5 wherein the molecular sieve of the
transalkylation catalyst is selected from MCM-22, PSH-3, §SZ-25, MCM-
36, MCM-49, MCM-56, ZSM-5, faujasite, mordenite and zeolite beta.
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11.  The process of claim 5 wherein said said transalkylating conditions
include a temperature of 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.
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