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napht henes.[0002] Cumene (isopropylbenzene) is a key raw material in the production of phenol and

acetone and is produccd primarily by the propylation rcaction of propylene, CsHs, and benzene,
CsHs, in a catalytic environment. Cumene is then converted to phenol and acetone by
peroxidation. When sold as a commodity product, the product will usually contain at least 99.70
weight percent of cumene based on the weight of the product.

[0003] A source of benzene is reformate, which is prepared by contacting a mixture of
petroleum naphtha and hydrogen with a reforming catalyst containing a support, ¢.g., halogen-
treated alumina or non-acidic zeolite L, and a hydrogenation/dehydrogenation metal, e.g., Group
8, 9, or 10 metal such as platinum. That process typically produces a reformate that includes Cs-
hydrocarbons, Ce-Cs aromatic hydrocarbons, e.g., benzene, Co+ hydrocarbons, Ce+ paraffins, and
cycloparaffing (naphthenes).

[0004] Another source of benzene is the cracking of hydrocarbons such as by steam cracking
or catalytic cracking. That process typically produces an effluent that includes Co-Cs aromatic
hydrocarbons, ¢.g., benzene, Cgt+ paraffing, and naphthenes.

[0005] Still another source for producing aromatics is the dehydrocyclo-oligomerization of
C,-Cs aliphatic hydrocarbons. That process typically produces a product cfflucnt that includes
Cs-Cs aromatic hydrocarbons, e.g., benzene, Cg¢t+ paraffins, naphthenes and Cs aliphatic
hydrocarbons.

[0006] Benzene can be separated from other reformate hydrocarbons, e.g., C7+ aromatics, by
distillation. However, the benzene obtained by distillation will usually contain Cs and C7 non-
aromatic hydrocarbon impurities that are difficult to separate from benzene by distillation
because they have boiling points close to the boiling point of benzene, i.e., their boiling point is
within 10°C of benzene (boiling point of 80.1°C) at a pressure of about 101.3 kPa-a (absolute).

This feed may also contain Cs paraffins and naphthenes, such as n-pentane and cyclopentane.
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the transalkylation of the polypropylbenzenes formed during the propylation of benzene.

SUMMARY OF THE INVENTION

[0016] The present disclosure is directed to a process for producing a cumene product having
a purity of at least 99.50 percent based on the weight of cumene present in the product using a
hydrocarbon composition feed that has not undergone extraction. The non-extracted

hydrocarbon composition feed is substantially free of C4- hydrocarbons and C;+ aromatic
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ydrocarbon having a boiling point thhm 10°C at a pressure of about 101.3 kPa-a of the boiling

point of benzene; (iii) less than 5 wppm of sulfur; (iv) less than 1 wppm of nitrogen; and, (v) less

than 2500 wppm of olefins and dienes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is a simplified process flow diagram, illustrating an embodiment of the

disclosure.

[0014] FIG. 2 is a simplified process flow diagram, illustrating another embodiment of the
disclosure.

[{0015] FIG. 3 is a simplified process flow diagram, illustrating a further embodiment of the
disclosure.

[0016] FIG. 4 is a graph plotting amounts of n-propylbenzene in combined product versus
cumene contributed from transalkylation.

[0017] FIG. 5 is a graph illustrating results of Example 1.

[0018] FIG. 6 is a graph illustrating results of Example 2.

[0019] FIG. 7 is a graph illustrating results of Example 2.

[0020] FIG. 8 is a graph illustrating results of Example 2.

DETAILED DESCRIPTION OF THE INVENTION

[0021] All patents, patent applications, test procedures, priority documents, articles,

publications, manuals, and other documents cited herein are fully incorporated by reference to
the extent such disclosure is not inconsistent with the present disclosure and for all jurisdictions

in which such incorporation is permitted.



[0019]FIG 7 is a graph illustrating results of Exanple 2. [0020]FIG 8 is
a graph iIIustrating results of Exanple 2. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [09% ﬁlengents pat ent applications, test @ggﬁggﬁéﬁimzprlor|ty

docunent s, Subl i cations, manuals, and other do

herein are fully |ncorporated by reference to the extent such disclosure is
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- [0022] When numerical lower linits and-Aunmerical upper linmts are |isted

herein, ranges fromany lower limt to any upper limt are contenplated.
[0023] As us@823In tWhen gpeeicl lewey bmits alenyrearigs ! opermiisy keetlisisd hefodn, uanags i n

the sense dgsg L B it B&ny ﬁ;ﬂe%nfaﬁre%&%ﬂlﬁlaefr amewor k Types, " 2001. _
[ 0024] As used herein, the nunbering schene for the Periodic Table G oups is

used as in BAFHi cats l&?famv_ﬂﬁg preidration. theelgem “fempemprk tare” (i 98 n the sense describe
in the “Atlas of Zcolite Framework Types,” 2001.

[0024] As used herein, the numbering scheme for the Periodic Table Groups is used as in
Chemical and Engineering News, 63(5), 27 (1985).

[0025] The term “aromatization”, as used herein, shall mean the production of aromatics
comprising benzenc, toluene, or mixtures thercof by the conversion of non-aromatic
hydrocarbons to aromatic hydrocarbons comprising benzene, toluene, or mixtures thereof. The
term “aromatization”, as used herein, shall also include the production of aromatics comprising
benzene, toluene, or mixtures thereof by the cracking of heavy aromatic hydrocarbons to produce
the aromatic hydrocarbons comprising benzene, toluene, or mixtures. Examples of aromatization
processes include catalytic reforming of naphtha, dehydrocyclo-oligomerization of C,-Cs
aliphatic hydrocarbons, steam cracking of hydrocarbons to produce aromatic hydrocarbons
comprising benzene, toluene, or mixtures thereof, and the catalytic cracking of hydrocarbons to
produce aromatic hydrocarbons comprising benzene, toluene, or mixtures thereof.

[0026] The term “reformate”, as used herein, shall mean the product produced by
“‘aromatization”.

[0027] As uscd herein, an “alkylatable aromatic compound” is a compound that may receive
an alkyl group and an “alkylating agent” is a compound which may donate an alkyl group to an
alkylatable aromatic compound. One example of the alkylatable aromatic compounds is benzene.
Examples of the alkylating agent are ethylene, propylene, polyalkylated aromatic compound(s),
¢.g., di-ethylbenzene, tri-ethylbenzene, di-isopropylbenzene, and tri-isopropylbenzene

[0028] The term “wppm” as used herein is defined as parts per million by weight.

[0029] The term “at least partially in liquid phase” as used herein is understood as a mixture
having at least 1 wt.% liquid phase, optionally at least 5 wt.% liquid phase at a given
temperature, pressure, and composition.

[0030] The term “substantially in liquid phase” as used herein is understood as a mixture
having at least 95 wt.% liquid phase, optionally at least 99 wt.% liquid phase at a given
temperature, pressurc, and composition.

[0031] The term “C,” hydrocarbon wherein n is an positive integer, e.g., 1,2, 3,4, 5, 6, 7, 8,

9, 10, 11, 12, as used herein means a hydrocarbon having n number of carbon atom(s) per
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[0034] The term “MCM-22 family material” (or “material of the MCM-22 family” or

“molecular sieve of the MCM-22 family”), as used herein, includes:

(i) molccular sicves made from a common first degree crystalline building block “unit cell
having the MWW framework topology”. A unit cell is a spatial arrangement of atoms which
is tiled in three-dimensional space to describe the crystal as described in the “Atlas of
Zeolite Framework Types”, Fifth edition, 2001, the entire content of which is incorporated
as reference;

(i) molecular sieves made from a common second degree building block, a 2-dimensional tiling
of such MWW framework type unit cells, forming a “monolayer of one unit cell thickness”,
preferably one c-unit cell thickness;

(iii) molecular sieves made from common second degree building blocks, “layers of one or more
than one unit cell thickness”, wherein the layer of more than one unit cell thickness is made
from stacking, packing, or binding at least two monolayers of one unit cell thick of unit cells
having the MWW framework topology. The stacking of such second degree building blocks
can be in a regular fashion, an irrcgular fashion, a random fashion, and any combination

thereof; or



WO 2008/ 100655PCT/ US2008/ 050497 - 6 - nol ecul ar. For exanple, C' aromatics
nmeans an aromatic hydrocarbon having n nunber of carbon aton(s) per

nmol ecul ar N means a paraffin hydrocarbon hayi
car bon aton(svcggﬁﬂ%%%ecular Cr, olefin nmeans an olefl% E@Eﬂ%@ ?@in havi ng

n nunber of carbon aton(s) per nolecular. The term"C'+" hydrocarbon
wherein n is an positive integer, e.g., 1, 2, 3, 4, 5 6, 7, 8, 9, 10, 11,
12, as used herein nmeans a hydrocarbon haV|ng at | east n nunber of carbon
aton( s) per mol ecul ar. The term "Cr," hydrocarbon wherein n is an positive
i nt eger, g 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, as used herein neans
a hydrocar b6H MGG Heyeropuicr R g ﬁﬁﬁﬁepfdﬁm@ﬁrBbﬁHQWﬁ%%%PFpé@HWQ$@@UIar

[0032) The t er moimB@iidrGhit 81 secl AERAIY dchRrdigpdigder stood 1 n accor dance
withits art- recgﬂplzed scope which includes alk Substituted and

unsubst i t ut @8BHonolheaMeMydt Vs eierigle rifso aliersteri baise 6 darryadifination

character, Mb@hnmﬁ@e aemg%&rn@eaatolmi@rz? ﬁkﬁt@ 09586 ulaops o WdedhosfLilnel ent
acti vi ty can be achi evedp act as catal yst p0| sons undef the reaction

condi ti ons CEIEE PBY: ‘W@%@@F Wée 2 Fmilyepaeriahapdyi Ao Re qhﬁfd?tfﬂﬁmi iy prare”  as

used herei n ﬁ-r&&ﬂdﬂfa@t‘idﬁ“tt@fﬁ iR IWngt dipRciRavbRghadt 13 88515 & owb 1 903l d788b e .phase,
optionally at Ieast %] iquid phase at a given tenperature, pressure,

and conposit1of? [WS%]%@“?%‘H““W@F Z‘Qbﬁfnélﬁllz‘ifl) nBitceXitay 'dlffffft‘mﬂ ﬁﬁfﬁé’fb?cbto of

the MCM 22 dhadabtbiyze B molRBIILGINQbreSb@URd 8f stah@urdeMmdic! amd e k alﬁfﬁl dba6ick
herein, includes: (|).nolecular sieves made from a comon first degree

crystalllnéﬁﬁﬂﬂfﬂ?ﬁ Brigek ! “Hﬁ??a%ﬁ1@ﬂﬁﬁvpﬁ@1?WémﬁWWWF@aW@WHﬁwlﬁbﬁﬁr@ﬁ& A
UEI t C§| | Iﬁs@xa&@&bh@lteﬁsf@é&@ﬂl@ﬁ@g s?sfterﬁltm%né/l\bb&&hg' tg thd M@gl/[ giﬂ falnlltyhlncluckt |
three-di ne ace to describe the cr as_described in e " as
of Zool | £ o W SEWIRR b0 & Tion J081 1o b HE i T Neb a0
which is i rgs@ryso(daicatedm ves amenae; 4 L6l 6%7Mm¢ul(a@sc§ueaws$m@@n fphefe Ro.

a_ 2-di_nensi ona ing o ch. MWV

comon sec buj I dj n aock,

f r amewor k 3@g%ggﬁlf83e‘?§”$W8Pnbﬁgpg'®Wbﬁ6V5y@%)owt%%émﬁﬁﬂﬁdd%ﬂmm““wnﬂ

t hi ckness" Paphefudtialnby grenwocgm mgto_) Q§Q13Ot(gki96ﬂﬂf¢6$1$In|tc(u|1dt1bﬂal PRk R Pub@atis] RY. ets )
made from n r ui ldin acks, "layers one or nore than
one unit cgﬁmﬁﬁﬂ @22@5@1@%%&%&"&4 ga Neyp 2&%%%11}49{' -dhelesribgd i8df-b-

t hi ckness ipat. mdng(fﬂm M@qkésr(gescmakm 0. P@tf NBI 518629 7tnd EAFLS tddRribed in
nDnoIayers the MAW f r amewor k

t opol ogy. Ig&ﬁ@%@héo@ﬁ tﬁ%ﬁh%ée%%ayﬁﬁgﬂggkgﬁﬁﬂgéﬁﬁnﬁWH€%§ " RRifeEcEn a

regul ar fagéi3en, anisits egph@ciatash BICM-22 randomofcaghi 9fes ARG BIAYabove are

combi nat i O@.ls urpgeulis OJ fron? Eonv\ég%o%glqg/g} gcg cE:5 g&ﬁ%glklfz a%gg gﬁte?lgbotsdf 81170h as mordcnite, in that
the MCM-22 family materials have 12-ring surface pockets which do not communicate with the
10-ring internal pore system of the molecular sieve.
[0037] The zeolitic materials designated by the IZA-SC as being of the MWW topology are
multi-layered materials which have two pore systems arising from the presence of both 10 and 12
membered rings. The Atlas of Zeolite Framework Types classes five differently named materials
as having this same topology: MCM-22, ERB-1, ITQ-1, PSH-3, and SSZ-25.
[0038] The MCM-22 family molecular sieves have been found to be useful in a variety of
hydrocarbon conversion processes. Examples of MCM-22 family molecular sieve are MCM-22,
MCM-49, MCM-56, ITQ-1, PSH-3, SSZ-25, and ERB-1. Such molecular sieves are useful for
alkylation of aromatic compounds. For example, U.S. Patent No. 6,936,744 discloses a process
for producing a monoalkylated aromatic compound, particularly cumene, comprising the step of

contacting a polyalkylated aromatic compound with an alkylatable aromatic compound under at

least partial liquid phase conditions and in the presence of a transalkylation catalyst to produce



- 7 - (iv) nolecular sieves made by any regular or random 2-di mensi onal or
3-di nensi onal conbi nation of unit cells having the MW framewor k topol ogy.
100351The MCM, materials are characterized by ray
diffraction pa??g%ﬁ |%%Iud|ng d- spaci ng maxi na at 12. 40qg¥[£8m§@6%67 and
3.420.07 Angstrons (either calcined or as-synthesized). The MCM 22 fam |y
materials may al so be characterized by having an X-ray diffraction pattern
i ncl udi ng d-spaci ng nmaxi ma at 12.40. 25, 6 90. 15, 3.570.07 and 3.420.07
Angstrons (either calcined or as- syntheS|zed) The X-ray diffraction data
used to characterize the nol ecul ar sieve are obtained by standard

t echni ques WeMeBoainded 0 pis campImes Whsreir Bis rensabkglationecatalst epapinisesadinixtiron
and a di ffrgcdoast & GEULRREH M M@e @t Relds! #hd0R e%&f*'@ft fﬁE nﬁﬂ‘éuﬁrs §1?\¢€|bq% ed
conputer as the collection system Materials belong to am

i ncl ude MoMeEsted faaeeslekpta. ﬁeoete .mgoggnite pggl amatgmhman Pisswdéfreqﬂ@g @@ttebed in
U.S. Pat. Naecludind@pARE maxisasdr 2§4ﬁ((ﬂ§s§§£(b@d3'57‘id~b7%nd Bab+o MNOAndiG2S. 667)
ERB-1 (described in European Patent . 0293032) | TQ 1 (described in U S
Pat. No. 6, d%¥I 9‘8*)%1?0?@1@2“ %@%ewr%@sqlwurw demiced BTG PaRefaringimFiGdt i on
No. WO97/ 17288 ha isl ik BRed dl@slﬁ%'lbi‘ﬁg) fehetdroBE @a&ﬂeﬁ)é”\%la 1) ﬂ%ﬂk rgféghédcﬁi t&'ﬂl No.
W2005118476 ktﬂl\/CM 36 (described in U S Pat. No. 2 77),

(descri bed §#fkes glo Pamdtlwod@tsze‘éu@%?Cﬂzwetvr@éwe%tb%y Pb‘éffd?tﬂr @ns,ls ﬁwn No.

5, 362, 697) , thabdandiVh&c (8 SEd hb&‘& Zofic. Un Seach ?—EoncNoCﬁ hf @B c RN arc-ll-aﬁm’%@tfﬂoﬁle )
contents of E‘% Qf?oggat ents are incorporated herein reference. 100361 It is

to be appré aie i eresd e grmdipingnfapgicdt Wgﬁ‘dé%éﬁ?féé‘?f‘ﬁobéﬂle étYéﬂ/]éleaSr e

di sti ngui shad iftufoadee any edtih®Nalhcl-akgRePRIFRCTMOd tefofth 'é%%ﬁlttrbﬁﬂnﬁ@?r@dtiﬁﬁtasy
such as nordenit in.that the MCM 22 fanmily materials have 12-ring surface

pocket s whiEAYdEPOHBC ERiHALANE 20N ARRY BERE calwileh frrgtiomt Shhbght FrévranatsyEction of
t he nol ecuhanvnsmewe frohf)&&z]]mT hehsegl iitd ¢, tﬁah@wa&fsm@l@esfrmaﬁ ed witarh e oA SC

as bei ng of ol og e nmulti-layer terials which have two
pore systert ug’tn W E‘b‘rﬂ]t E’EP% e %ﬁﬂ?f raghind 1§ ¥ itdAwe fleg Plurys.
The Atlas ofthidegd lIuicG3Ehcaﬂi&wIckd ﬂi;opzasc ci. asses 1si ya@al;@t Ml@fn%tgl YulR@Beogen,

materials a aving this sanme topolo I TQ- 1, PSH-3, and
SSZ- 25. [o@geé%]’q‘*ﬂ‘i‘ en %‘W%ﬂ??%g‘%ﬂfé‘%ﬁtéﬁa%aévg% “}%\Y%d B@B%ﬁrlﬁaﬁﬂd{’%ﬁ%
useful in aohlei Ricfionf Th@/fdammagr @e&ﬁo@ QW@fdﬁdw@Jfr@ﬁ 06RSIS8Sa likeX BNRIdaStr&fucMCM 22
fam |y nol ecul ar Pff?% eve MCM 49 5&, | TQ- 1, PSH-3, SSZ-25,

and ERB- 1. &R &HPYBIYL 6?“5r é’éol%illaé‘m&%rfeu 5. pppylepg iy Brpdsediagingnig
corrpounds bE@kneeix afmpiee with). t}& progti@atio Nom AmIBH, [AAmblcstAras@ht shoRic@eE Sschf Or
producing a nonoal k | ated aroma ound E{artl cuI arly cunene,

conpri si ng ?H’é)pgffcaﬁ SFoPESRT ﬁﬁ‘i‘i"ﬁ[ﬁf‘h hEPR) ey 1P PS8t e TonpSURE Wt h an
al kyl at abl eoraamlr@tmmuctorrp@iufdehwnnderh Iiibpyllzﬁlaﬁtzoﬁkalm ivad lihd QIUlaﬂd pitRgEeed into

condi tions i ce of a transal kyl ati on .cat t to produce WO
2008/ 100655RCT ngﬁib i35 A1 cugien E%&a‘%%t’f&?{ af?“‘éﬂo%chﬁ%? IR A GbaeHa,

wher ei n thenda@ﬁsﬁadckyd aﬁnmsedaaftcahwtdn@pdﬁmb@e&nsenm XTHerR- PActiak mlvﬁalaiawhv\n
different ¢r r..sieves,, wherein each t he

sieves is ge eccc:’ uéncf 2?r (5%0 gélai“f |thgiERoved Lo 5}‘8”“?“”??@? ‘?rt“é:y%{n%“& f‘;etf’l al
havi ng an Keopglytichi Zohe 8%t TienCpdtdceannis mibdraeth ﬁgmoboﬁmﬁm'mgd Iieexd amd aditrolidec40. 25,

6. 90. 15, 3.57 d,3 420. 0, 0039 nt. of the

present di sg goshlﬁrfl%afjsl%gﬁlluc é fig qéiéacﬁon 1?2& %tf’ofl}‘tﬁ%t‘)t "R %léﬁ?urﬁ%ﬁ‘ﬁﬁ?ﬁ i's
i nt r oducedprdect ifiag@nlani nt@or aciborompiied 3f phigsrepititrazaaphtda, + dydrefaetoned or
st eam CraCIfEdCI nt (gnolrsrat %h%ra;gvropucts |n ud ﬁg%gg enoeVe PPQB' legnnle gtngr

reactor zone ¥ shown gt OT &0 mlne %A%
zone 3, mhdmydh@b&pﬁamanag end ermamaﬂldbﬂer mmwg@dmgfﬂw mea:oﬁ/magdslpmel &annnd t he

remai ni ng te mnthdramm fro rea zone.

| ntr OdUCEdBllg n({%g qgtol %aboﬁl 1¢] mcreas% its 8) %El éct}i)urlr%,[C\éraen[eopr?cgwcﬁ]frga}olnglht
reformate fvrtladrawrofmma;omaavw vnaeﬁr@r_’rtaetnd réqoamd vithovanctdaf iethizemeifbeivne Mhe
coboiler f he I| refor fract S mnth rawn, from co unn 7
t hr ough 1| i éllgﬁ:g& 8&?“3; el us havc £ m raa(t:tci(%crcl Slés.b g\/% RGP abn VP BB

t hr ough I|m@1&mgmaﬁdmmhwubenzene/benzene coboiler fraction is mnthdramn
fromcolum 7 through line 13 and introduced into zone 15. In zone 15,
catal yst poisons, e.g., sulfur, nitrogen, olefins, dienes, or conbinations
thereof are at |least partially renoved fromthe benzene/ benzene coboil er
fraction. The resulting fraction is withdrawn fromzone 15 via line 17 and
i ntroduced into propylation zone 18. In propylation zone 18, propylene is
introduced via line 19 and benzene is reacted with the propylene to form
currene. Low nol ecul ar wei ght nol ecul es, such as propane and propyl ene, are
wi t hdrawn from propyl ati on zone 18 via |ine 20. The cunmenecont ai ni ng
product |s mnthdramn fron1propy|at|on zone 18 V|a I|ne 21 and i ntroduced

o ~ ~ T ] - N T T Y 1



WO 2008/ 100655PCT/ US2008/ 050497 - 9 - [0040] Anot her enbodi ment of the
present disclosure is depicted in FIG 2. Referring to FIG 2, naphtha is
i ntroduced Vvig,l into reactor zone 43 where the n f or med
into aronatrc@pfggﬁcﬁé i ncl udi ng benzene. Although only%gﬁégrggé?%f zone is
shown, there can be nore than one reactor zone. In reactor zone 43, -
hydrocarbons are renoved fromthe reformate via |ine 45 and the renmaining
reformate is withdrawn fromreactor zone 43 via line 47 and introduced into
col um 49 where the feed is fractionated®o forma light reformate fraction

and a heavy refornate fraction. The light reformate fraction |s Wi t hdr awn
from col urml%P1t hraradter emhediment o4 dhe preschiedivajospist ip daieted fiy BlEt i2onReforinaitni ng

benzene andrieenzepRnERRRIIEIS viaindiat REs F‘é‘éﬂoxf{oQ@M§@h&me%gprﬁﬂr19H:%mleﬂ o 93
and i ntroduced into zone 55. In zone 55, olefins, dienes, or conbinations
t hereof ar ePRHSVIEBIUCESRSIEdiee Praavny rdfevaheandy proaierdi@rroneT eshpwa fherp ggp be

fraction i smyctihell 8V rchEi@MARNEINSRadbrzdnk N8, 27 AhdMbAOICEM 0Tt Qork QhMM
59 where the feed is fractionated to form a benzene/ benzene coboi | er

fraction an@Cm¥yyviading daeidthe pappingyefompge mmithdrappdiontrepgereeno® via lingdbved

from col umyungntfodagtiiiap céﬂhﬁ‘mlélk) RehcRlihe ADE iDENESNRUDE R?r@rnaeh;%h@ Q%rhﬁ{e fdcagt i on
is withdrawn fromcolum 59 via |line 63 and introduced yl ation

zone 65. Prdfy Ry reormterfrgticed Thet iehp roprmatst rasHon snwitigisaw Omqubm@?"f%nd

benzene is th@agt Bt W idd thh ey OE¥RRLEHIRok 0SIRISHEBOLencLAW HIRIES BRIl ght
nmol ecul es, s ch as gﬁylene and propane, are w thdrawn from propyl ation

zone 65 vi aVidH g™ gfemp ik dhiaushdine 2P ni g it BERICHIo] 29050 - h Y Z8RA 5P+ Jefns,

propyl at i Orthe?h@ﬂe)r 65tha';hohi Meredflardindvad E@ﬂ%ﬁ@d@a&?&&o%k%tﬂ@ ThdreGMidm
73, the cu ne- contgrnrng gﬁgduct&ﬁiﬁfractronated to forma Cs- fraction

and a C9+ fF%ﬁWﬁﬁﬁ” GAPP MOBTOBE °% &4 BEPYRTBYI BRE e ekhererthe faed is
fraction i Sﬁdwladma @Morih rdqmug‘eaé/uémcnz?coyd@r Frhdtien 4Rd a0gh Sblbgy fri @RV ek £om
the unit via 77 Oor rec |a Ilpe 63 t ropylatlon zone 65. The
C9+ fracti &ﬁorraélc 0 RA SRR g Fﬁ”l:‘&ﬂ i gecy i vin fines b hs ey <aiiae EeborieR o
col um 81. ffaltrcﬁoisém'ﬁld&km the c@Qrﬂnan 59161%11316 6f35antirlﬁ@@du@@iaﬁl@ﬁp@?datfo‘iird@c ashi gh
urity cu roduct fraction and. a + fraction conprise

Bolyp?opyrgﬂﬂ?gﬁe§;mﬁﬂ%‘@£5$’P? FFH&”P%6%ﬂ?ﬂﬂpdﬁhmpﬂgﬁ?%6F%ﬁ%“%hwvr§wl|ne
85. Recovernegypad ypfoap yhhaRz arasmbiasgaraydiihg ﬂlo%ﬁlaﬂ@udhadslpﬁg)y&ﬁg a@dfl Sropane,

avai |l abl e for tE‘grradrfn t he val ue of %FE 8§ égan be bl ended into
gasol i ne t & REPURYY Oy PERYIAHYY Zonpndo i ‘g i t YPCC EHARHE O RINE TIPS S on
} s vviht hdr awmtfhﬂrmmfmi pHopY1Bibn b 45i he3&371am lmﬁmoyeened cwiutna gt hﬁléﬁﬁlm@ﬁ%

urt her puri i cation oduct , Wi usu ave purrty t hat
exceeds 99. %bC%@W8§WWmBVEW%?£E?‘b §%ﬂnﬁﬁif%em?bﬁd$ NéWQWEaB o he" frgict .
[0?41] A f urcmhmseenbadmdﬁeaﬁd pﬁrym&l@m@ﬁesentﬂm &C h@emes wehdigp ﬁblﬁdzoluﬁlélﬁbed 3.
Referring to vrn ture i ntroduce
LT ned 6 tiscTs SRR M MR Rt kaThe Tk ob RS Tl g 5260 BpRasfion

cracki ng re@wKﬁlﬁgeCarﬁmmbmﬁumﬂﬂ@mﬁﬁmﬁwmganDﬁBMhﬁ$9mﬂﬂnmmmmhnmcommn

2008110065 1 0081050497 - 10 - enzene. Although onl one
react or zoggcﬁspsﬁbﬁhghghégg_g%lohe; ?@“?h%ﬂgbﬁgn%%ﬁé#dwn?o e“?ﬁ“wﬁﬁctor
zone 103, ﬁ%mwhyddo@&ﬁdﬁﬂﬁmﬁﬁﬁmﬁanmqobmn@ymmnem$05handﬁahhe@ym\mm@ohmon is

renoved vi ine 10 tLon co i ni ng, benzene a benzene. coboi |l ers
is wthdr a\%ﬂmfcro glm r8<7ala‘(’:1 ([)"rle g%neecf&re(spogmr???gbeﬁf@es e aﬁ‘f@o‘if&(‘?&da nﬁtaB‘?QYBne
111 where ahﬂmﬂeannmgmdmgthydﬂmmmmmmﬁsedmuomﬁwebmm&ﬁ1ma@ﬁamhéy)ﬁeﬁm%em
sul fur and o Pr ef er abl t|o fter t | ess
Shan 5 appRtd ol e TREL PERLY priRE AR SRt F B R g P B Bins

ar e renovetchreonh widwet dktd of fuathbr mmﬁﬂm’lti&n Tie coreerri prodagt Witlastdllgrhavsa pemmved
from zone 115 .and t mhere the feed is
fractronaté%%g%e édﬂgmggmq¥%ﬁ%car B %&¥|eﬁ£dﬁgqﬁﬁ %Y dr ocar bon
fraction. [DRel|C5- Arfyldroocmbdnbmodtroﬁcttcr mcscntsdmﬂdbtndnamfpufmrdomfdol MR ctbhrihgvtb a

line 119. roca n fracti i fr olum 117 vij a
line 121 an @fﬁh %)E% dn%nré“%gﬁ% %umlsu}oé(md ?Qb |§?1§% ??@é?%ﬁ]pg at

| east part whirt ythe enpvie diderpess aran odrafkingsresAiigein tar gatuvernbptaintng dro@atics on
preferably contains | ess than 2500 wopm of ol efins and di enes. The fraction
is then withdrawn from zone 123 via line 125 and introduced into colum 127
where the feed is fractionated to forma fraction containing benzene and
benzene coboilers and a C7+ aromatic fraction. The C7/+ aromatic fraction is
removed fromcolum 127 via line 129. The benzene/ benzene coboiler fraction
is wthdrawn fromcolum 127 via line 131 and introduced into propyl ation
zone 133. Propylene is introduced into propylation zone 133 via line 135
and is reacted with the benzene to form cunmene. Low nol ecul ar wei ght
nolecules such as propylene and propane, are wi t hdrawn from propyl ati on

o A NS o R — T ]



[ 0042] Al t hough recovered pol ypropyl benzenes can be transal kylated with
benzene to formcunene, it is preferred that the transal kyl ati on product

not be used i Ng high purity cunmene because the tion can
result in the& @?"?%gt‘h%%’n of substantial anpbunts of npr opy%g@ﬁf@kﬁmz

1200 to 3000 wppm of n-propyl benzene. Conbi nation of transal kyl ati on
product with the propylation product can result in the formation of cunene
product having |ess than desired purity. FIG 4 is a graph show ng the
result of conbining a transal kyl ati on prdtuct containing 1200 wppm of

n- propyl benzene wi th cunene product contai ning 80 wpopm of npropyl benzene
and forned PAUEREDFEGIY Adhoush oplymac reagosioamnis SheyiFthere can be mpreghan e peactor
product havigg ?ﬁFé%tblt%npfl%g%a.-gl@ydﬁﬁﬁt%gﬁltdre G VEHPE NG B 53%} hé%%r Eragﬁ)nq
specification if it contains nore than 10 percent of t e transal kyati on
product. Prispgvdtiivlineci aly§ectippeasyinine densprsiaad berrcentsbeilaventyithdiendaml yst

used in propydidtbndiddenz@Ene oMahd inREhRE Hio zoRC T lvﬁhc?@tth@kr){cct;oncfsol%[:dp?dcgg
crystalline MCM 22 fam |y material . These mol ecul ar sieves are descri f)ed in

detail in "R@f kast grtivholemere mifghuporkosmypBesferably de frktionsyist [renen conying
Mei er, and B thhn %@H of Eﬁlﬁl‘?\éh& fess fhd thBglvéﬁ% U Orﬂhdro%g)(ggns d%lemvéds
y

hereby i ncoy por at ed ref erence. Exanpl es of |y nol ecul ar
si eves i ncllitfezaeni byia e 3eThavenioing Vesioggs rernp@dlfrorssmlsl vigrighe pgHargl

Pref erably, trdobrréib @6 18 Wa¥e thesreddaVdeion@bdio BRSh AV I8HRILABLY fradiB and
nol ecul ar sjeve.is alumnosilicate MCM 22. [0044] The aci d-active catal yst

used in t hi'sdydersartectgn | ThediaPydjosshpa frariiogismishdiam feom pelvme [ Harighndgf

from about mota hab@fuﬁydl&gl@on (GG r:@-@ltbfdrivl?rpmlﬁl@&u&m 197 VR 1”BAYE ark0RRedubRe ©
preferably fr om avgut 10 0 about 1000. [0045]1n sone aspects, the

aci d- act i vd™@&PH \StWheEdhe fractiopistirgiod & étslﬁﬂbbp ly ceaqyicidisaesandeti g H&ee

nol ecul ar  sicem@nhian fightion GRIRSITIR IO taihN eX thah 2800l 2 phASor SRS In0 el WRndd: Sthe
Patent No. 4, 016, ég%g i ncludi ng ZSW 5,  ZSM 11 Zg 12, ZSM 22, ZSM 23,

ZSM 35, and & gien pEfsgvy O’Eiég‘&er 125 ing Tdepad intrpdyogd into cplypmrle7 pgere the'

3,702, 886 and 1R&1act2x91aﬁé8@ f&ﬁM& Thctich ERBGIADBGzénd Metdhdent BoldilSs Rataett- No
3,709, 979. ZSM 1% is d bed in S. Patent No. 3, 832,449. ZSM22 is
descri bed i#Pylig, ra?%ﬂ“en + ypraagig Traetion iy sgpoyed fremepoliamy Vi AUl Bigt ent

No. 4, 076, &dizzenoliSivkahd cb&nl@ﬁﬁ@cﬁﬂob@&iwhﬁﬂrﬂvﬁfmtﬁ%ﬁxﬂﬁl NG vid i 6312443 intéoalfb 48 1S
nor e partlcul arlg,/I descrig}%d in i.J S. Patent No. 4,234,231. The entire
contents of "&PTOPYRETAGRS &3 S unieng fdkadrcedtinis ROPYFEOT 49851 Horatigl Hepdisn by

reference. red¥oR008/1HOR020PETobiP2008{0504%oleculad weidhPREREIR, SRAEs Plop@Enc

aspects, the acid-active cat st used in |s di scl osure may corrprlse a

| arge pore a%ﬁ’r@E&i?Faal‘c?it%%wrhg?f?{ﬁ'é’pé‘a@?ﬁ?fl? nfe ll”ﬁdé% %’f‘m@lé?s%mfﬁ&‘ﬁ pgoduct

Si.li t abl eb: ag@aldwﬁrmbxelpydhtam zSh@al\BesfldDeﬁﬁ:IG@@ndzlﬁl@ddalE@i datetca%rélzlegi |I£Q'(\)A1-Y2fnn
trasta um ni ze a nor

ZSM 18, a ﬁ/ﬂwgﬁzc‘i@%ﬁc?ﬁ%%&‘f%rpf%ﬁ““ lérf‘d“iglﬁffg)é" formqi fegfazé‘m if%?g%l 3etioMped

in US. Patcﬁ“ﬁ;ﬁrlsbkbof Mﬁ@arﬂﬂﬁlyp@@IbbﬁzﬁnaES%Q@SJ fac@S6 Fnlith@dwh Mrokd. Blunflatsgnt

No. 3,972, 9831116%% ite beta is Pat t Nos. 3, 308, 3g§ and

din
Re. No. 28 ik g oiorrhOE At BB elediiarng Fove RUWOT @ agtr i bog
i n U S. Paffent )H\mnor&,s%ﬂidﬂigﬁ ﬁaﬂﬁ:o&nﬁalllg,l @#%Qinc Deahnarmmda&d info 26lahh t189. (1keal

may be prepar tho f.o n US Pat , 442, 795.

ZeoI i %/e UHE |nsﬁg’ ngage g%ctmg’agf%ﬁlfo Nglghzi’“%@flcu%%e prﬁi‘fcé?ré%ﬂnflﬁnd a
exchanged ¥.-Rixion @nﬁelsmr(bfhﬁdifprdpylﬂer&cndgat"lﬁhltClNofracﬂoﬁ&%iﬂﬂﬁiwnl\/ﬁérﬁleﬁlliufnﬁ is a
nat ur al | urrin al so valla ein nthtlcf such
e TEA ror SEEE B PTGl dlbron iohatie s Biuls® pitbie il e e RR o

m xture congzgracbnmge aaltedvf meghmoalmnbubnedieﬂeﬁtb|g|ag)ha@e3nin¢mds?{EA-omaﬁ¢jeri[lhbe is
di scl d 94 h t ent
a1t hen By shReRP bR e PR R sl 13 i e Sl i enera e

of all the ecl £ ‘ons
r ef er ence. without nccd of further purlﬁcanon The cumenc product Wl[l usually have a purity that exceeds

99.50 percent by weight bascd on the total weight of the product.



[0047] I n sone enbodi nents, the acid-active catalyst nmay conprise a m xture
of at | east one nedi um pore nol ecul ar sieve having a Constraint |ndex of
2-12 and at | _J] arge pore nol ecul ar sieve having a Constraint Index
of less than §33F8@§§Twhe mol ecul ar sieve present in th&CCACAOFEPN% 1
usual |y have an al pha value in the range of from about 100 to about 1000.
The al pha value is a neasure of nolecular sieve acidic functionality and is
descri bed together with details of its nmeasurenment in U S. Pat. No.
4,016,218 and in J. Catalysis, Vol. VI,-pb: 278-287 (1966) and reference is
made to these for such details. H gher al pha values correspond with a nore
active craclp#yg cadlthopsh recogadaioivepyibenvs ey bt irowalkdtted yeh bamryneclorfpmi se a

medi um por e Lk LEeve, DG, - al. gt X 0f 2-12. defined
" US. Pat SaEr R *b%f&%%?%%ég?l‘éi?%ST%a{?ﬁSf? G ol B Bk L
ZSM 23, ZSMUBBNe RegueShe 48nsalkglvtion ca tearlgm thorfermativre oflbubstagtiabwaotydy bfig- a
Constrai nt . , .l ess i € por | @ar  Si

el ude zeol TERBars, TR DaT farm TR ey OZoRe: ColBhRi iy ERcy
(USY), Deal Ritdust wely thy peaperkationyprodys eefershultein tirSirgitiof SfFumeng Siide@ haging less
ZSM 20. or : ' [ er i =1 L ndex;. |

conveni ent %ﬂg%ﬁfgﬂ%gﬁﬁﬁgaéiggh a%ﬁh&ﬁgggkgﬁﬁgﬁﬁﬁgﬁggbgg3g¥gﬁg%hﬁﬂﬁg%ﬁ]ar
si eve provi@e$nEEntI08] vwe atewspytbenzasl witly|cemenst producy corgeising 9 wpni psn-

internal stiugisdhRnc BRY foBXAMRE pdhioR98id | £alhE%n W& 4PERUid8 R g}haJaLy
restricted access to and egress fromits internal structure have a hig
val ue for thsingamutiyf 42-9% paeset. therramaprLripdissvill keafespecifgation if it contains more

2008/ 100655R6T0\WerOR3k B4R kyatba prodaft. t hi s kind usual 'y have pores of
smal |l size, e.g. less than 5 Angstrons. On the other hand, alum nosilicates

which provide relatively free access to the internal alumnosilicate
structure HaQRlafion Salalysll ye for the constraint index, and usual |y pores of

| arge size.(o0d3¢ Meh ROGeO¥cMBhEIkRNShE Bdtlyst lUOdEN FBY1R8e DEERRNWNEEe bSid-
described fully in U'S. Patent No. 4,016,218, which'is rncorporated herein
by refer end@stive catalyst comprising a crystalline MCM-22 family material. These molecular sieves are
described in detail in “Atlas of Zeolite Framework Types”, eds. Ch. Baerlocher, W. H. Meier,
and D. H. Olson, Elsevier, Fifth Revised Edition, 2001, which is hereby incorporated by
reference. Examples of MCM-22 family molecular sieves include MCM-22, MCM-36, MCM-
49, MCM-56, 1TQ-1, SSZ-25, and PSH-3. Preferably, the molecular sieve is MCM-22, and,
most preferably, the molecular sieve is aluminosilicate MCM-22.
[0044] The acid-active catalyst used in this disclosure will usually have an alpha value in the
range of from about I to about 1000, preferably from about 10 to about 1000, more preferably
from about 100 to about 1000.
[0045] In some aspects, the acid-active catalyst used in this disclosure may comprise a
medium pore molecular sieve having a Constraint Index of 2-12 (as defined in U.S. Patent No.
4,016,218), including ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, and ZSM-48.
ZSM-5 is described in detail in U.S. Patent Nos. 3,702,886 and Re. 29,948. ZSM-11 is described
in detail in U.S. Patent No. 3,709,979. ZSM-12 is described in U.S. Patent No. 3,832,449. ZSM-
22 is described in U.S. Patent No. 4,556,477. ZSM-23 is described in U.S. Patent No. 4,076,842.
ZSM-35 is described in U.S. Patent No. 4,016,245. ZSM-48 is more particularly described in
U.S. Patent No. 4,234,231, The entire contents of all the above patent specifications are

incorporated herein by reference.



[00511Usual Iy the crystalline nolecular sieve will be conbined with binder
mat eri al resistant to the tenperature and other conditions enployed in the

process. n@bg(mﬂ&m§U|table bi nder material include c% ¥§F?%é%qbﬁorla

silica, silica-alumna, silica-magnesia, silica-zircon

silica-beryllia, and silica-titania, as well as ternary conpositions, such
as silicaalum na-thoria, silica-alum na-zirconia, silica-alum na-nagnesia
and silica-magnesi a-zirconia. The nol ecul ar sieve may al so be conposited
with zeolitic material such as the zeolitit materials which are disclosed
in U S Patent 5,993,642, which is hereby incorporated by reference.
[00521The r @04l venppiapethen aprstsolhc reif-eetive antalystaves iamds pistieare mast enipabe wi | |

vary wi del yiaMk bbre o0t §§v‘élh§\5mg§é @M&tr&gﬂhgf&tof Tc@ﬁntgdrpg shiim 191%%}%’1‘2%0‘%%8&{ 1

to about 99 percent by weight, nore preferab ¥ he ran bout 10 to
about 70 pe?%@h?db?3ﬁ@h@h@ﬂd$mﬁ%VeEﬁ®§ﬂﬂ%¥éV§ )éhéu@FWRﬁYﬁﬁké\br@@émably

from about MBOZ@MWQSMOI@QWID fﬂl@rfﬁ&t&r&@tah@@&g{%5§%&m '14@&&?%% I

usual l'y be carried dehydr ocycl o-ol i goneri zati on of

al i phati cs,nda¥: aﬂdﬁﬁlﬁ 130 r%ééaé?ﬁ {§OlE8¢ ZAMpit ihdescidedimbl- S Pafe iRy 3872 983. Zeolltc

hydr ocar bong i Q0BA4RER YT @6 10504 erm@a R0, 28“3&@' V&S s&ﬂm{@rt}asﬂgc@ 05
al i phatic hydrocarbons to aromatic hydrocarbons. process 1s carried out

by cont act i‘Ayeeehr osvailiSihat decriyd F%Ié§r Bserd Nop 3a393d%ﬁ*ﬁﬁ P78 nDeedmeniaeid i n

the presence @flicpeat v pst bozlubgdeéal 1 thOmeAen ¥R P &Y G S0P bR NoZ 8l Oy sapdnder
condi ti ons effectlve to uce an aromatics product conprising benzene

and/ or tol UéfeY ‘TH%”H%HVHPS%yéFﬁdﬂhéﬂpbéﬁiBﬁE6W8b%%%mB%EY@§§@§Séﬁ@ﬁ@ﬁﬂbhaln
| engt h by ab kgt Naat sie20 PreFmRhi€Sis GYiaturA Bt dcoitrin@ Attt 8hy@ L OgeNAta8sHIEHL! 1 CS
to their resE ctive aronmatics. [0055] The feedstream used in the
dehydrocycﬁ%tgﬂwg Fep 1S9t fomk ﬁﬁ6€@§§e¢jqI“@ﬁﬁ?%?ﬁ“?ﬁ“ié@gﬁﬂbﬁémaﬁﬁﬁﬁ%ﬁic
Eygl’ ocar EO MiCRRY @hiphifigy 2 tett@et&ﬁﬁlﬁ&toﬁmﬁ@ﬁl}t@&ﬁ @é&l@}STEXhﬁ‘or@én'itQ ﬁl‘é&;lc@bslcd in U. ]§ "
rocar bo ain, straight chain, C. anpl es of suc

hgdrocarboﬁ?wgﬁﬁ@uggggﬁg%ﬂg/%%¥H9féW€enﬁ?éﬁ%ﬁés°%¢bﬁ§@@ﬁ€paﬁnbﬁﬁ%ﬁ%“mnb
n-butenes,‘ﬁémww@@uwﬁhda@bpkﬁﬂﬁwcbu}adlFne strai ght and 3ranched pFPtane,

entene, a di ene hydr ocycl o-o] i goneri zation conditions w vary
gepending Eﬂ)gﬁ ?5@?&?@ (Septsd BSIAERCTED SIS 100 AR S A S¥FHEP! @RPEPRS on!
A desired maddgen @(fle R 2RO itdORE SR PCTOALLRO BIBDBA9712- andi4it Heast one large pore

molecular sieve having a Constraint Index of less than 2.

[0048] The molecular sieve present in the catalyst will usually have an alpha value in the
rangc of from about 100 to about 1000. The alpha valuc is a measurc of molecular sicve acidic
functionality and is described together with details of its measurement in U.S. Pat. No. 4,016,218
and in J. Catalysis, Vol. VI, pp. 278-287 (1966) and reference is made to these for such details.
Higher alpha values correspond with a more active cracking catalyst.

[0049] The transalkylation catalyst may comprise a medium pore molecular sieve having a
Constraint Index of 2-12 (as defined in U.S. Patent No. 4,016,218), including ZSM-5, ZSM-11,
ZSM-12, ZSM-22, ZSM-23, ZSM-35, and ZSM-48. ZSM-5, a large pore molecular sieve having
a Constraint Index of less than 2. Suitable large pore molecular sieves include zeolite beta,
MCM-22 family material, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite,
ZSM-3, ZSM-4, ZSM-18, and ZSM-20. or any combination thereof.

[0050] The Constraint Index is a convenient measure of the extent to which an
aluminosilicate or molecular sicve provides controlled access to molecules of varying sizes to its
intcrnal structure. For cxample, aluminosilicates which provide a highly restricted access to and

egress from its internal structure have a high value for the constraint index, and aluminosilicates



conditions for the dehydro-cyclodinerization of the aliphatic hydrocarbons
to aromatics include a tenperature from about 350" to about 7500 C, a
pressure fro 3 kPa-a to about 10.13 MPa-a, a i ur space
vel ocity frogbgbdﬁbmégé to about 8. It is understood thgg?ﬁgéggﬁgnzverage
carbon nunber of the feed increases, a tenperature in the |ower end of
tenperature range is required for optinum performnce and conversely, as

t he average carbon nunber of the feed decreases, the higher the required
reaction tenperature. [00561The catalyst‘%sed in the

dehydrocycl o-oli goneri zation reaction will preferably conprise an

i nt er medi at & Hrkndsisrallngiive pareaot sme size, ot desyrign At Angsseres. Iz e wdice buldar
si eves havedl@mﬁ@tﬁﬁ'wﬁrk Zﬁlléh{\ﬁ&l@p%ﬂtwgl tf?eeaggé& tJ th% 1@@91&1 nﬁn%ﬁiléjté) LrRXRP! e,
AEL, AFl, MM MW R,

structure t%@a#ﬁﬂ wlug loF thejcaRpgaint Mk @WP@W rézreg Oéifaéécdezﬁfhe’déﬁhwnby whitlas of
Zeol i te Strogsdstdif IR¥RESay bEMSermied b ddVBIRE fu@ inf7 SPRIRNABG 168, which is
Baer| ocher, Elsevier, Fourth Edition, 1996, which is hereby | ncorporat ed by
reference. ESORRBHEEIGHN Byicfessce i ntermedi ate pore size nol ecul ar si eves

i ncl ude ZSMob51] ZSNlshall _/}Z%std@WH%cul&SMeeé wik P ShabideaMy 3R bu‘gi%Mn?’d%erldl

ZSM 48, ZSM 50, ZSM 5 22, MCM 49, MCM 56, and SAPO-5. Preferred

mol ecul ar  SFRYEY s legmorivrg andahegepnditiens empleyessin thepipesss: Fapmpley of ssiabie

al um nosi | i Gadce madtidl Gdlubit URYSE AMMindhd) N@a i HEELINRSHA, | iR EndFREBC WliiRk-2i8doBMES
havi ng a NEI . Struct ur.e 10057JUsual lé the mol ecul ar sieve will be combi ned

wi th bi nderSUifatriaplivaderdiion apd sihict-Hanipetrpusihpy amannh eprotonEpnse sy a5i ive-

enpl oyed i rhlllnhﬁa OB €S Bca-ablthihabt@nil] K, aliBiheiaghesANghd’ Qli@lhYRRL-GRAREI ONns
of nol ecul ve and bi nd material are the sane as those descri bed

above for t ]é RIS ?SPCW’ cPREOSHEDBIT A BhMArriHeHdettdhe 7ot UpERs t he

hydr ocar bonviganpesidiéseninfleadpused, 9931642h€/hi@h %Sﬁﬂ:’by dicsGbRBULE rdf§remade from
. the reformate w || usually be

ref ormat e ce Catalytlc ref or m
formed by géﬁigc drrlilfj clatisg propagtigps gt odecy étlc‘ cgng) bindgrappigrgh willyyaon wide et iy i ng
catal yst unhbaﬂholl'cﬁﬂa}rb%dﬂgorﬁ@ﬂfﬂngmg) ﬁ%mt&thchbtﬁﬁ 130 KIRAEYY Percddt BEWEght, morc

conpri si ng b& %ﬁ nd oth \égé rbons. The reformate is forned under
typi cal refPOF H'HY "LORATEF 8 ébod‘ ut ) P GhbbevaEkyd rerjenit ey ard still

napht henes,mdrsmrdsza&dnoaboaﬁ‘4opaawui Tpgcoly dr ocar bons and dehydrocycli zation
of non-aromati c hydrocarbons. [0059] Substantially any hydrocarbon feed
containing C6+ paraffins, e.g., naphtha, can be utilized as feedstock for
napht ha reT%?—‘H?—t%étfnThe napht ha will generally conprise C6-C9 aliphatic

hydr ocar bones3[The Aaémephﬁﬁdnﬁmhyldraﬂﬁ 8¢ bons dmyy be dsmydadcg&lb ofBfonkiasihedcehai n

acyclic hy C rbons and partic rl raffins s hept ane.

WO2008/ 100%%% W@Fé@gﬁ‘@% & @‘thayf’ BoP e 3%‘%8“‘3{?% able for use in
cat a: yti c) r[(m‘ﬂgr m Dghydngwdeh?ﬁmﬂﬂzammeﬁﬁﬂ‘fﬁs ngnGaingl GZS(CSal(ﬂﬁhtfdJlliﬁﬁdc@tﬂbaﬂm to
catal ysts) and .npn-acidi c reform catal ysts (nmonofunct.iona | yst s)
[0061] Aci dif®"FE¢ g’Fdﬁ‘?Cﬁ’&O]& at’ie%%?qﬁgﬁﬁfqdf“ Pé“%télg n(gt L{P}falnf: °§§J‘6port
havi ng di sposethatihdsetane anc(:‘hmmm%ancg,of ®tatdl{ht BIBﬁaElle forﬁ@hﬁd&bbﬁod@b@ahbﬁarﬂm de
supports i n(r:%ygondaho Wga .an ica. Prefer ?{Jé‘v d| C ref n

catal yst cORpF FEELIORs RIAYS Ocpl?) & LOPRLFT tic‘r?ﬁlpé‘i’lg% %W?W&Péf"ﬁ“ f
intimte adhe )«tchly@ocad@hampza&pn Sro@ss Lidramedsatarfdpr efidr dblgh plyabligomdizato6 a
nmetal pronpter

cobalt, .nickel, iridium
rhodi um r &t é)Fleisﬁ (flzatl n dnag?kwgfogg}%esf%%lf%tg?hml\?ﬁrgpéaﬁ? 8F8PEBt y, the acidic
reform ng W63 ysﬂ"ha:@eqsrreasremseam tat dﬂmydlacﬂlqa@(gbhﬁﬁn@haﬁ protRy wHN@ntatveficdsn or

platinum anlge Ehpﬂdtwnhy%rocarlbon con dlmngg BC%O about 5 carbon atoms. The aliphatic hydrocarbons

may be open chain, straight chain, or cyclic. Examples of such hydrocarbons include ethane,
ethylene, propane, propylene, n-butane, n-butenes, isobutane, isobutene, butadiene, straight and
branched pentane, pentene, and pentadicne. Dchydrocyclo-oligomerization conditions will vary

depending on such factors as feedstock composition and desired conversion. A desired range of



[ 0062] Non- aci di ¢ or nonofunctional reformng catalysts will conprise a
non-aci di ¢ nol ecul ar sieve, e.g., zeolite, and one or nore

hydr ogenat i onjydshxdsRgenati on conponents. Exanpl es of sg,ictrﬁ@ogs/{gmﬁcul ar
no

sieves include MAFl structure type, e.g., silicalite, an ecular si eves
having a | arge pore size, e.g., pore size fromabout 7 to 9 Angstrons.
Exanpl es of |arge pore nol ecul ar sieves include LTL, FAU, and *BEA
structure types. Exanpl es of specific nolecular sieves include zeolite L,
zeolite X, zeolite Beta, zeolite Y, and ETS- 10. [0063] The reforning
catalysts will contain one or nore hydrogenation/ dehydrogenati on netals,
e.g., G oupcendifgrssfrgthe delyrroseyclofisnsiiziton ahhe ahphggc Bydrocarkgps tpireraitiss Bicludgich
as nickel, 4§ whBadiukbMont N 35 toRBbilt 280 WMy phdsdue fdh AouPl AT 10MM (o THKIt 10.13
preferred Gaoup 8, 9, or 10 netal is_ platinum Also, the nonacidic catalyst

can cont ai nvAafednd] Vb At epacs yelReilsiiem gbout BGa phk 8 atolsmpdesfiood that, as the
hydr ogenat i aot.gekysbhogapator an fé@ti@rcaﬂv*s?/ﬁt%ﬁ?er@tﬁrcthh@1(: M &6d Flténfelnah V%ﬁ%e_ will
usual ly be jronlﬁgput 0.1% t o about 5.0% of hydrogenation/ dehydrogenation
met al based SHUFHeCHBPIGHM Birlarmence gpd ppeerselyris theat e @b B R Bt '8k d
into t hﬁ Z&Qkﬁe?e@s,%ﬂi@@r ﬁlyF&lbi@&iirféacﬁfm tfeﬁt@er_lt@f%l [ t'?,h by i npr e_gnflt i Oni . or BbyV\a

i on exchan an_aqueous so|ution containin e approprijate salt.

of exanpl e?[%f)%] an nII-hBﬂC Bhahi lil‘b b dlslydrgsycle ec‘i‘é‘“’r?%ger‘eili)cr‘i‘f)il otilic é@feﬂﬂbl%si né

cationi ¢ pl@tripFsinarc DERheRas pstdGikcasolt@la IR NecrPledihic YR {itd hoRblldral&cs
[ 0065] The non-acidic st_w | | ude a binder. The binder can

be a nat ur al*vof p%resgﬁfﬁgﬁta’ta‘;%&th @ aﬁlf’ﬁﬁtsxgglf}‘li %/Iﬁii’péafﬂli TagRicdeEbr AL DY Hatidn of
i nor gani ¢ aWEOESIFS Typil,cair W, BU@anit, BXUJEESURROTANS stinGh 1§ inddeulds eidves.
[nclude <1 e, SLATLIS, AU Loty Lo ML hoac g SLise B et el
process carOlke, ashChnBaibchetyElkdvierOFousi@ Mditicdg 9%y, athicheis hthey PicOfRESICRN be
IENPEE NG TR T AW M T TTC PA
condi ti ons lineiSvde, t2syper aramess, afshaB4,| eswsit3 sarsm-3400531t49, ZSM-50, ZSM-57,
MCM-22, MCM-49, MCM-56, and SAPO-5. Preferred molecular sieves are SAPO-11, as well
as titanosilicate, gallosilicate, aluminosilicate, and gallium-containing aluminosilicate molecular
sieves having a MFI structure.
[0057] Usually the molecular sieve will be combined with binder material resistant to the
tempcrature and other conditions employed in the process. Suitable binder material and rclative
proportions of molecular sieve and binder material are the same as those described above for the
catalyst used for the propylation of benzene.
[0058] When the hydrocarbon composition feed used in the present disclosure is made from
reformate produced by catalytic reforming, the reformate will usually be formed by contacting a
Cet paraffinic feed, e.g., naphtha, with a rcforming catalyst under rcforming conditions to
produce a reaction product comprising benzene and other hydrocarbons. The reformate is
formed under typical reforming conditions designed to promote dehydrogenation of naphthenes,
isomerization of paraffinic hydrocarbons and dehydrocyclization of non-aromatic hydrocarbons.
[0059] Substantially any hydrocarbon feed containing Cet paraffins, e.g., naphtha, can be
utilized as feedstock for naphtha reforming. The naphtha will generally comprise Cs-Cy aliphatic

hydrocarbons.  The aliphatic hydrocarbons may be straight or branched chain acyclic

hydrocarbons, and particularly paraffins such as heptanc.



about 600C and pressures from about 344.7 kPa-a to about 3.447 MPa-a, a
nol e rati o of hydrogen to hydrocarbons from1:1 to 10:1 and a liquid hour

space velocit%og&mn veen 0.3 and 10. [0068] Wien t he hyqlﬁﬁﬁ$$§&8Pﬁate

conposition fee Used™in the present disclosure is made F

produced by steam cracking, the reformate will usually be fornmed by
contacting a Co+ paraffinic feed, e.g., naphtha, and steam under steam
cracking conditions to produce a reaction product conprising benzene and
ot her hydrocarbons. The reformate is forhed under typical steam cracking
condi tions designed to pronpote thermal conversion of paraffins to |ight

ol ef i ns and%8¢Ynat Fedysty puedt Subse antchialvtiy rdorpityy telbdartidn réfomeng oxelaitni ng

C2+ par af fi Wtunciind) cats ﬁttbh@ﬁ@nonpacfa%%rmlmf'r:ﬁﬂﬁ% n{aam;lé%@ndl dies gtl late,
atnnspherlcwgas oi |, vacuum gas oil, or any conbi nation be utilized

as feedst oclU¢ldr s%@@ﬁT@WQﬂméQ%fyﬁFwewHagﬁmﬁ&eﬂﬁm#ﬂ@ﬁﬂmehémmwﬁdewpgdQE»@B 9
non- ar omat i G AMar GGas BONSr 1T hR N ORndHRMA G Byial %%rtmau&%&ﬁa §Meq i@ht or

branched chain cyclic and acyclic hydrocarbons, and particularly cyclic
hydr ocar bon&eistbl. &% sslihirupazopehtheanscs f OTROjCTIREdh PeE Aren disposed

conposi ti Onthéﬁ’ellnlanQt'ﬂhﬁé Qdﬁlfx% %%’ﬂd %, 50,200 Wetal Ip @@Y&@nﬁla@%m el ghk.Qf at
| east one benzene coboile i + non- aronatlc hy rocarbons having a

boi I i ng poHﬁW“WW%HPﬁl%Dﬁﬁﬁﬁmaﬂ%r%§§%¥%nd@bébGU$51@Bhgnk#@deﬂbfm@ﬁémbémi|ng

poi nt of b%aenﬁm@qnec&fydme&a[gr@eﬁbryoEﬁeoa%taﬁd RSl bat3QARTERiL b aheNha
amounts of benzene coboilers about. 5 to about 60 percent by wei ght

of the at P%%%%tBﬁ@“%eﬁ%@ﬁ@“@%ﬂb&ﬁéwnbwdFP@H@&HWﬂ@afﬂmPﬁ about 50 percent

by wei ght ogboed2ie alonlRARt 0PNBoREMNEERA!I GOBRMME cataBlGOwiIN SRAPBhY dFRCARIHRON
conposi tions, the C6+ non-aronatic hydrocarbons present in the hydrocarbon

conposi t i orMAFIU ¥R @8-HETHifengnhOPHET Wiorh hKdragenafonlepdapsation spmaensat-

101. 3 kPa- &x@hpleher faiilé BYIRRANSevef maaabzmesm{c%?%&&%m 1R81itOfand GRELMNE:
coboi l ers that can be present in the hydrocarbon conposition feed to the

propyl at i orf'{fH ’tavinﬁéllﬁfa%P‘szé‘F%ﬁ&thSF?e“Z%fSP& Hrukae AP@PH‘W clramspemf e 2-

met hyl hexaner3morti fiex¥aneiude 314 muhxéhcpesmr&uaufé §hdvet ByuhpeRtangeand
dlnethylcycl ? gtane Feed Pretreat nent [0072] The hydr ocar bon conposition
H

feed used i ﬁ?@éeggd%FmPﬁé‘6?@?@3?“&F%@@6§Hﬂ§eﬁaﬁmégﬁtQtn inpurities
such as, fqoosxanmhe, reohhs Retalysts &R Tontdi| dndr orCAB aiyakJ3ehabBRAYMDSonation

nitrogen- metals, e.g., Group 7 metals, such as rhenium, and Group 8, 9, or 10 metals, such as nickel,
ruthenium, rhodium, palladium, iridium or platinum. The preferred Group 8, 9, or 10 metal is
platinum. Also, the nonacidic catalyst can contain a metal promoter such as tin.

[0064] The amount of hydrogenation/dehydrogenation metal present on the non-acidic
catalyst will usually be from about 0.1% to about 5.0% of hydrogenation/dehydrogenation metal
based on the weight of the catalyst. The metal can be incorporated into the zeolite during
synthesis of the zeolite, by impregnation, or by ion exchange of an aqueous solution containing
the appropriate salt. By way of example, in an ion exchange process, platinum can be introduced
by using cationic platinum complexes such as tetraammine-platinum (II) nitrate.

[0065] The non-acidic catalyst will usually include a binder. The binder can be a natural or a
synthetically produced inorganic oxide or combination of inorganic oxides. Typical inorganic
oxide supports which can be used include clays, alumina, and silica, in which acidic sites are
preferably exchanged by cations that do not impart strong acidity.

[0066] The reforming process can be continuous, cyclic or semi-regenerative.  The process

can be in a fixed bed, moving bed, tubular, radial flow or fluid bed.



WD 2008/ 100655PCT/ US2008/ 050497 - 17 - contai ni ng conpounds, and

conbi nations thereof. Preferably, at |east a portion of one or nore of
these inmpurit] noved fromthe hydrocarbon conposit f eed pefore
propyl ation d?gggﬁégﬁi'to extend the cycle length of th@cbgggwyﬁ?wénd to
reduce the formation of cunene co-boilers in the product of the propylation
reactor. [0073] Techni ques for rempving these inpurities are known to
persons skilled in the art. N trogen-containing and sul fur-containing
impurities can be renoved by hydroproces¥ing. Hydroprocessing techniques
are well known in the art and are often required to enabl e steam cracker
napht ha to B86BI erfaeditiont ©r gdararneneondikians intladestepGatutconf siubdsurbogad®ie te

speci ficati gag: sdMALAPHASESS! R 8ot 2l 80Ut But seat g2 dhﬁg%%@({ Ben.
feed with hydrogen in th presence of a supported catal yst at rotreating

condi t i ons. hyfFgcr et yripsarbens fipgubill g/ 1¢ bagst 4 Q%ﬁhmﬂéwﬂﬁeﬂ93@<ﬁéﬁa®ﬁv@ﬁhmbne
or nore Goup 8, 9, or 10 netals as pronpbters on a refractory support. In a
preferred enbodi ment, steam cracker naphtha is hydrotreated to reduce

sul fur | eved8 o |Whep thyhiiraparhep sempsistipn Gsa upesvinihe rresentalésloptias madggiom  and
ol efin and dighfe hoU&ks b§/ QeJn@@ﬁcl&ﬁLaﬂleggandYé/\pﬂrﬂsuwwé @(Mngg 65 SdtR iRy Qéé’lces a
napht ha from steam crack |ng very simlar npurities to th
napht ha pr o3EEHC foedif halihbtha 2pdpEtmupde: stre wmcbfaegonrdeme tpbee@me Atrgagtion
renovi ng t hgodketdtppisRp bericBNest bh&rMPIRIEDSs. MBfotmBhge & foIFMEH QLWCP?%&%PC’

steam cracker naphtha) are disclosed in U S. Patent Nos. 781, 0

6, 500, 996, S&Wﬂcfﬁa%lr“é Pt seteed t%yror‘fefeefheﬁebconﬂ&elp@epép%re@mt wclkahi glgBng or
removi ng olAafikdsmaand di enes involves contacting the hydrocarbon conposition
feed containin oIeflns/dlenes with a crystalline nol ecul ar sieve catal yst
conprising[ 22. uP%@WﬂFﬁFﬁ?%@Eﬁ“@@h?ﬁﬂﬁﬂﬁﬁm&&HEEEF@ﬁﬁic%&tﬁﬁﬁﬁn@owme

inpurities tﬁ&ﬂesah(ﬁfﬂthbedlftﬁlmévzﬁﬁlo‘tﬂﬁemght, 3L Va08urk BR Jl Eu{dﬂg%ﬁy 6 RiDh Bgh @nd
rocar bon conp05|t|on f eed tﬁ an absor bent under

sul fur-cont a nlng gﬁg

absor pti on "¢ ?ﬁﬁ‘u Pi GReEtosk flercptrame cragkipe mols n&tahtb?eaelé gansiibt foumrist Cefee non-
ni t r ogencontahdiit Ng4Stdrbdhs - COMt @intirdiGhtic MMFocib&S - mEX B8R 8ot for VBRI &ain
absor bent s |gclude clay. mterials and al um na conpounds. Preferred

absor pti on % ﬁdl?ﬁod@y?ﬁclﬁﬂemﬁb@énpéWhtBWE“B@“Tr@ﬁﬁ%nﬁ?@ﬁ?“WHSSGW@ Hor e
pref er abl y nidiigmyalapin@atent.0 200C, or nost preferably fromanbient to 1OOC a
pressure sié¢;fiegﬁ?to nalntaln | i qui d _phase conditions; a weight hour
space vel od?4 Gyosirbop qompartoR WilHEOHAD frommsbeut dr for ahogh F?W@Hﬂabout

0.5 hr-1 t aveghout atliBashbnelbenp®s leopvilef, €6 altky nd-aomdsOnhyikocdbb l{JaVnghlrbollmg
depending u osition feed being treate

nt rocar bon conp
2008/ 10065@%&7‘“&@20@5‘? B5H AU %felbOI‘teﬂééégPé a 9tgber Bylats poim % béﬂliiew atJomy
agent (s) t hadrogwedon8mysetbnk Will Bbiaifl dFRIAS MhQINBUTVEh £ ABEE COMAPOMBIGS) ,

al cohol nd/ or al ky nzene m xt yres thereof. O her
Uit abl o aPRY 80 PRACu AR ALY R TR Ena arE: oot er Pocked by kg S0
di scl osure pgecﬂﬁ bakkight dfehdid @agyie BénzpabbdilcAr ARS Qfﬁ@hie%ydl’b@ﬁlfﬂn%oﬁ@éﬁ&ﬁiﬂﬁ!d

havi ng one nore avai.l e alkylating al hatlc roups. capabl e of
reacti on mﬂFﬁxtW8“§WWV %F&%W@ﬂQP Wﬁ??%gég groo %ﬂ%ﬁ%@“ ﬁgﬂFﬁéﬁﬂ@g
al kyl at i ng paigewittsn ﬁcﬂﬂ’mlalpﬁcﬁw@of(hb@ft i107.3 - abﬂ%ﬁ&’ﬂﬁﬂﬂ&g ot CRRnginbers, e.g.,

C2- 05 et hers,. i ncl | et h d|et | et he de des such as
fornaldehyg@7hace# “H%ﬁ %%8#8ﬁ§?§@g§ﬂEM3 ???QNE%HV%@H R gomposition
n-val er al déhyde; ﬂanﬁm§MMyh hﬂkndﬁ&ksugmxammmeth&bh@&h@rmemyMﬁmh¥hwﬁblpr|de,

t he propyl rides chl t he pentyl ori des,

pol yal kyl af“é@‘yﬁ%ﬁ%ztu ¢ ﬁ%@ﬁ%ﬂ"ﬁs) Olegé fhﬁﬁ’e%ff‘ﬂ? yl &%@%&XE&%‘? (e 49,

bi - et hyl bendizerg(cslomntabe.- |sopropylbenzenes) and tri-al kyl ated benzene(s)
(e.qg., tri-ethyl benzenes or tri-isopropyl benzenes), and so forth. Thus the
alkylatlngF%gent ma preferably be selected fromthe group consisting of
C2- 05 ol frﬂs——%ﬁfg%—alkanols bi - et hyl benzene(s), bi-isopropyl benzene(s),
tri- ethylbHMZEne(Em:QMdkmboﬁanmﬁapcmﬁy&bﬁﬁzmne@&ﬁm&fﬁﬂmﬂh&&Mammngmagﬁpt

i ncludes a concent r.at t ed ,al k ne fe g g IQF r ade efln and
LG Ture arREREAERL ety BN ESRRGr Al suePRe S e SaBictnd viapdh: §.
t he al kyl ati ng agent |ncludes propylene propyl - al cohol , pol ypropyl benzene,
or any m xture thereof.



1007611 n sone enbodi nents, the process of the present disclosure is carried
out in at least partial |iquid phase at conditions that include a

t enperature bout 250C, e.g., up to about 170C f about
10Cto aboutq%93@?h@ﬁ@the range of from about 110C to aggﬁm@@yﬁ%§82]
pressure sufficient to maintain the mxture of benzene and propylene in at

| east partial liquid phase, usually at |east 101.3 kPa-a, at |east 689.5
kPa-a, e.g., fromabout 689.5 kPa-a to about 6.89 MPa-a, a nole ratio of
propyl ene to benzene in the range of frohi-about 0.001:1 to about 1:1,
preferably fromabout 0.01 to 0.5; and a feed weight hourly space veI00|ty
in the rang@nwfmrfsrcaﬁwwéwmcq[nbcl@tla%mre%@refﬁmbly, ajpast epatinofonoe abeaf 1
to 50 hr-", paRrigphied el abhyveli M esm Emaoﬂ%drécﬂ'%n ]LQITBBSIT.IIOH Eére@fb%fotfeegro%?lg% ! bl?

i nclude a tenperature of from about 0C to about C, a press rom
about 1. 37 Wpang ¢ exteidohe cxle Bnglioa! dhe wtafst @drtatrﬁcbw@fheﬁp@wmenécqrmnb@ﬁzene
of from aboydicQidthe droliRt 8RAUbroRy ok s @ feed weight hourly space
velocity of fromabout 0.5 and about 2 hr4. More preferably, the nole ratio
of propyl en@0T3 bpelssivgues forjrampvipe thgprgennefitigsr Benkegysuto rrrems skitlesd whibetert.
0.04: 1. Mstinps@ieh@Rlng, afiPl@ruf-8ddudnifl iR &miéL QAR BeOrRNEE 'B? ﬁy%lrcﬁmgstsmg 03.
WO 2008/ 100655PCT/ US2008/ 050497 - 19 - [0077] I n sone enbodi nent s,

process of MHEREsEEt cdngerosurellikgowarny theartoud asyoftararaisd i ﬁr@btehwéeam

mxture of BeRZeRHAND RINEVLENSL, biloSkbaiaicisal kYol QUL ROES SpecpRbigRal |y
inliquid phase at conditions that include a tenperature of up to about

250C, e.g.  HEPDISes8 Y carrd @t by, tpating 4 lyisrospbon fez@)@ﬂﬁ Bydpsin thy presenpqofiane
range of frse]spoae@uatalgtslaaﬁdao@w cohdi@bns. ThPELN S K Lusbifyf &cﬁﬂ]rﬁ»‘l@éd 5f0a arjupteai n
the m xture of benzene and roLp%I ene in substantially | |(f:1U| d phase,

opti onal |y T IW‘EU?’H PHAER T 1% 9T &0 MeRiists 1BE0OtES |opaL tgfragory b“I’PIO?"tonﬁ“ébout
689.5 kPa- é})réf&re‘dtbﬂubbdlﬁxeﬁtgstMﬁ@-cr@ekeﬁnJﬁmh@ iy fd@reﬁ@d RIORYE QNG I&elb%léﬁﬁﬁan' n
the range of from about 0,001:1 to about 1:1 fpreferabl from about 0l to

0.5: and a °f ¥RULVRTEE (RSP yess samel vaPBciidyOlrtin piedipnenigielpio IF?SOW%B% 0.1

to about 25Gphr - Hydrﬂfx@&c%@b&ydlfcé@ﬂh@@ﬂﬁtfro'kn @ark Qrallkind withDIcB, Phafaban o from
about 5 to0.10 hr-1. Pref rred cgjgndltlons include a tenperature of from

about 1200“1“6“15‘%6? thes pree tapﬁ? & flamorarhihg rrigepine 1Teshnignss-far suhseyenity 2. 76
MPa-a, a méxﬁovﬁ@th@oleﬁmaﬁ@mﬁe@m@orﬁ eitReRIemete Of hidiapdBReditcdh Qddkdr faphi@hout

2 1. o GRBR By, P b1 B GG BoRRREENE IS e

range of fropictd@dtiednides fortOomalintiblc@ndadd divRStinRilekaoatiing tﬁ@'h?dif)@atrbcﬁ of
propyl ene to benzege i S about %52(? [0078] The al ky Lcatl ng agent, e.

propyl ene, PBPHERY &vd C?%T‘i“&%(’@g ‘fricéﬁlt?ércryﬁ@ém? fo ﬁ‘éarﬁf’°8&83§§3’st5?°f{1m§‘“g
present di MMszare refers to the nole ratio of alkyl atlng agent, e. g

propyl ene, ene at the reactor.inlet. Far exanp in case of

react or \Logélb &f%ﬁlbﬁon&%n%éfl | ST pagpining dmpmft%rcaﬁeﬂ%o b feﬁloﬁ?cbﬁyl ene
f eed bei ng cormjceing ed nhtﬂig@n em&mlbgﬁhd dulter-gontaeningaltyidec@bod EROkiEBE fde@ “bmrhz.ene
injected into chb be wi thi theseC|f|e ran | ene
to benzenenl?‘?BTbS r‘é{'td?r ¢ rP ‘O“O‘éon\ﬂt't‘)ﬂi f?%f“?(%f?g e ia'hg goglqno%ﬁhe l’?ﬂ’fﬂg and
a high nurrbcendlmEgmulianyoxﬁamaﬁg fmpiuﬂtlag’lgEde@ﬂd oreditibre &)bblﬁb\ﬂ:ﬁ& mauﬂberdy afgbrialshi gh
nunber, Jq . ﬁ gq) or Jdower Elt(]an t he hi fJr end .nunber,
A range use‘% '“1“[1‘118? C(fl?ﬁoém(g’l &E‘] YEGPSMRIY™ 5RIYE HE %?teﬂ?ﬁra& 5 PBRHCEE t wo
nunber s seltoe0EM ridro mefediygfr@t pmbisb L0070 o10dod pRE:tably fr@m@ﬁlbﬂ:nt tB JOCL“IZ‘ 3,
0.2:1, O. 02% 111 g3%1t7t0.3]tnl,1.0"3§:1, 0,.4:1, 0.4&59,_0.5:1,1 g
0.65: 1, 0. PePUreUiiicyt toghgatin liguigphise’ cgnalions. ¢ weigt Ou‘al-‘ﬁapaie 1°° aﬂ?ﬂ?%

typi cal rahgeo abet 000@1; ot preer@By ﬂrpmth&ﬂt 055 10 taldud 0 16 0Bost pleterblbfrdm
0.02:1to 2 The process of
the pr esen? ?}I I;T(K:)I@shﬁrde“pﬁrrwg%@@ %Ha? hé/%l%aﬁ%‘m Clpglaﬁbétfontf%%?t]be@ggrte%f’ s at |east

99. 50 wei ght percent of cunene based on the wei ght of the product.
Preferably, the process of the present disclosure produces an cunene
product that contains at |east 99.90 wei ght percent of cumene based on the
wei ght of the product, nore preferably the cunmene product has a purity of
at | east 99.95 wei ght percent, and nost preferably the cunmene product has a
purity of at |least W) 2008/ 100655PCT/ US20081050497 - 20-



99.985 weight percent. To further enhance the purity of the cunene
product, the product can be blended with higher purity cunmene product. For

exanpl e, raduct havi ng 99. 95 wei ght percent i C e

i ncreased toqggggsﬂﬁggght percent purity by bl ending ap%?@@%%gwgagznunts of
hi gher purity cunmene product (100 percent cunene product) with the 99.95
purity product. [00801Di stillation tenperatures for separations, e.g.
separation of polypropyl benzenes from cunene, are known to persons ski |l ed
in the art and will depend upon the conp8%1t|on of the feeds, e.g.,
conposition of the pol ypropyl benzene/ cunene feed. [0081] The process of the
present di slEpesure i ncl udes recovery of pol ypropyl benzenes as a separate

fraction angopge ofyiditle d[k?fégffge Qg‘éillt(@o h)(tpfhgyﬂet{@ G aﬁclékf%a%?lllﬂ P? JAlegndi ng

conponent to increase the octane val ue of” gasoline. [0082] The e uent from

the reacti o“r‘?“%’@ﬁé‘(sé’cﬁ%iﬂ?lscéw?%(sbééqi/?feﬁﬂkYéfl?ﬁﬁﬁe@) arft eeeredherpd rQideresuitahhy

unreacted pj NEAtP AP WSS Lfg@fmvﬁlr&b desy ﬁ”xiﬂ C &
nol . % pref e@%ﬁng, %g bout 9§§99 999 nol % and ﬁe&lgﬁ)ﬁgﬁeggc%ﬁyo%gﬁtﬁé gﬁ}g t he

ot her i npurdlippadig or Prﬁméfr*f‘e‘”éw}?@md hazging P@ea@rtmcae polehippkdptingnévketic gient i s

fed to anotdipivid SR&LIRR EANGe %fd@bﬁdgbrhétfer@)hlpguﬂpfkﬁme SF %@lgﬁg afkQhating
reaction with the unreacted benzene with an al kyl ati on cat al yst

Fur t her mor €85t COeRase CaolsBitGotantls (efp etbere: cfgr-drmupheniing wbing dmethyisther

zone(s) mayunhe dﬁ&l@rl@ﬁcﬁ" ecilichy@s 1ddirgct k&mﬁl@c}@dé I asalkybat | ﬁ%L&ﬁlJehydc
100831l n add| tlg@ @q and upstream of, the reaction zones, %égassa
#49

reactive or®Uf \%d @ﬂé‘f“‘@ldﬁ@ﬂienﬁv e halidey sysd qbd%eéttyéﬂhlpﬁdf‘ae eleyide,
separate frimptdpel ahibydeat in0buby@adidides, IHE hheglé@l{tﬂ Qﬂ&ld@ﬁypo@aﬁ@la&% }9Rded

wi th an al kyl ati on_or transal kﬁvl ation cat al whi ch may be 't he sane or
di fferent fPERYYHECa-diyhylatss danzepest(pe - Peg lbe@ﬁe%h@(él)lsovgwwewaqsbarsbd is

mai nt ai ned tiﬁh&@]d&ﬂ@@ﬁmﬂéﬂ)'(@@t trp&ﬂﬂbérﬂz&ﬁs or @Lls(ﬂ@)tro lﬂeﬁz@l@és? adll Ky Foéh! Pils e
transal kyl a n condi ti ons. | east a fzé)oortl on benzene, and optionally

at least a IP%ﬁgCBf “‘Fﬁ@reﬁ?%%ﬁﬁe“% “ﬂ)é@s%@f‘pt MO8 e dRetive or

reactive guadgbledbpsthydbenk@c@N I Vi- Lbcgﬁ@ytbb@zcﬁ@@d | ARt RRscndES @ndbar ¢ibeds
not only serv aff§t h sired alkylation reaction, but is also used

e d
to renove é‘?‘??rolpég?f‘tz?‘if ‘?Jrailkty aliug jagent @CIH%r%éﬁP‘%‘ﬁat%ﬁﬁ‘B% fsedHodke Ko,

such as ni poRgRNEQPEUREI avmh@fau&meéhsmh@rgm cﬁﬁlyﬂebrﬁaﬂng siegdsePRiraday, of
t he al kyl at gqgor transal kyl ation cataly The cataly In the reactive or
unr eact i ve "GuskgagqagRY 0f g?be?IBP%er?uBfoéélfa TOSOWPQPTOPQE?J@WF PbgBh &Rsteon

and/ or repliagment than the remai nder of the al kylation or transal kyl ati on
catal yst, ?‘ﬂﬂ {1en ?rd bed is typl cal I Igrow ded. with a by-pass
circuit solt'Hi SOQT%W&Q it Bedes™ by emssselaiaiore 4 Pt oph 4 e
2008/ 10065@8@1&@?{0@&3@5%931tmns2t&at in&edel £&n@@ﬁﬁ%&fe@ tlb%@ﬁtl BO°EUNESup 13 t he
react or Whﬁg Ezbe; guarg beag 0 v The r | e or unreactive
quar d bed MRy A SnERaled i dgRs b Pers o wec Yt fogihout
[ 0084[ The ne@ct h@ﬁs@fﬁ‘kﬁff&)enﬂ&ﬁdmhtﬂ]nttﬁ\ﬁmﬁmé:Sﬁ&nﬁﬁnefah@pﬂaﬁﬁ&ﬁﬂﬁ al RMEP&tAN 1S
typically ?181%5 %Laes(cj, usually at least 101.3 kPa-a, at least 689.5 kPa-a, e¢.g., from about 689.5 kPa-a to
about 6.89 MPa-a, a molc ratio of propylene to benzene in the range of from about 0.001:1 to
about 1:1, preferably from about 0.01 to 0.5; and a feed weight hourly space velocity in the range
of from about 0.1 to about 250 hr'', preferably from about 1 to 50 hr”', more preferably from
about 5 to 10 hr'. Preferred conditions include a temperature of from about 120°C to about
150°C, a pressure of from about 1.37 MPa-a to about 2.76 MPa-a, a mole ratio of propylene to
benzene of from about 0.01:1 to about 0.5:1, and a feed weight hourly space velocity of from
about 0.5 and about 2 hr', More preferably, the mole ratio of propylene to benzene is in the
rangc of from about 0.02:1 to about 0.04:1. Most preferably, mole ratio of propylene to benzene
1s about 0.03.



so as to achieve essentially conplete conversion of the propyl ene. However,
for sonme applications, it nay be desirable to operate at bel ow 100%

propyl ene co Lsi.Qf.-The enpl oynment of a separate finighj r 1 or
domnstreanlopwﬁﬁgkﬁgg%tion zone(s) may be desirable und%?kgg%?§@§b9
conditions. The finishing reactor would al so contain al kyl ation or
transal kyl ation catal yst, which could be the sane or different fromthe
catal yst used in other reaction zones in the alkylation or transal kyl ati on
reactor(s) and may be maintai ned under at?1east partially |liquid phase or
alternately quor phase al kyl ation or transal kyl ati on conditions. The

pol yal kyl at @477dr onfit SoRccoMpsimmas. ithe pRecseidl] hemrecnagisgruse sasaaiasdottoby
transal kyl afhhigRinMgt he @itk alr a0 Rn@LRMEL ) Ferc AFREMBAGIN 1iglRe @L%%P%Jﬁgy in .
aromatic compound i s nade by transal kylation between pég%g?ky ated aromatic
conpounds a4 Hesalekyerditiant tabinghes # écresrpouintive [OUBS) FHECat ky hatd divubr
transal kyl atien [ arhPitod) 1086 @fatol 1708, RR ARESS e OF b N &bl §$®L o LR EMJ-en may
be highly selective to the desired nonoal k-yl ated product, such as cunene,
but typi cal JFeprEdULEsnate ragi Somixtps|of deiarparudrepdeicas supsinly liquid
enbodi ment , phade, bRRBAIANARLLI MAsOTsukie aeitdst @Y kb LML heorh LRAL 6@ Kbl kPN
reaction zone i s subjected to a separation step to recover polyal kyl ated
aromat i ¢ coiiPPR¥fa-a1 hmakiottires! Repylar i henzenstin Ifsageeceo gt ot BP0k he

pol yal kyl atsgutar 0 pRtdr bR AbbA0.0 5 0P Rhd £fcd Qci@hiHotily HakdcBicitph heAGLOT

whi ch may b sgg rate fromthe alkylation reactor. The transalkyl ation
react or prdtfEE2LHt &1 119 AT 29hiic hPEEIRVS fram abeHttli P81 ' oRers kS Prakle diom

product by abeact ion@ ke metyal donbiabRdinSIR@C @snpdiatiie aNfréhkybat @bterALRmt i ¢
conpound. At | east a gg@%lon of these effluents may be separated to recover

the al kyl at'efl GaPdWEEe Ot uomp abeY [ ChdMaud Ieyabatted oY Biratd ROk sHSRU wEPralsas &y
pol yal kyl atieskcas oNBéh Gb&@ MRAUNE)abodt AOBE] M @rieedt Dagtal kBt ja8nv vt @Mirom
includes a reactjve guard bed, it is maintained under at |least partial in
liquid phad OL&cS?r#d?rtdi %H%t? hhe Neramectadly vift mofsriatie papiopylgsdp dereeng 1sgn the
t enper at ur @at of fr@iwEN0002:1 20atbot B85 QR HRFEEARINble Atid 8MMREHAnY kEbd@bent f0M
about 150 pﬁ Zg%g, a pressure of 689 to 4601 kPa-a), preferably, a pressure
of 1500 to %7 RPa-a, a WHSV based on total propyl ene and the total anount
of catal ystjod7ar t ae sixght@lplagéRacd Qro@iend. td bén@enkQathk specified &fr @5ARIiBE pr&beds 10 2
hr-1, nmore preferably, 0.5 to 1 hr-I,‘orgﬁ VHSV based on both total
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ase condi ns. Particu nditions for carrying out_the at |east
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t enperat ure. rom about ' out : ressure o to
P o o Wiis0sad BUMER 4 haeuisreh i Phelo oty gy ar R TE RO s and  5)
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zone of frdmpebotitis@odird modbedn @bt prodyar ehedoatalng at feisd a9 o atizhtIpetdantatiout
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t hi s di scl gdemsed4.# atigltt fteazent, and most preferably the cumene product has a purity of at least



1. A hydrocarbon conposition that is substantially free of C4- hydrocarbons
and C + aromati c hydrocarbons, said hydrocarbon conposition conprising: (i)

benzene; (ii)W%Q%gggggﬁgnlcto about 75 percent by meighéﬁﬁﬁﬁgﬁygﬁg h?ic

wei ght of the hy onposition, of at |east one

hydr ocar bon having a boiling point within 10C at a pressure of about 101.3
kPa-a of the boiling point of benzene; (iii) less than 5 wppm of sul fur;
(iv) less than 1 wppm of nitrogen; and (v) |less than 2500 wppm of ol efins
and di enes. 2. The hydrocarbon conpositiofftecited in any precedi ng

Par agraph, wherein said at_| east one C6+ non-aromatic hydrocarbon is
present in $hit Wy sessbohe Bsthprsahencyfeippriyef fesumencineshicta B wrodsetican About

60 percent Bynde@ivafthi ‘%gritgrbuﬁl@ﬁ'e gﬁﬁ&#’t o ey?‘ﬂp%, hy dLpear &95\10@ AN b bon.
WO 20081100655PCT1US20081050497 - 23 - 3. The hydrocarbon conposition
recited i n YA HCEEHAUHY ParbsdRUpRed RO reiguipereensiphiini gy grindingabproniiate at
| east C6+ noRoudlsOTRidher FVGY BGAME QRRuES 198 bRt Sfm@L pRdREFIRHTIR @9561991‘?};
101. 3 kPa-a of the boiling point of benzene.
product.
[0080] Distillation temperatures for separations, ¢.g., separation of polypropylbenzenes from
cumene, are known to persons skilled in the art and will depend upon the composition of the
feeds, e.g., composition of the polypropylbenzene/cumenc feed.
[0081] The process of the present disclosure includes recovery of polypropylbenzenes as a
separate fraction and use of the recovered polypropylbenzenes as a gasoline blending component
to increase the octane value of gasoline.
[0082] The effluent from the reaction zone comprises the desired cumene, unreacted
benzene, any unreacted propylene (propylene conversion is expected to be at least 90 mol.%,
preferably, about 98-99.9999 mol.%) and the alkane componcent and the other impuritics. In one
embodiment, at least a portion of the effluent is fed to another reaction zone where additional
propylene is added for reaction with the unreacted benzene with an alkylation catalyst.
Furthermore, at least a portion the effluent from any of the reaction zone(s) may be fed directly
or indirectly to a transalkylation unit.
[0083] In addition to, and upstrcam of, the reaction zones, a by-passablc rcactive or
unreactive guard bed may normally be located in a reactor separate from the alkylation reactor.
Such guard bed may also be loaded with an alkylation or transalkylation catalyst, which may be
the same or different from the catalyst used in the reaction zone(s). Such guard bed is maintained
from under ambient conditions, or at suitable alkylation or transalkylation conditions. At least a
portion of benzene, and optionally at Ieast a portion of the propylene, are passed through the
unreactive or reactive guard bed prior to entry into the reaction zone. These guard beds not only
serve to affect the desired alkylation reaction, but is also used to remove any reactive impurities
in the hydrocarbon composition feeds, such as nitrogen compounds, which could otherwise
poison the remainder of the alkylation or transalkylation catalyst. The catalyst in the reactive or
unreactive guard bed may therefore subject to more frequent regeneration and/or replacement
than the remainder of the alkylation or transalkylation catalyst, and hence the guard bed is

typically provided with a by-pass circuit so that the alkylation feed(s) may be fed directly to the



4. The hydrocarbon conposition recited in any precedi ng Paragraph, wherein
said at | east one C6+ non-aromatic hydrocarbon is selected fromthe group

consi sting of ne, nethyl cycl opentane, 2-nethyl ,
3'”Ethy|hexang§$§k§@§%ﬁ9thy|pentane, 2, 4- dinethylpentaE§§RQQWW%“W7

di met hyl cycl opentane, and m xtures thereof. 5.The hydrocarbon conposition
recited in any precedi ng Paragraph, wherein said hydrocarbon conposition is
produced from a product forned by steam cracki ng of naphtha. 6. The
hydr ocar bon conposition recited in Paragthaph 5, wherein said product forned
by steam cracking of naphtha cpnprises:ﬁé%% C5- hydroparbons; (11) penzene;
(iii) C7+ ardfatoneeckddeastion moasin th ipycidr disaytrdbed & aabelltervis. Pl isentive by
wei ght of  ag; JhRaSIve QRRd FRIMAOR RLARBT &- NS AFAPOHNAYLD Ip@aRRl | 1 NG poi nt
wi thin 10C at a pressure of "about 101.3 kPa-a of the boiling point of
benzene; (vi%teatBre reastion Bugispipedin huppesss of(ths progreiavation ivdrpicellwoperated
ni trogen; apda{ \éiahig¥ealsBhtialiPad PR WarRmRh & afi Bl%pﬁ% di/Nes. - Thee
hydr ocar bon conposition recited in Paragraph 6, wherein said hydrocarbon
applications, it may be desirable to operate at below 100% propylene conversion. The
employment of a separate finishing reactor downstream of the reaction zone(s) may be desirable
under certain conditions. The finishing reactor would also contain alkylation or transalkylation
catalyst, which could be the same or different from the catalyst used in other reaction zoncs in the
alkylation or transalkylation reactor(s) and may be maintained under at least partially liquid
phase or alternately vapor phase alkylation or transalkylation conditions. The polyalkylated
aromatic compounds in the effluents may be separated for transalkylation with alkylatable
aromatic compound(s). The alkylated aromatic compound is made by transalkylation between
polyalkylated aromatic compounds and the alkylatable aromatic compound.
[0085] The alkylation or transalkylation rcactor(s) used in the process of the present
invention may be highly selective to the desired monoalkylated product, such as cumene, but
typically produces at least some polyalkylated species. In one embodiment, at least a portion of
the effluent from the final alkylation reaction zone is subjected to a separation step to recover
polyalkylated aromatic compound(s). In another embodiment, at least a portion of the
polyalkylated aromatic compound is supplicd to a transalkylation rcactor which may be separatc
from the alkylation reactor. The transalkylation reactor produces an effluent which contains
additional monoalkylated product by reacting the polyalkylated species with an alkylatable
aromatic compound. At least a portion of these effluents may be separated to recover the
alkylated aromatic compound (monoalkylated aromatic compound and/or polyalkylated aromatic
compound).
[0086] Where the alkylation system includes a reactive guard bed, it is maintained under at
least partial in liquid phase conditions. The guard bed will preferably operate at a temperature of
from about 120 to 285°C, preferably, a temperature of from about 150 to 260°C, a pressure of 689
to 4601 kPa-a), preferably, a pressure of 1500 to 4137 kPa-a, a WHSV based on total propylene
and the total amount of catalyst for the overall reactor of 0.1 to 10 hr™', preferably, 0.2 to 2 hr',
more preferably, 0.5 to 1 hr'', or a WHSV based on both total propylenc and total benzene, and
the total amount of catalyst for the overall reactor of 10 to 100 hr, preferably, 20 to 50 hr', and



conposi tion conprises a C6 hydrocarbon fraction recovered from said product
formed by steam cracking naphtha, said C6 hydrocarbon fraction being

recovered by &,Bg?ogh&@% of : (a) renoving C4- hydrocar bon%cfrfgg%pozfu%iog7pr0dum;
ep

(b) renoving sulfur and nitrogen fromthe product of st O produce a
resul ting product containing |ess than 5 wppm of sulfur and |less than 1
wppm of nitrogen; (c) fractionating in a distillation zone the resulting
product of step (b) to forma C5- fraction and a C6+ fraction: (d)

wi thdrawi ng said C6+ fraction fromsaid - #istillation zone; (e) treating
said C6+ fraction to renove olefins and dienes fromsaid C6+ fraction to
form a resut BPIAGERA bEpZgRe P prPPEisw faomibeyt | egBout heth przBobiinm drugioes phest and
di enes; WQRR0081100655PCT1US20081050497 - 24 - (f) fractionating in a

distillation zone the resulting C6+ fraction of step (e) to forma C6
fraction and%®/!c7+erigealtpionrmacio) ma theiplod wylesal lgascpartiplhcini lsnid hathe
hydr ocar boncoa@apRsiHaitR0laf @ehdigshsi for a&yrymge&ﬁdihegatp@a@g%@my W&k N Ra d
hydr ocar bon conposition is recovered froma reformate by a'recovery process
free of extfaEMigost¥prolginlyndogwaatic spmppusdati hy: anlyeapePddprweltvHavi ng
a purity Ofbedent 8@FIncR8e SRnPEEGRNT RASHEUL 100° to about 300°C, a pressure of 696 to 4137

kPa-a, a WHSV based on the weight of the polyalkylated aromatic compound(s) feed to the

alkylation rcaction zone of from about 0.5 to about 100 hr™' and a molar ratio of benzenc to

polyalkylated aromatic compound(s) of from 1:1 to 30:1, preferably, 1:1 to 10:1, more preferably,

1:1to 5:1.

[0088] In another embodiment, the transalkylation reaction may take place under vapor phase

conditions. Particular conditions for carrying out the vapor phase transalkylation of polyalkylated

aromatic compound(s), polyisopropylbenzene(s), with benzene may include a temperature of from

about 350 to about 450°C, a pressurc of 696 to 1601 kPa-a, a WHSV bascd on the weight of the

polyalkylated aromatic compound(s) feed to the reaction zone of from about 0.5 to about 20 hr,

preferably, from about 1 to about 10 hr”', and a molar ratio of benzene to polyalkylated aromatic

compound(s) of from 1:1 to 5: 1, preferably, 2:1 to 3:1.

[0089] In some embodiments, this disclosure relates to:

I. A hydrocarbon composition that is substantially frce of Cs- hydrocarbons and C,+ aromatic

hydrocarbons, said hydrocarbon composition comprising:

(i) benzene;

(i) from about I to about 75 percent by weight based on the weight of the hydrocarbon
composition, of at least one Cst+ non-aromatic hydrocarbon having a boiling point
within 10°C at a pressure of about 101.3 kPa-a of the boiling point of benzene;

(1ii) less than 5 wppm of sulfur;

(iv) less than 1 wppm of nitrogen; and

(v) less than 2500 wppm of olefins and dienes.

2. The hydrocarbon composition recited in any preceding Paragraph, wherein said at least one
Cst non-aromatic hydrocarbon is present in said hydrocarbon composition in an amount from

about 5 to about 60 pereent by weight basced on the weight of said hydrocarbon composition.



on the wei ght of cunene present in the product using a hydrocarbon
conposition feed that has not undergone extraction, is substantially free
of C4- hydroc d C7+ aromati c hydrocarbons, and ins benzene and
from about | ?59§%§%?%75 percent by weight of at |east %ﬁ@%%@$mﬁgﬁzaronatic
hydr ocar bon having a boiling point within 10C at a pressure of about 101.3
kPa-a of the boiling point of benzene, said process conprising: (a)

al kyl ati ng the benzene with propylene in an al kyl ation reaction zone, said
reaction zone is maintained under at |ea&t- partial liquid phase conditions,
w th an acid-active catalyst conprising at |east one of a crystalline

MCM 22 famidy rile drdragarhen dcogpesiin reaitad e anyrpreseding Paragranie vdiercoosdd boibns
that includgd ot eiPelialHEs: ﬁaa_.mﬁanfcalga%cmont ﬁs%@b@&é atldligé;sﬁ@ oRBOME 1470C. a
pressure sufficient to maintain the benzene in the Iiquid phase, a nole
ratio of prigpyl@He bodinpepiperidetzang he range of from about 0.01:1 to about
0.75:1, andja fge LB ki j ' [ f bout
0.1 to about 10 #&F@?%EJ‘%“%%@%%‘%%?@?%;@%*%E&E*’iﬁ%ﬁ%‘fé‘%“a@% VR Pl TR
an cunmene prddaet-anedindydopubin ys ofleged | feast thgograw epteing dasedohsianche
wei ght of CUERAGRHERGR! 1 PnkdlythecENE 3 RE@MRkane, 102 31GRYIPGESS resut ed
in Paragraph 9, wherein sai d hydrocarbon corposition feed i's produced from
a ref or mat edimethylpertane, dypeiberslaperiincerndinixtpegs Bgicabh 10, wherei n sai d
reformte cOMTLS 8§ drochboCRomBYMRC RERONSin hy ) prREMEENBaradrghl )wifeldn akgmat i C
hydr ocar bons; and (iv) from about 1 to about 7§)percent by wei ght of at

| east one CBfoRBPREOERALIIW IhpQfeehfBBE PRfvFamed by sean gragerse! naphthd n 10C at
a pressure of aROWdrd@bos JRBosidRf retiR@ iRakdghGh PO vHereaf sa@@??o%ﬂ@ Bfsbasgy d
hydr ocar bon conposition feed is prepared fromsaid reformate by renovi'ng by
di stillati offemackiag obrhBe e Wi and said C7+ aromatic hydrocarbons from
sai d reformat eq) 13- Fhagcbeness as recited in any one of Paragraphs 9-11
further conprising recovering pol ypropyl benzenes fromthe product of step
(a). WD 2008/ 400&sSE: T/ US2008/ 050497 - 25 - 13. The process as recited in
Paragraph 12, whercet Broahtid Basdca®oR@rtion of the recovered

pol ypropyl benzenes is blended into gasoline. 14. The process recited in any
one of Paragraé s figmy aboufl efoephqut B PATCRRF Bt 618 B8hdt {528 el pyearomatic

tenmperature of frapaafiensh AL bailiabRt WilRCiooa aps BBsUFceabouk QM RDOUES
1.479 MPa-a to abogut ﬁ%859 MPa-a, a nole ratio of propylene to benzene of

from about 0.01: 1hePouBsaPineidenzeneing a feed wei ght hourly space vel ocity
of from about @)5 gaad: @Rosivpgm Bf sulfur; 15. The process recited in any one of
Par agr aphs 9-14, wherein said nPLe rati 9 of propylene to benzene is from
about 0.02:1 t§VaBar" Gaml oo glnifpgeniandcess recited in Paragraph 15,

wherein said nelig gfeafet @ar0fSORFPRYIIONENS shdiengene is about 0.03. 17. The
process as_recjted in any one of. Paragraphs 9-16 erein sajd crystalline
MCM 22 fami’ly it 3?/%?“ G sEpRstien FEoEh theP ‘"’éargbad’ﬂ} %gn“él}eéet“? g oy e,
MCM 36, MChbréfhsitidndodviidedH Cs hydrocarbon fraction recovered from said product formed by steam

cracking naphtha, said Cs hydrocarbon fraction being recovered by the steps of:

(a) removing Cs- hydrocarbons from said product;

(b) removing sulfur and nitrogen from the product of step (a) to produce a resulting
product containing less than 5 wppm of sulfur and less than [ wppm of nitrogen;

(c) fractionating in a distillation zone the resulting product of step (b) to form a Cs-
fraction and a Cg+ fraction:

(d) withdrawing said Cs+ fraction from said distillation zone;

(e} trcating said Cgt fraction to remove olefins and dicnes from said Cgt+ fraction to form

a resulting Cegt fraction containing less than 250 wppm of olefins and dienes;



18. The process as recited in Paragraph 17, wherein said catalyst further
conprises a binder. 19. The process as recited in Paragraph 18, wherein

said crystally W 2 famly material is MCM22. 20. ce as
recited in an@ag??e OFS%Par agraphs 9-19, wherein said at IP§£/§§%§)820§§4§+

non-aromati c hydrocarbon is selected fromthe group consisting of

cycl ohexane, nethyl cycl opent ane,

2- met hyl hexane, 3- et hyl hexane, 2, 3- di net hyl pent ane, 2, 4- di net hyl pent ane,

di et hyl cycl opent ane, and m xtures ther - 21. The process recited in any
one of Paragraphs 9-20, wherein said purity of said cunmene product is at

| east 99. 90 pefferffactensbe: Brit dividlatw 29he thefrespline et presarmt sien (P He fpmodct .
22. The process reagiti&tnid BMY.QR8 Qff Paragraphs 9-21, wherein said purity
of said cunene product is at |east 99.95 percent based on the weight of
cuenc present &n wikdrayingdaigtCo frag®n. The process recited in Paragraph 10,

wherei n saig refor by | Y I Mt LG, 1 m, ng. .of. na ol
The processidrec?fetga%oﬁmgglr a?‘ga[rng%ﬁtd%o,r%‘gr&e{i h&ysalﬁg&éle ogarlﬁggftl aeprﬂi E‘%Cg?nne%gﬁy

t he cracki Myd@rerhgdioawaytiinis recogmed e @ prfreutedyragesavery mreremdigl aptctg

wher ei n saig,cracking is acconplished by steam cracking. 26. The process
as recited in any one of Paragraphs 9-25, wherein said at | east one C6+
non- aromat i%e hydrgesrBonofusing e serencinodugl having d Ped b anlcwbibdsharieanbapesed i n
an amount Qfy thé @BhiV¥P 2ROR/ AARHSR AT/ bERRORAB{0PR I 4rbon g&{lpos@iﬁﬁ)lf@ed 1t b8

about 50 percent by weight of at |east one + ‘non-aromati ¢ hydrocar bon
having a bdPl iHEBIenExAFEM ris 10statialy fresselire- dpdmpybensiend $7kpyomatst t he
boi I'i ng poingliro®fibd¥e N8 REntains benzene and from about 1 to about 75 percent by weight of at least

one Cgt non-aromatic hydrocarbon having a boiling point within 10°C at a pressure of about

101.3 kPa-a of the boiling point of benzene, said process comprising:

(a) alkylating the benzene with propylene in an alkylation reaction zone, said reaction
zone is maintained under at least partial liquid phasc conditions, with an acid-active
catalyst comprising at least one of a crystalline MCM-22 family material and a zeolite
beta molecular sieve at conditions that include a temperature in the range of from
about 110°C to about 170°C, a pressure sufficient to maintain the benzene in the
liquid phase, a mole ratio of propylene to benzene in the range of from about 0.01:1 to
about 0.75:1, and a feed weight hourly space velocity in the range of from about 0.1
to about 10 hr''; and

(b) distilling the product of step (a) to produce an cumene product having a purity of at
least 99.50 percent based on the weight of cumene present in said cumene product.

10.  The process recited in Paragraph 9, wherein said hydrocarbon composition feed is produced
from a reformate.

11. The process recited in Paragraph 10, wherein said reformate comprises: (i) Cs-
hydrocarbons; (ii) benzene; (iii) C;+ aromatic hydrocarbons; and (iv) from about 1 to about 75
percent by weight of at least one Cs+ non-aromatic hydrocarbon having a boiling point within
10°C at a pressure of about 101.3 kPa-a of the boiling point of benzene and said hydrocarbon
composition feed is prepared from said reformate by removing by distillation the Cy-
hydrocarbons and said C7+ aromatic hydrocarbons from said rcformate.

12. The process as recited in any onc of Paragraphs 9-11, further comprising rccovering

polypropylbenzenes from the product of step (a).



27. The process as recited in any one of Paragraphs 9-26, wherein said

hydr ocar bon conposition feed contains inpurities selected fromthe group
consi sting of di enes, sul fur-containing conpou

ni t rogen- conta?nﬁLé&éonpounds and m xtures thereof andq§§n§§ggw&g7portion
of at least one of said inpurities are renoved fromthe hydrocarbon
conposition feed prior to contact with said catalyst. 28. The process as
recited in any one of Paragraphs 9-27, wherein said hydrocarbon conposition
IS substantlally free of C4- hydrocarbon%5and C7+ aromati c hydrocarbons and
conprises: (i) benzene; (ii) fromabout 1 to about 75 percent by weight
based on t h&-wdilgHrocsss %*h@CdeoEﬁ%bmh oriplssiin japreasiof pattioh exfsthe oeroveasd:

non- aronat|ﬁﬂgygﬁﬂgékggqbﬁg&k@gn@gggg Ling point within 10C at a pressure of
about 101.3 of l'1 ng pol nt of benzene; (|||£%Iess than 5 vvppm

of sulfur; (4 v)ihs @easessharitcd ingspmone ofiferagtsehs 9-dAdwheryin| the slkylation 2800Iowppm
of olefins ﬁﬂgd(,dﬂct%pﬁ@turc o# FomAbBIt Q868 Sto faBbut @5@@“& bﬂ%&&u&%f%fﬁ%!%@uthrﬁ@%ﬁa-

having a purity of | east 99. SOWPercent based on the wel cunene

present in tf)wé%r’-&é%MPdtfsﬂﬁ@leadm reeatBe fp kearape of fromrbet 8 tlldé@ldlfQUerﬁd

reformate, ﬁ@bd&ﬁ%@k@@ﬁﬁ@?Qm&Qﬂﬂ&ﬁyhkﬁ&nﬁﬁﬁuOg%nwaﬂﬁ{ﬂﬁﬂe extractlon sai d
process co r|S|n (a) providing a refortnate that conprises: (i)

hydr ocar bons-  {h§ §’r°b<‘éh¥élﬁé1 in ew ene of Paragirphindt ide Whgrein seid miebgtio afimox(yﬂqny ¢ r om

about 1 to1ﬁhgmgm%§nggbgqnhlaﬁawﬁh at; based on the weight of the reformate
of at |east one C6+ non-aromatic hédrocarbon having a boiling point within

10C at a pr¥sstPergresapsticd norrasrappdsavhirein wed peals ratg ob Grorylept openzaads  ( b)
renovi ng Chbodtypdzocar bons and the C7+ aromatic hydrocarbons fron1the
reformate b dlstlllatlon to fromsaid hydrocarbon conpositio gﬂé

al kyl ating the B%W?@ﬁ%abF@@@ﬂPaPﬁo?%%fWVﬂ¥%$érHénwéﬁﬁﬁdémﬂﬁﬁﬁnﬁﬁt W22

extraction fahilj hetdiel RrEREEd WolhthP eyl ®Agsthpdgvets-2east MPRT tM@li-doi G d
phase mnthéﬁ gfgalyst conprising at | east one of a crystalllne MCM 22
famly mat F¥r%nd a zeolite beta nol ecul ar sieve at conditions that a

t enper at ur @si NThdyRodeatg@ecctd LfanQﬁgﬁblOm whiQfa shid ca¥t further compriscs a binder.
20081100655PCT% %Jespzr(o)c%gslaos,?eocﬁgj in Pardéraph 18, wherein said crystalline MCM-22 family material is
MCM-22.
20. The process as recited in any one of Paragraphs 9-19, wherein said at least one Cg+ non-
aromatic hydrocarbon is selected from the group consisting of cyclohexane, methylcyclopentane,
2-methylhexane, 3-methylhexane, 2,3-dimethylpentanc, 2,4-dimethylpentane,
dimethylcyclopentane, and mixtures thereof.
21. The process recited in any one of Paragraphs 9-20, wherein said purity of said cumene
product is at least 99.90 percent based on the weight of cumene present in the product.
22. The process recited in any one of Paragraphs 9-21, wherein said purity of said cumene
product is at least 99.95 percent bascd on the weight of cumene present in the product.
23. The process recited in Paragraph 10, wherein said reformate is formed by catalytic
reforming of naphtha.
24.  The process recited in Paragraph 10, wherein said reformate is formed by the cracking of
hydrocarbons.
25. The process recited in Paragraph 24, wherein said cracking is accomplished by steam
cracking.
26. The process as recited in any onc of Paragraphs 9-25, wherein said at Icast one C+ non-

aromatic hydrocarbon is present in said hydrocarbon composition feed in an amount of from



about 170C, a pressure sufficient to maintain the benzene and the propyl ene
m xture in at |least partial liquid phase, a nole ratio of propylene to
benzene in t r of fromabout 0.001:1 to about 0.75:1, _and a feed

wei ght hourly gﬁace Vel oci ty in the range of from about %STTS%OS’Q(?%)ZH 10
hr-1; and (d) distilling the product of step (c) to produce an cunene
product having a purity of at |east 99.50 percent based on the wei ght of
cunene present in the product. 30. The Eﬁrocess recited in Paragraph 29,
wherein the al kylation conditions includetenperature of fromabout 120C to
about 150C, a pressure of fromabout 1.479 MPa-a to about 2.859 MPaa, a

nmol e rati o @Pupllopybesti 80 percers iy evseshbf 4t desmh b diat non-aromatiphysinsatbo h&ing a and
a feed vei ghfiiidyQlnk MitRiRAGR: MG HRELEYorAbodt 1O RROVE (R R oRP rl. 3L
The process réci tend iln any Qng ‘o?‘u P%lr a%r aphs 29- 30,6\/\/?112%23% gﬁ‘%ﬁ%ﬁg e ratio
of propyl en¥ t dhpvigesiteas gedtpdrin atnyuencOoR Pragiuplan8ido, Orhgreln said hydmigabon
process recididsilidh RWcoMfhs RhpunBEAYBRNRoR Tetoup MRS EhE oSk eths TRLEs, s@KI© Of
propyl ene to benzene is about” 0.3. 33. The process as recited In any one
of Par agr api8tepge3emnghrke PHFOSAr@Mi¢ gt eanirionedsMIM. moxtiranilieseofrand et Bksti s

sel ected frpmidnhg agliéa&tnm@gmu&%miﬁgi arg%&%d ﬁm\@hé@ydrb’&k\{koﬁ%om@l&?t_id}{%&ﬁ-

34. The process as recited in Paragraph 33, wherein said crystalline MM 22
fam |y mat &0l qoataqyryifpspid catalygs  The process recited in any one of

Par agr aphs 229- 34 prhessehd r&abd if ehQr Rt 6r ipsraf@pHEEOL2BY whakdl Yhid G hetabsd N9
of napht ha. 36.__‘Iph,e process recited in any one of Paragraphs 25- 34,

wher ei n sai QMPRYHNHEt Whstantipky fisg obyCat hadrepdibaas gd df niFernycabwsirarbonssgnd The
process recobigdsekn Paragraph 36, wherein said cracking is acconplished by
steam cracking,. 38. The process recited in any one of Paragraphs 29-37,
wherei n said pliti %1% sai d cumene product is at |east 99.90 percent based

on the wei ght of) GrREMBUPT BSBBIt 15Mpetdf RN RENE based 38 the NGR 0P AR TS dRSarb KL t ed
any one of Paragraphs 29-38, wherein said hydrocarbon conposition feed
contains i npuri ti 63MBX{HERt UekifIPBhPIches gBORBN SIS HEP DR Eiget PRidNS BRighes,
sul fur-cont ai ni Ng vGAMIOUO &S, prédstrt @ﬂmutqm.tsa@aua@gthseangymg,of@aﬂed&] xtures

t hereof and at | east ortion of at |least one of said Inpurities arc

. L a )
removed from t ?ﬂﬂ‘é‘égﬂ’lﬁ@ﬁoéﬁﬁ%bsi tion feed prior to contact with said
catal yst. (iv) less than 1 wppm of nitrogen; and

(v) less than 2500 wppm of olefins and dienes.
29. A process for producing an cumene product having a purity of at least 99.50 percent based
on the weight of cumenc present in the product using a hydrocarbon composition produced from
a reformate, said hydrocarbon composition has not undergone extraction, said process
comprising:
(a) providing a reformate that comprises: (i) Cs- hydrocarbons; (ii) benzene; (iii) C7+
aromatic hydrocarbons; and (iv) from about 1 to about 75 percent by weight based on
the weight of the reformate of at lcast one Cgt+ non-aromatic hydrocarbon having a
boiling point within 10°C at a pressure of about 101.3 kPa-a of the boiling point of
benzene;
(b) removing Cy- hydrocarbons and the C++ aromatic hydrocarbons from the reformate by
distillation to from said hydrocarbon composition;
(c) alkylating the benzene present in the hydrocarbon composition without extraction of
the reformate with propylenc under at least partial liquid phasc with a catalyst
comprising at least onc of a crystalline MCM-22 family matcrial and a zcolitc beta

molecular sieve at conditions that a temperature in the range of from about 110°C to



WD 20081100655PCT1US20081050497 - 28 - 40. The process as recited in
Par agr aph 39, V\/nerei n the hydrocarbon conposition that is substantially

free of C4- h &ﬁ{nﬁg\ns and C7+ aromati c hydrocarbons q,gcilmg%gy&)ggs (1)

benzene; (ii) fromabout 1 to about 75 percent by wei ght based on t he

wei ght of the hydrocarbon conposition, of at |east one C6+ non-aromatic
hydr ocar bon having a boiling point wwthin 10C at a pressure of about 101.3
kPa-a of the boiling point of benzene; (iii) less than 5 wppm of sul fur;
(iv) less than 1 wppm of nitrogen; and (%3'Iess t han 2500 wppm of ol efins
and dienes. 41. The process as recited in any one of Paragraphs 29-40,
wherein said at | &8t IGAE. epicsnsusiomata mainfrbchontsn andthp peogeare mixtusai d

hydr ocar bon conposihtat RBst freed! hc{h@ﬁhdm%le ofio orf?mp%@fpeu&) bbRzehO 1@1@9"(’ ﬁégf
percent by weight of at |east one C6+ non-aromati ¢ hydrocar bon havi

boi | i ng point wit K teret Q00T & akoutPd5:bf andiyolsed voighhaupy spacevelppity lbdher i ng

poi nt of benzene. mﬁ&%@%m‘gh@tf)qld, QD 1examel e il lustrates certain
enbodi ment s of i(C}L)he present disclosure but is not intended to be construed

as to be restri{®tiVelye hheodist pf tieraiilosRiopise theretse PRdEsrREng @ PpOoPf pt

Tests were carri ede@tgo. wﬁeﬁe@eb@gé%ﬁ%rxmgmsmﬁ@@5rbs@ﬂ1ﬁ%91da9mr' sed of 66
wei ght percent benzene and .34 percent by ht of 2-nmethyl - hexane.

Propyl ene wis PreREss ieptade PF’F?%FF‘I&%{)P B’é?fe@d]i“ﬁp%gil%tioé RO ingludprismpesiugc h

that the pramwheneutiQoTeRzens 15 palsuR PirolhBodtaedo m&a@l ai)&@m&@b Ripal O
1.0. The test s conduct ed bé assi n the feed over catal yst at a

t enper at ur & 8™ SHEC L grogylenr orleaer @ gﬂ@fﬁb@l‘té]n]t 1 t“bal??ﬁi %?él ?’Pdtan@e‘ﬂ)é’ﬁ%éhe in

the liquid mhﬂ)sg)acﬂeﬁcnﬁofpﬁ&ﬁ %opf@pyﬂmsutqlurgoner impurities and shows
significant) l.ene oI| impurities in the practice of the

present di sci oi ‘?50"6 rﬁ%fié“ a2“3’[06‘3?) &Te@équs st b WagEsad MolR et efprepylene to
hydr ocar borbes@2apBiotd dbutfoeedtbalt oconpri sed 66 wei ght

32. The process recited in any one of Paragraphs 29-31, wherein said mole ratio of propylene to
benzene is about 0.3.

33. The process as recited in any one of Paragraphs 29-32, wherein said crystalline MCM-22
family material is selected from the group consisting of MCM-22, MCM-36, MCM-49, and
MCM-56.

34.  The process as recited in Paragraph 33, wherein said crystalline MCM-22 family material is
MCM-22.

35. The process recited in any one of Paragraphs 29-34, wherein said reformate is formed by
catalytic reforming of naphtha.

36. The process recited in any one of Paragraphs 29-34, wherein said reformate is formed by
the cracking of hydrocarbons.

37. The process recited in Paragraph 36, whercin said cracking is accomplished by stcam
cracking.

38. The process recited in any one of Paragraphs 29-37, wherein said purity of said cumene
product is at least 99.90 percent based on the weight of cumene present in the product.

39.  The process as recited any one of Paragraphs 29-38, wherein said hydrocarbon composition
feed contains impurities selected from the group consisting of olefins, dienes, sulfur-containing
compounds, nitrogen-containing compounds, and mixtures thereof and at least a portion of at
Icast onc of said impurities arc removed from the hydrocarbon composition feed prior to contact

with said catalyst.



percent benzene and 34 percent by wei ght of 2-nethyl-hexane. Propyl ene was
present in the feed in varied anounts, i.e., the propylene to benzene nole

rati o was 1.0y ' 0.25. The test was conducted by ' he feed
over a NDWZgwggg(gflg/@%dat a tenperature of 130C and at ﬁgﬁ%@@’ﬂ%@m

sufficient to maintain the benzene in the liquid phase. Results of the
tests are showmn in FIG 6 through FIG 8. FIG 6, which plots the degree of
2- met hyl hexane i sonerization to 3- WD 2008/ 100655PCT/ US2008/ 050497 - 29 -
net hyl hexane, shows the practice of the ftesent disclosure results in

m ni mal isonerization of 2- mnethyl hexane to 3-nethyl hexane. FIG 7, which
plots the afburt® FFORsSpsOISHHeR Zemeraphpllr inhyremt thy divFvegdap seerosiEpp dhdt iies,
shows that $bgaamefite FC,MyRFRRBLRAAE ENCrbRRTBL HBP MRS aftPlondligRl fi cantly
changed by space velocity. FIG 8, which plots cunene selectivity versus

benzene conver 9 orP"&Hws t hat the practice of the present disclosure

resul ts in bot kijhi fefin BRAZ ©RCateANYEFSERNPREH L IHATENRcis R Red Widfobarbor 30
- CLAIMS: 1. A process for producing an cunene product having a purity of at
| east 99.50 per cerf®™HERE: 8hak kest W& GRt gy dpcaben taying ¢ Reilipg paatt

using a hydrocar bogteOnpPost § preRufe@etbduh it Nas-NPthc WOGRE BORE rBXIERACL i ON, 1S
substantial ly ftej of - hydrocarbons and C7+ aromati c hydrocarbons, and

A

contai ns benzef® df HPSPABRAIU It 0 about 75 percent by weight of at |east
one C6+ non-ar goptits iy drgpardiamobaykmg a boiling point within 10C at a
pressure of abg t 101.3 % aa of the boiljng point of benzene, said process
conpri si ng: (‘5 grdhen? @%ﬂ%Pﬂﬂ%%P&@ﬁr S-feed having inpurities selected
from the graupToomnsiss angeill iOhefdndsf PALERGS 2050] Fhbicif 0404 ai 1BdshgnComRHNdS,
ni t rogen- cont ai ni.n CQE?OQ”QS1 anq‘gixtureg t her eof ; (?) (enDV|ngfat | east
a portion Of RHICIYFIRRLPIT 1L g e RGPV tiee Bad th am ppav &F digm
al kyl ati on dbeedohawbiug 50 p&sent BamclghiRIM @l ofbllCht hon-4re®&id HafbcdbyPRNIMRS
nitrogen, %ﬂinlg %cs)i%t vtv1}t1nellrr1] ](?D%Oa(t)a p eEsrlTl]reooff at())c!u?ﬁ61D3SkPaé[]adofq}lleebr(]>ﬁlsn’g point of benzene.

[0090] The following cxample illustrates certain cmbodiments of the present disclosure but is

not intended to be construcd as to be restrictive of the spirit and scope thereof.

Example 1
[0091] Tests were carried out with a hydrocarbon composition fecd comprised of 66 weight

percent benzene and 34 percent by weight of 2-methyl-hexane. Propylene was present in the
hydrocarbon composition feed in amounts such that the propylene to benzene mole ratio of the
feed ranged from 0.20 to 1.0. The test was conducted by passing the feed over a MCM-22
catalyst at a temperature of 130°C and at a pressure sufficient to maintain the benzene in the
liquid phase. FIG. 5 plots propylene oligomer impurities and shows significantly lower

propylene oligomer impurities in the practice of the present disclosure.

Example 2
[0092] Tests were carried out with a hydrocarbon composition feed that comprised 66 weight

pereent benzene and 34 percent by weight of 2-mcthyl-hexane. Propylene was present in the
feed in varied amounts, i.c., the propylene to benzene mole ratio was 1.0; 0.5; and 0.25. The test
was conducted by passing the feed over a MCM-22 catalyst at a temperature of 130°C and at a
pressure sufficient to maintain the benzene in the liquid phase. Results of the tests are shown in

FIG. 6 through FIG. 8. FIG. 6, which plots the degree of 2-methylhexane isomerization to 3-



(c) alkylating the benzene in said alkylation feed with propylene in an
al kyl ation reaction zone which conprises an acid-active catalyst, to
produce an ef {lougitiogbd ch conprises cunmene and a reduced ngguﬁgmﬁb7cunene
coboilers as conpared to an effluent produced from sai d hydrocarbon
conposition feed which has said inpurities, said reaction zone is
mai nt ai ned under at |east partial liquid phase conditions, that include a
tenperature in the range of from about 110C to about 170C, a pressure
sufficient to maintain the benzene in thé Tiquid phase, a nole ratio of

propyl ene to Benzene in the range of from about 0.01:1 to about 0.75:1, and
a feed wei gt H%ﬁ???*@ﬁ%&@”ﬁéﬁ%%?ﬁ@cPﬁ“?ﬁ@“WéWﬁé“B?*WP%WPﬁbﬁﬂ?“GM¥mﬂ52about

10 hr-1; an@eth(l€dxatl ®t3-hbthgeaad. drief f wigat piofk ust SR ubCor iRoRIRHEGE i1d {)}uﬁ}umane
product havin a‘Purlt of at |east 99.50 percent based on the wei

cunmene pres@nEKPh~é%?%‘ﬁ@ﬂﬁﬁebﬁPﬁﬂﬁEEteZMWH@tﬁf@dﬁ@ﬁ“ﬁéﬁ??é@“PHO%P%WﬁPR

wher ei n sai dghydncetaboa w&m@szubt@n ffleegl w&m&%&&sﬂlcfs&@mvay V@b RIIRLRe
-31 - 3. The pracess recited in claim aid reformate conpri ses:

(i) Cs- hydiBCEPEbAYo™Y e RieRFEHE:; Of(ﬁh? .rvesefmdl& Oawatrm“hyraPa@ahlswgnzeam
(iv) from af@idrsidn 4nd halbQuientcReGgNt by wei ght of at | east one C6+
non-aromati ¢ hydrocarbon having a boiling point wwthin 10C at a pressure of
about 101.3 kPa-a of the boiling point of benzene and said hydrocarbon
conposition feed is prepared fromsaid reformate by renovi ng by
distillation the C4- hydrocarbons and said C7+ aromatic hydrocarbons from
said reformate. 4. The process as recited in claim1, further conprising
recovering pol ypropyl benzenes fromthe product of step (a). 5. The process
as recited in claim4, wherein at |east a portion of the recovered

pol ypropyl benzenes is bl ended i nto gasoli ne.



6. The process recited in claim11, wherein the alkylation conditions

i nclude tenperature of from about 120C to about 150C, a pressure of from
about 1.479 MPa-a to about 2.859 MPa-a, a nole ratio of propylene to
benzene of from0.01:1 to 0.5:1, and a feed wei ght hourly space velocity of
fromabout 0.5 and about 2 hr-1. 7. The process recited in claiml, wherein
said nole ratio of propylene to benzengois fromabout 0.02:1 to about

0.4:1. 8. g&F gégcess recited in claiml, wherein said acid active catal yst
conpri ses A4l t one of a crystalline MCM 22 fam |y material nol ecul ar
sieve and a zeolite beta nolecular sieve. 9. The process as recited in
claim8, wherein said crystalline MCM22 fam |y material nolecular sieve is
sel ect ed fFtom tAePrgesstiforcoradicing aiyy cemengameduct BYONE 36PurViCl 49 leasiChR-5¢6, UZM 8

and m xtures th o t [ ' : in said
2t onot "one Cotr ey bastdon MG RURGEAMAR phetfiutEhe prhdhécHe by IRELELD
consi sting of cywhmhitieardesd that 133 not meddngdne yextragions snmpst2atiady Hyeke hdXane,

3 hexane sl PO 85, i o SRR e
claim1, whereiabosaildtquabiity7ofpemantdbg unegie pf atdueist iofe ats+ fashroRtiO0
percent based Ol?ydtroqgrb%g ihg\mlg g%oi?ilfllg%gi%t &{tﬁiﬁe H)E’Cia? a %)rrg:gsu?g (())fd alTla((:)ltJt' 101.3 kPa-
a of the boiling point of benzene, said process comprising:
(@ providing said hydrocarbon feed having impurities selected from the
group consisting of olefins, dienes, sulfur-containing compounds, nitrogen-
containing compounds, and mixtures thereof;
(b) removing at least a portion of said impurities from said hydrocarbon feed
to produce an alkylation feed having less than 5 wppm of sulfur, less than 1 wppm
of nitrogen, and less than 2500 wppm of olefins and dienes;
©) alkylating the benzene in said alkylation feed with propylene in an
alkylation reaction zone which comprises an acid-active catalyst, to produce an
effluent which comprises cumene and a reduced amount of cumene coboilers as
compared to an effluent produced from said hydrocarbon composition feed which
has said impurities, said reaction zone is maintained under at least partial liquid
phase conditions, that include a temperature in the range of from about 110°C to
about 170°C, a pressure sufficient to maintain the benzene in the liquid phase, a
mole ratio of propylene to benzene in the range of from about 0.01:1 to about
0.75:1, and a feed weight hourly space velocity in the range of from about 0.1 to
about 10 hr''; and
(d) distilling said effluent of step (c) to produce an cumene product having a

purity of at least 99.50 percent based on the weight of cumene present in said

cumene product.

2. The process recited in claim 1, wherein said hydrocarbon composition feed is

produced from a reformate.



12. The process recited in claim2, wherein said reformate is forned by
catalytic reform ng of naphtha. 13. The process as recited in claim1l,
wherein said at | east one C6+ non-aronmatic hydrocarbon is present in said
hydr ocar bon conposition feed in an amount of from about 10 to about 50
percent by weight of at |east one C6+ non-aromatic hydrocarbon having a
boiling point within 10C at a pressure3pf about 101.3 kPaa of the boiling

poi nt of benzen 14. A process far producing an cunene product having a
purity of at I_ei@et p@@?%?eﬁg?fgéﬁtdﬁﬁ‘s d_“gﬁ"et‘%éa\aefeg‘ﬁfna@f e @) dsent in
the product usiRg@irécalBoHs;QAREERENS ANPOST hioRiAtiP hPdbeAtbs! &1 @ )IRfnPhbB e, said
hydr ocar bon conpositi on has not undergone extraction, said process

conprising: (a) iprerutdimgreent Y vicight ef ethigest oaersit ses-arqnigtic dgydrocarbon

hydr ocar bons; (jJ ne; g o@l, i y, L pal Ly) from
about 1 to abou?*@%pggﬁgﬁﬁﬁmrg‘@ngﬁp‘%ﬁge %%m?ﬁgn&éﬁgﬂﬂqgkp?ﬁgﬁ&ggornate
of at |east onebdiidag prom-cdibommné andadtt lIpclardaton kempositican foed isipngpapdifitim wi t hi n

10C at a pressu fo about 101.3 kPa-a .af .th ilin int of bepnzene;
(b) renoving 04{6‘?‘115‘3 Pocar %P(')rrlesm%"rlln F%éilsag-artloé’r%ﬁaq?f é’%@&&%%ﬁ@n “f &m t he
reformat e by disbmbdialiyidestatbons bommssidirefotiyde.ocar bon conposi ti on whi ch

conpri ses said benzene and benzene coboilers; (c) alkylating the benzene
present in the hydrocarbon conposition of step (b) with propylene in the

presence of a CHieal pistessOnPrirsdiRd ah lc@ast DNefuftherd &hprhak! 1 R& 22
famly material and a zeolite beta nol ecul ar sieve to produce an eftluent
whi ch” conpri sesPobtYdearaey fipedbs wadusaLger@doboi | ers, said conditions
include a tenperature in the range of from about 110C to about 170C, a
pressure sufficient to maintain the benzene and the propylene mxture in -
33 - at | enst pHretpratess pgueatepimsaimaft, vdlcecin at leastof ppitiopyf dhe racovdsechzene i n

t he range of fr&??p?(ﬁ)gﬁeg%ggg%gﬁphgd ‘(’?‘qu%%l 75:1, and a feed weight hourly

space velocity roma .1 to about 10 hr-1; and
(d)distilling said effluent of step (c) to produce a cunene product having
a purity at J,east 99.50. percent .based ,on.t ight of cunmene present in
t he product. 15fheTH%)C%SF of:eg%é;der"éci Y ﬁ’n “&eﬁlil?nqﬁﬁwag‘rogi Fondiions| ‘R&Pgﬁi on
condi tions i ncltudgerhtarspsr fadni bBodf1 207 #datil S0R20L pt@siad 0l frothSddout R4PY essur e
of from about JM479 MPa-a_t o about 2.859 MPa-a, a nole ratio_ of %ropyl ene

; )

to benzene of YA &beRput é'.g%.’ Mhtace apele rasiostpronyifge 40 peransy fgre Odelr 1 y
space vel ocity 90.5tr, ana 2RUehPhARY sBRRWEI0RItNEF flom A8out H¥E1RREGEIHrES
0}

recited in claim15, wherein said nole ratio of propyl ene t
7. The process recited in claim 1, wherein said mole ratio of propylene to benzene is

from about 0.02:1 to about 0.4:1,

8. The process recited in claim 1, wherein said acid active catalyst comprises at least
one of a crystalline MCM-22 family material molecular sieve and a zeolite beta

molecular sieve.

9. The process as recited in claim 8, wherein said crystalline MCM-22 family
material molecular sieve is selected from the group consisting of MCM-22,

MCM-36, MCM-49, MCM-56, UZM-8 and mixtures thereof.

10. The process as recited in claim 1, wherein said at least one Cg+ non-aromatic

hydrocarbon is selected from the group consisting of cyclohexane,



benzene is fromabout 0.2:1 to about 0.4:1. 17. The process as recited in
claim14, wherein said crystalline MCM 22 famly material is selected from
the group consisting of MCM 22, MCM 36, MCM 49, MCM 56, UZM 8 and m xtures
thereof. 18. The process recited in claim14, wherein said reformate is
formed by the cracking of hydrocarbons. 19. The process recited in claim
18, wherein said cracking is acconplisb®d by steam cracking. 20. The

process recited in claim14, wherejn sagﬂ rity of i.d mene product is
bt least 99.90 BEvREHTOBIESE HROVKISRFghrely lren plmebipeting pd-

product. 21. Th@inRiBGRAEGNENIM&RYIERIbpeRtakd, @hdinbdurcMhlc6f.nN sai d hydrocar bon
conposition feed contains inpurities selected fromthe group consisting of

ol efins, dienes, sulfur- - 34 - containing conmpounds, nitrogen-containing

conpounds, jand jxtHERS rdcfted Gl @ﬂer%iﬁ%%ﬁ I})‘Eri 6t daRNcfenlord RSk spne of

d
said inpurities are renoved fromthe hydrocarbon conposition feed prior to
contact with saleast 8208 bsrsent based on the weight of cumene present in the product.

12. The process recited in claim 2, wherein said reformate is formed by catalytic

reforming of naphtha.

13. The process as recited in claim 1, wherein said at least one Cg+ non-aromatic
hydrocarbon is present in said hydrocarbon composition feed in an amount of
from about 10 to about 50 percent by weight of at least one Cs+ non-aromatic
hydrocarbon having a boiling point within 10°C at a pressure of about 101.3 kPa-

a of the boiling point of benzene.

14. A process for producing an cumene product having a purity of at least 99.50
percent based on the weight of cumene present in the product using a hydrocarbon
composition produced from a reformate, said hydrocarbon composition has not
undergone extraction, said process comprising:

(a) providing a reformate that comprises: (i) Cs- hydrocarbons; (ii) benzene;
(iii) Cs+ aromatic hydrocarbons; and (iv) from about 1 to about 75 percent by
weight based on the weight of the reformate of at least one Cg+ non-aromatic
hydrocarbon having a boiling point within 10°C at a pressure of about 101.3 kPa-a
of the boiling point of benzene;

(b) removing C4- hydrocarbons and the C;+ aromatic hydrocarbons from the
reformate by distillation to form said hydrocarbon composition which comprises
said benzene and benzene coboilers;

(©) alkylating the benzene present in the hydrocarbon composition of step (b)
with propylene in the presence of a catalyst comprising at least one of a
crystalline MCM-22 family material and a zeolite beta molecular sieve to produce
an effluent which comprises cumene and unreacted benzene coboilers, said
conditions include a temperature in the range of from about 110°C to about

170°C, a pressure sufficient to maintain the benzene and the propylene mixture in



22. The process as recited in claim?21, wherein the hydrocarbon conposition
that is substantially free of C4- hydrocarbons and C7+ aromatic

hydr ocar bons and conprises: ( i )benzene; ( i i ) fromabout 1 to about 75
percent by wei ght based on the wei ght of the hydrocarbon conposition, of at
| east one C6+ non-aromatic hydrocarbon having a boiling point within 10C at
a pressure of 101.3 kPa-a of the boilt&y- point of benzene; ( i i 1 ) less
than 5 wopm of sulfur; (i v) less than 1 wopm of nitrogen; and ( v )l ess
than 2500 wppm of olefins and dienes. 23. The process as recited in claim

14, wherein saig ladst bzﬁﬁﬂthc@ﬂﬁplﬁﬁé‘ ar}ﬁaeaatmpr@pﬂwrt@@aﬁz@@@m the PAREOAL i N
sald hydr ocar bon conposi ti an anmpunt of from about 10 to about 50

percent by me|gﬁ@“@?mﬁp(nﬁd§?aﬁﬁﬁodﬁ4 A Bedatehthawlysararvsbsithinthag a

boi l'ing point WahAi & ARECaiut 8 1R6 B Enf appout 101.3 kPa-a of the boiling
poi nt of benzene.
(d) distilling said effluent of step (c) to produce a cumene product having a
purity of at least 99.50 percent based on the weight of cumene present in the

product.

15. The process recited in claim 14, wherein the alkylation conditions include
temperature of from about 120°C to about 150°C, a pressure of from about 1.479
MPa-a to about 2.859 MPa-a, a mole ratio of propylene to benzene of from about
0.1:1 to about 0.5:1, and a feed weight hourly space velocity of from about 0.5
and about 2 hr™,

16. The process as recited in claim 15, wherein said mole ratio of propylene to

benzene is from about 0.2:1 to about 0.4:1.

17. The process as recited in claim 14, wherein said crystalline MCM-22 family
material is selected from the group consisting of MCM-22, MCM-36, MCM-49,
MCM-56, UZM-8 and mixtures thereof.

18. The process recited in claim 14, wherein said reformate is formed by the cracking
of hydrocarbons.

19. The process recited in claim 18, wherein said cracking is accomplished by steam
cracking.

20. The process recited in claim 14, wherein said purity of said cumene product is at

least 99.90 percent based on the weight of cumene present in the product.

21. The process as recited in claim 14, wherein said hydrocarbon composition feed

contains impurities selected from the group consisting of olefins, dienes, sulfur-
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containing compounds, nitrogen-containing compounds, and mixtures thereof and
at least a portion of at least one of said impurities are removed from the

hydrocarbon composition feed prior to contact with said catalyst.

The process as recited in claim 21, wherein the hydrocarbon composition that is
substantially free of C4- hydrocarbons and C;+ aromatic hydrocarbons and
comprises:

(i) benzene;

(ii) from about 1 to about 75 percent by weight based on the weight of the
hydrocarbon composition, of at least one Cg+ non-aromatic hydrocarbon
having a boiling point within 10°C at a pressure of 101.3 kPa-a of the
boiling point of benzene;

(ti1) lessthan 5 wppm of sulfur;

(iv) lessthan 1 wppm of nitrogen; and

(v) less than 2500 wppm of olefins and dienes.

The process as recited in claim 14, wherein said at least one Cg+ non-aromatic
hydrocarbon is present in said hydrocarbon composition feed in an amount of
from about 10 to about 50 percent by weight of at least one Cgt non-aromatic
hydrocarbon having a boiling point within 10°C at a pressure of about 101.3 kPa-a

of the boiling point of benzene.



