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WO 2006/ 086362 PCT/ US2006/ 004235 SELECTI VE ALKYLATI ON
OF AROVATI C HYDROCARBONS Field of the Invention The

Wreesns636appl i cation rel ates to nethods for i ndHIAE$2406/004235
selectivity during 5 alkylation of aromatic
hydr ocar bons. on Background of the Inventi Methods
are needed for ' I LV i
2l ovEerern ALREAFIOR ZaREunig RO RS
the I nventi 10 The application provides a nethod for
Field pfithednwintigns el ectivity of aromatic alkylation to

| kyl at ' .
e e L
alkyldtiefl of afdnRitieltiydrGehtboas.excess of benzene, the al kyl ating

agent conS|st|ng essentially of a nolar blend of
4 cthe Inyention nor e Ilnear butene(s) and,

RS g S pRTAG Ry Re b IR 1o

monoaBgldtédipeciendi ti ons which i ncreases selectivity of the
al kyl ation to nonoal kyl ati on conpared to predicted
nonoal kyl ati on based on the

rrgﬁfe% {1 gﬁ%;&ﬁdésrherpetﬁb&%ﬁhérﬁ&ﬁ@ﬁl&u@ oPfrobdatic alkylation

propyl ene and one or nore |inear
to mdnotlkpiatie. Themeﬁfodlbempns@' ipsavidingta-feedsteanm sgasipting fsgentially

chart |II r.ati Lhe ex
of alylfgtasersant sSSP i S BEEEE A A PRREL NG consisting
essenﬁﬂﬂj( 5 tRGxr Bldndl TPyl ahe dae bemotd fineat bityhe(s)e and)dbotacting
trans-2-but ene,. igure 2 is aflowdlagramof la(lagon

the feedsireanpwish e setalssiepliyeffentive AmoypiRf zsplifg byta under
T eacnlgﬁ%gﬁcghg %{so‘&lﬁlglh %‘:?%a?’ng%gl%ﬁh&noas e a??slgidﬂb HHoalk5lefidhe

process
compReddfto Prsdidtedselefivity do mnﬁaﬂwlﬁtlon based op dbetumctntrgtion of de

col um and wi h an tio zene col umm
sl pying e Sk PO ST R L proRIPier AL o0 R B Ho% BPieBE(®
Bﬁeft#eseﬁ%n g@gmﬁgyﬂ gurations). Figure 4 is a flow
ragram of a process configuration usi ng an al kfyl ate 1
srﬂlgmtedns achhu nﬂiustrﬁtl@ﬂ:@ eEpeatechvs. P RdAT and tri-alky
ess .C nf| )
bensfie g Qg Y ) fiat pLiNBathlath By s T3 R b,
| NRighieChis tal TRovk ﬂﬁgﬁm K54 4a9¢ casa0 pmoeme:xdmﬁgﬂﬂa&on comprising a

al kylator. Figure 7 |saflowd|agramof a process
transalisalatesin petalel with a3t ¢ r ansal kyl ator is | ocat ed

| el £l VRSP URS S BFInE FbAdiRadt prbdkPEonfiguration of Figure 2 with

no separate light ends column and with an optional benzene column pasteurization section

(which also may be applied to other process configurations).

Figure 4 is a flow diagram of a process configuration using an alkylate splitter
column.

Figure 5 is a flow diagram of a process configuration using a divided wall column,

Figure 6 is a flow diagram of a process configuration in which the transalkylator
precedes the alkylator.

Figure 7 is a flow diagram of a process configuration in which the transalkylator is
located immediately downstream of the alkylator.
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I WD 2006/ 086362 PCT/ US2006/ 004235 Figure 8 is a flow

di agram of a process configuration using an
WOI2R04/08632/ t r ansal kyl ator. Figure 9 is a flow dfGHPEaH6/004235

of a process configuration which does not include a

transal kyl ator or a dial kyl benzene colum. 5 Detail ed

Descri pt,i on Cuprene and s- but yl n re _used as

r Saaue Bdke oy Brauct aessh ondiiRREn ey

sinshiReggne generally are produced by al kyl ating
alkyl %lzgené&?wpi cal al kylation processes produce dj-

affigwre 9tis a fewdirgramdlsmsoerss eonfigyrion; wikich deesdqiot mcliyle 2
oal kyl at ed rodu cunmene and s-butyl benzene.
trans%ﬁ‘ﬁr ‘%"i‘ gﬁ@@'t“?é%ﬁerf%s‘:%&%?% ef fici ent usi ngylo
DetaifedlI3dsefiptic | y pure feedstocks of cunene/s-butyl
enzene. e di- and/or tri- alkyl ated oduct s
gePnedel apdﬁmylmweﬁﬁafﬁgteg‘%ﬂ%w gheriol. Cumene
naal kyl ' r .

ot IR Y oy ALORAR et plaion
proc@é@@bﬁﬁgﬁ?ﬁ%ﬂlor mn@tmiemrdmpmngmfmhe gesitied saanoalkylsted

a netho or increasing_selectivity o ar ti,C .
produgts gRaeRmd oOHIRERIRE! Bﬁ%ﬁ Proﬁﬂsﬂ%{rusme @“ﬂ“@e"é &Pt e
substgnftf( d REAALKE R LinBPne/d BulsPbad 4R, Thedil awdRs v alkylated

yration agent consisting essentially of a nolar .
prodizhegmterdlypwsd be emmeovedatdion eomverted tempneakylated peeduictin a
The su i Si ng |,ncrease in,sekectiVi I LU '
wansglaleior PPIGS LGS IHGUERES ot ERTSIERARE S4B foduce Bl
of T pre@Rflagplicaticd #\ireftea iea afettodr forthcrbasing geledtivity of
al kyl-ation o enzene W th propyl ene aﬁgtg/or tranajl-qgl éo
aromptic aliplation iempnerikyleticn: Thermethod gsasgeglits beiags g afkylation
alkyat i C I ki Si AR SBSRolaPblend of 1
catalgsé,l tqs§$%nyﬁ%€laﬁ§é] %%eﬁk %&%E eg\/\%rslﬁ%i@g erv egla\P/\h eeﬁ to hgropy e
and dileloy n&dre lige®attne@@ns a conbi nati on of propyl ene and
one_qr nore |jnear hutene(s). |If linear butene(s) and
TR BINSECaEeIn SOEINIe sel ectivity to al kyl ation as
0 %ﬁféﬁ@ f @hre RIRUliSH fhe PritBetdd 08l gbb@dled @holmtsof ¢is and tvi-
dibl-Sl an 1tsraicfpial Kyl belﬁéz]er?(_gsr produced per 100 g o 25
alkylireogenes fovoed duiiag thecallsdation ofiparencaeish propyleas pad of fgrs-2-
al kyl ati on ent_is.pr I . i r s it ;
butery Y8 o Filos BB PPile 826 B0k corahRE R rrising ngreaso in
selechivitptts MbhGalkghion Wheolsebied twhzh the alkgiating agent wlak g lcombination
benzenes actual ly ,obs%éved using 100 nole%
of propyigme dmness &wors lipsa busE(sht i ng agent was over 6

t ﬂqy eltrqﬁﬁer{eﬁ? nd ?ﬁgﬁgé had MESEHY SHetBitydo b 1dRh a¥bbserved

propyl ene as ‘the I ng agent. The acCtual "anmount
for pedpylire, the gr&licted totalinknlés dihz amtsi-gkyiheoeshes gradycadiper 100 g of

"e% | ] Le.2 0..0012
R s B
ﬁnea}fi;uﬁﬁé@). apiy! ﬁfed?di‘i‘éﬂ%?&?s 84 ine? " ot Fig- &l kyl benzenes

produced usi hg 100 nol e% trans-2-butene in _Exanple 4,
vaSurigidgly the amount of di- and tri- alkyl benzenes actually observed using 100

TAE LY Pl

mole% trans-2-butene as the alkylating agent was over 6 times less than the result
observed using 100 mole% propylene as the alkylating agent. The actual amount of di- and
tri-alkyl benzenes produced using 100 mole% propylene in Example 2 was 0.00124 moles
per 100g of product (far right data point on lines X and Y). The actual amount of di- and
tri-alkyl benzenes produced using 100 mole% trans-2-butene in Example 4 was 0.00019



2 WO 2006/ 086362 PCT/ US2006/ 004235 nol es per 100 g of

product (far left data point on line Y). The total
WRR08E86362di - and tri- al kyl benzenes predi ct edPGHER006/004235

the nolar ratio of propyl ene/trans-2-butene varied

between these two points is illustrated by line "

Y. "
moles 00 et ol ey e RetiyRR B an” TBE iR AT B ditad i
alkyl BbndehBStediRtiSRRN She ABfhr PARIVE (ROEYleitM-insC2:batehy varied between

concentrations of from 20 nole%to 80 nol e% propyl ene.
these Tive ponta/ie ithgtrated bpilipe “¥Ts a plot of the actual

b dn patigh k6 R s el ka1 oLy, Bldselid BB was
5 obserV¥é€ifing Qeoﬁﬂhﬁ%rpﬁﬂmﬁaﬁﬁlﬂeﬁaijdnﬂmr&;@lm&-@%ﬂcmm at

mol e%  the actual noles of di- and tri- allggé, .
concaptratienscaf firan 29 owlePoge 88 maletppsonitience Jde cypn, 1o 98 Highis 2
o Y 5 58 IR o b AP R il
were hfiad @xanpleaFeTit Wherp thesmalpYapopyleha i frem 26fmqle¥yiy 86 meole’s,

L L T
10  the pflRitdd &%B@?ansegn & miifaeiulis - SGet RS using Stk 1iadi butenes.

require ylator, thereby decreasing equipnent
c ddtisg amalkgiatipg hggnt nomphging a combination of popylese @ed Hnepre

hod invol ves, cont actJ he aro | £ .0 r
butergfs) Mproepr e YEF IS SERO RS el SR SR ¢ BV HEAAR, TR process
may ElfmAa@} ahRhétGedick Sheditd SFand!rogiiredtansalRyiator,3bereby Secreasing
_Pat. Nos. 3,308,069 and Re 28, 341, incorporated
equipmagné cesthynd simpliBrgthe peasiess e beta is identified by its
. cteristic X-ray diffraction pattern which, in
15 Z—egh&erﬁm&% of the significant d values 20 (Angstrons,
r dffiearhithod Kvelvyeh actiactivigathe afoncatip hydroc@bogend aliylating agent
.. Spectroneter),.is, reproduced,i.n Table |.belo
with s A e oot RER it STRBPH PryARiing vmpagilicgis” Spe HiSPas. Nos
3,308;0629 zgndgieZZS 941 in&drporatdd AereiPbylretélesoe) ZQolite bétals [edtified by its

1735 The conposition of zeolite beta is
charagtesisti¢c Kemy aliffifaoti¢ropastern which, in terms of the significant d values

20  (Angstroms, radiation:K alpha doublet of copper, Geiger counter spectrometer), is

(@]

reproduced in Table 1 below.
TABLE 1

d Values of Reflection in Zeolite Beta

11402
74%0.2
6.7+0.2

4.25+0.1

397+0.1
3.0£0.1
22+0.1

The composition of zeolite beta is described as follows:
IXM(1.0 + 0.1-X)TEAJR'O; » Y R%0; » W H;0
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[XM1.0 0. 1 -X)TEA|RI02 Y RZO2 W H20 3 WO
2006/ 086362 PCTI US2006/ 004235 wherein Mis a netal
WO068636% | s sel ected fromthe group consi st iRfgl/B$2006/004235

al um num gallium boron, and iron (preferably
alumnum; R2 is selected fromthe group consisting of

wherg M 5 peAEEHRE, K Sl el WRP AR 0y (R ELEE S,

galhuﬁﬁfbofcﬁp aRbROA fpréfeidbieilbimmy B umsel&t&d ﬁ(omshfggreap eonsisting of
t han and | ess than 100, @i\nd Wi.s

sﬂlcogegp@mnwg: gnd ph@pb@maﬁ {nrefer %mpa* ik IS B Lopefarebly less

than(??p? cal ?%#ra St um | omﬁ?%‘ﬁwﬁ}tqhe or | gea&ﬁmﬁméﬁﬁg%& 100,

and Wid uprey4, dependires an tive cahditiomotdizherdrakipn iand o e metgbcation
techni ques. Suitable netal ions include those from

presegh oups |A, IIA or I11A of the Periodic Table of the
’\%ﬁffﬁﬁfe%&tﬁ%ﬁgﬂ e i P'qesfoﬂﬁﬁl fonl fraih e ovRdiad] siefissis

s as a translition neta | es of suitable
but magrakoMecal metel iohaddeddsy lontekchamge pnohmqgm Spitable metahions include

R

definé BifitaBRS xh@l‘dl fond @lth & fa tideitich R4l Bxdrfiples 6f @ritabld ibws include
herein, the source of the Periodic Tahle is: F. Cotton

ions eftlithinm, mtaaw@dcalmmgmag@esnméwm Janflpopme gerium,gugkel,

’ t
T
referred tehavime thewbines off ﬂled’eblbdﬂ:dkblmhsi heCattehi atinl. iAatvanded Inorgamc

zeolite_heta i nclude materials prepared using
Chen?%‘ﬁb(%’i‘ﬁﬂgl ants ot her than tetraethyl ammoni um

TRiRE ApbScatioh Ny, 69460 169%&6%@@4&7/ and 164,939,
SI/Al ato ratlos reater than 100 t he

mcozpmteﬂthemnd by eefem@b, mhumwp dzondpeaddhe dﬁ@lpillp% af mhée beta to
55 046
incluf{E el RGcpates bt peils 8y ARty BB ERL

hydrd}@deadd Mterisle heviap RAR! f(pl\é&rﬁﬁly L‘S@JMD atbnﬁa ehtms rghgater than 100.

Alsoighe aEoleR e S io FUTRAFHP TR IS S ORI S S0AE (U §1) and
64 32@%9'311 fsn Rkt A#gﬁc%ﬁcig& o @lao0 [NSorb Rle® g%c&ﬁe}akéd%erem by

which “are nbst use efein are crystalline
referalcofiave stridtoms and Kanayrigifiahiorepasternscaery $iorilan kathabef zeolite beta

and o Qngadbe T e S50t he S el S e 2 P A

gaftd fétths BREite BetdwhicBire ﬁ]BEﬁfseﬁﬁﬁbﬂélrﬁdrB Bhystiline R2 is

selected fromthe group consi sting of silicon,
alumgwsmmmmwmﬂleeplm% &rowda:(preferably silicon): X is

| ess t han tRa reater
than 5 andbpggfs\ft(ﬁ Q%O*ﬁs\?Ra DY%OZBZ thog met al
vs.fhr—:rlalﬁrRI i8 sélsctedfroiithe gﬁﬂp%nﬁl(htu@ﬁ a@ﬁlﬁuﬂﬂ galiibeg bednf amhiron

he group consi sting of hydrogen ion, nng umion, .
(pref@rﬁgb{rﬁl@nmam)oﬁ isgakectedifion theSTounsonsisting af slicons germagjjum, and

phosﬁgsgﬁlgé (FRdHrabl difeott); O §1BQ taP] GRLETabE RS haft0F5) 958 greater

than 5 and less than 100, W is up to 4, M is a metal ion, n is the valence of M, and Q is

selected from the group consisting of hydrogen ion, ammonium ion, organic cation, and

mixtures thereof. In a preferred embodiment, Y is preferably greater than 5 and less than
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4 WD 2006/ 086362 PCT/ US2006/ 004235 50. Consequently,
the silicon to alumnumatomc ratio in the above
WO20A4{984362s greater than 5:1 and | ess than 100PGT/U§HH6/004235

preferably greater than 5:1 and less than 50:1. M
preferably is selected fromthe group consisting of

R e N T T T —

3:1 asdesstharbl (Bul,tankd peeforabbnireatethi B adddessHREESHEAL | ONS
B3 el PPy oo o, polassu, i,
d Z4kn Inofte et :

ety e ey Ao L e po B ake §8 nflt FEh By poum.

di net hyl di benzyl amoni um
bi Syitatde organizjcationst axe josel tativas eitiietoart derived in aqueous solution
i d

R %gﬁ“@@%%%@}g@%@, 5%352%?4-5%5{];&3&10[@@@10cme
chlotile, dfnE@ PR zyli RERERRMANETidac] ,ﬁldﬁgﬁy hﬁ&?ﬁﬁp@ﬁp.&%ﬁ

eferred organic cation Is tetrae - anmon I Onm.

octangjntanafibrosnige prdibydosidenang the lile.tte Bunapeah Patent Applications

I [ r rally zeolite .
Nos 910304 1 804 S L 7, b B yetrnce.
A préfetred orgnic\catiomisaetpaiydamnénithigoreol i te is
synt hesi.zed with a high enough ratio of organonitrogen
%?P"l"f“gb%meﬁwblw, Prgdoraingaily Britshysiegenaon fum. Generally,

ca
the zeplith i<Cd ¥ fter.cal cinati a
o ZRefts WdchObrted t dohy iRl Rty Atonil BBttt By
Galc%ﬁmﬂobéhe Teolite iamsghitbesizesineitiea high énonigh ratio of Srganonitrogen cation

speci al f d | % of th
o sof BB 561 ot e ot v sasenmon,
majoz partioh of hetoatie@bitds)sd oscupied BydytiRiget 36nsiahdfoP ?;1:9 %ﬁ;ﬁg@h& Itis

a {)I icatiogn include, but are not rffecessarily T
espeog%

YRisicrted thas ableast ®0% ef the cation sites erececersiediby hydiogeh ions.

[ : 57 izncorpor.ated herein b
oo ef gr gnaécg .% %U§t@€%t? g%@%}“@“ﬁ i 1559811 TEReEEAnbiget
include obate inot ndm@esﬂaﬁﬁelﬁhitéceto%bf H?ei I:féte(:%%&%dh;;g ﬂh? gg%ﬂgd&_es described
. er.at ur e range of from 0 . in
in U.§ G Ry 5258520 dncorQiisddiessin By refersnoe. of.So RelaiNo. 5,258,570
d ' - . [ st IS
B kA PIC ol R0t el Mo & AR EahA: e es of

from 260 ¢C ty Hi09Herinforderitmpruaveiacubstehtint perdichrdvntahyet @Hpldting

c h Sty f N nd quat.ern ., amoni.um For .
agent’em? E%ﬁ%&&g@i‘ﬁgm BRCIRRAS itk 8 S0Pl e oamprisiag one or
more hgdrd géforMing&tion SHReeE fib ikt of - |

H-.betg genergg‘%l y is avail gﬁtflg%g%p;&%%%?f %Z@ggu%?gm
MMy, EBV\EP@WPI% B faguedisemneeswnindteate Solition chh lerused ssion

exchagb&dlelh 8litcOXi de, nore preferably |less than 0.02
\N%.%eNas%,e kgs a nmolar silicato alumina ratio of from

15he eedlze H-te ecdilyis v gitoblOast Opcdider. THE 2618%e Beta powder
rface area .of 5 or nore, preferably 670 Hﬁlg

00 n2/
prefer%f?’lyhrbqnépnsg@ 8#h\§t.mées§ aptr@etglarlxi@p_; gepreipreferglaly désgditan 0.02
wt.% MO AR08 bl hYsilita foSuBh&h ?ﬁtfoe%eﬁ«%}'l ﬁg)fo EQ(Z é)ﬁgfg)%lbb} %ﬂ‘f‘r?g to 25;

powd’er wi th an 1 norgani ¢ oxXl er
and hasi4 sugface gtieh o 80Gindig ovagoreyprefesdbly 670 M2RGeWidrbNg Cl ays.
referr i norgani ¢ binder is alumna. The
cd %p%gpggtﬁ &aqy used as a catalyst, but generally it is preferred to mix the

zeolite powder with an inorganic oxide binder such as alumina, silica, silica/alumina, or

naturally occurring clays. A preferred inorganic binder is alumina, The catalyst/binder



5 WO 2006/ 086362 PCTI US2006/ 004235 m xture preferably
is forned into particles having substantially

n
WPR0PH/98632| udi ng but not necessarily limnted t]%p’lny820061004235

spherical forns, tablet forns, cylindrical forns,
mul ti-1 obed cylindrical forms, cylindrical rings, and

..their
i BT 0 FRRBH 00 pHBll YU BHEAIRANT gy FIBL g b o
neces@ﬁﬁl@;llimw 16 @pidricakEfoams, Jalsled forms eyhnd:ﬂmhfdrm; mﬁltxzbbbd te
beta to render. the resulting partigl eﬁ atal ytically

cylindraqal famsgeylingdprsl ringgcand dhelr Garrespanding TR r om
oM hertih ot patiAEolsfist E‘gtﬁlg‘eﬁiéiﬁa*%ﬁﬁ%?ﬁﬁgr pifee
5 suffidier Iqlnﬁxﬂltwa] %écﬂ?e ?ﬁa to/rrtetn&ﬁrzth@i'ersuhng ehuiclds as:atafymally hative.
., J ot we e ca S o, SUILt abl e
Smtaﬁﬁrnﬁ*@rcerab%r wﬁelar F%P%S%H RN %b e FERlte F?rar s,
\l}t frbm 100kt 9386 98 IR1% k¥olitd Beth) dVieh @itbrk eprPan}%m 60 wt.% to 90

'abl'e from Zeol'yst International. a preferred
wt.%eebiidibetanbased bp thestotal m@h@pﬁthoa:at;bgstpamglnpr i ses

h;%{;%g f,r;%?rgx}%p {gla% ijﬁe eo!l' ug is not necessarily
10 lmrtwﬁf@VWaeﬂmwmﬁtZeogemﬂtérﬁath@ha powder used to form
the extrudates referably has the follow ng neral Iy

prispareiorsd embodigsnt. the 750bta hetrenialuyt comppises xEadaigg 20

ot . B YR YN S0 bbb

preferad enhbodintent, tzbslite bbﬁalmmdesuied\te farhetht ekiradatespreferabiyahas the

ropertiges: Extrudate Properties Average Length, mm
following geperally PIAPERtIESe Di ameter, nm 1.62 mm Crush
15 Strength (anvil), Ib/rrm3.0|b/rrm Conpact ed Bul k

colitEiSBdty Powié | b/ft3 Surface Area, nR2/g 550
oo &{og‘gﬁoﬂf’%&&g AN (LOn*, %wt 2.8% 30 *dried at

a_nost erred enbodi nent, "t he extrudates

MOIaE cf!t% ‘Enrnr"‘ﬁ%‘é ng an average length of from
(9 verage di anmeter of fromO0.5 mm

20 to8mn A preferred average dianmeter is 1.6 mm
In a preferred embodiment, the extrudates have the following general properties:
Extrudate Properties
Average Length, mm 4.2 mm

25  Average Diameter, mm 1.62 mm
Crush Strength (anvil), Ib/mm 3.0 ib/mm
Compacted Bulk Density, 1b/ft3 27.5 Ib/fi3
Surface Area, m2/g 550 m2/g
Loss on ignition (LOIY*, % wi 2.8%

30  *dried at 700 °C

In a most preferred embodiment, the extrudates comprise cylinders having an average
length of from 3.0 mm to 8 mm, and an average diameter of from 0.5 mm fo 8 mm. A
preferred average diameter is 1.6 mm.
35 The Aromatic Hydrocarbon
Although the method is particularly useful when the alkylation agent is used to
alkylate benzene, substituted benzene also may be alkylated using the method. Suitable
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35 The Aromatic Hydrocarbon Although the nethod is

articularly useful when the al kylation agent is used
00¢{036442at ¢ benzene, substituted benzene al soPGHYSHE6/004235

al kyaated using the nethod. Suitable 6 WD 2006/ 086362

PCT/ US2006/ 004235 substituted benzene conpri ses one

substsf{RereB Cobis Har EF ok ABER R R SbcsHf jufbete Wit the
procdi@BioR 0F pemarily sasAlkated atutiic coupotnd. vandxampledluies,

but is not necessarily limted_ tao hydroxyl groups.
substijpsats nglndgs, bubismohnecessayidy 1@@&%%%@% grawps.pMixtures of

eyl edstream suitably conprises
mm@@%ﬁéﬁ?en%g!%&%é?@g{e@ 98 wt. % or nor Z\, m)nPe
prfedenbine fe@isutatienitablp comindsez Of avt.24 sr there prefablyBe wi.%
gas chronmat ogr aphi anal ysis. The, remai nder sujt abl ]
or QB TpPBSeTBIL S Bt g TBPITnEGRE RS Jehisurad hysgas chr matdgraphic
analyRisS TRE Ath¥ind /<RI BYBBE LR M helRERFC N Rer TRRY ds!Skeferably

processes, such as aromatics reformng and _ benzene
from esrventivnad benZEne mapefagfuriniyprocesses, snoh g$ atoimatics reforming and

essential Iy, of' is. not intended to exgl.ude .trace
venai bt Kpe e o Bl o el iR df foLbleRaSi to
exclulib !&ﬁé&hn}?ﬂ@ﬁi@@ estadeh sudiSire@he U RoWe Mﬁﬁﬁﬁjﬂ&ﬁﬂmak of
MGaw H Il (3rd Ed. 2003%, I ncor porat ed herein by
Petrolespre Refining Provesses i rarawn HilhGed £d; ipgorpenateg hegpin by
referéh%gp” ses propylene and |inear butene(s), which are
aval lable 15 froma variety of sources. Suitable

The AlkpRéinpWgeies are sel ected fromthe group consisting

of  butene-1, trans-2-buteng, cis-2-butene,. and .

mi M plodatingaesat compriseepropylene pod, asar Biteee(a): i"‘a“"h are available
from BvaHes %T%ﬁr%fk‘? guﬂéﬂlg finéat vateabd AR sElettb® Mo tﬁé?&cﬁipycoﬁéisﬁng of

sourcés, i1 ncluding but not necessarily Timted'to
butenBelp tranSRduiterist yis Catndene, hmd mixinees drared. Snprofirred dinear Yntene is

| ati agent..preferably. js froma.l.4..to.a 4:1 .

trams e, PRI A 2 el o R s i Bt ppossgrity
limitélftﬁfSébﬁlSE@cihEy Gasges| e ?fef&%ﬂmﬁ&ﬁmbﬂymm@@ﬁ&mtor

| ess, i sobutyl ene preferably 500 ppmor |ess
preferabbpisiprend 4 v 1 mrodardiiens §f propylensio dineqrdudene(s).

[ i I '

| R to s 0Ees SARLER g 2O Mok Py oDl e,
prefetnbtyy$ G g pr edsiisbbutyiene more préferatilyf FlOqp ot lesssisplartpleree.

f t he .desired s-hutyl at.ed d LT | kyl at i
Loweg GOMERE of OBV e 3 e A e (R B Ogep PP OF B
butyialek iRRict, Ridl RAPEMieoult BcftaR!tid Hfdodieal @Eﬁtglfa)t/ed product.

or alkynes I's 500 ppmor” less, nore prefera

pprheatkylating agenttypically eoraprises s00e panes; diodefins, and alkynes.

Prefelgby, WG mUL SRR ARy driinaRs D HR brief nafgbleiily 200
ppm &Mess) noef p@ib@dlﬂ? 10PBHA or &6/ Ofclspsediibetsacttas dyclopeoragednd

Is 1000 ppmor less, nore preferably 300 ppmor |ess,

cyclohpigne, ajgoapay bppspsendmn hedeesk Brefsmbly, the amount of cyclopropane

and/or cyclobutane in the feed 1s 1000 ppm or less, more preferably 300 ppm or less, most

)

C

preferably 100 ppm or less.
The Alkylation Process

Various types of reactors may be used in the process. For example, the process may

be carried out in batchwise fashion by adding the catalyst and aromatic feedstock fo a
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30 The Al kyl ation Process Various types of reactors

may be used in the process. For exanple, the process
WRRP06/$632ar ri ed out in batchw se fashi on by adBiH§SIMe004235

catal yst and aromatic feedstock to a 7 WO 2006/ 086362

PCT/ US2006/ 004235 stirred autocl ave, heating to

surbPARbUR hEAREIB A fon BRbeiR el wfby Athadlfe otetnic or

polyatkyteséreatid feadstookay Hwat Rarstsr| falieehay BE efttilafel qaﬂoaglfﬁie j&dket of
(0]

the autoclave, or a g’gndenser may be provided,

the & PhAcondgrsepmay bsproadeda tremova the heat of waetinnand maintain
f i. n. .
2 cohstif i ebifre. THE pRIcBGEAR by B EYrAR BER BRI diftiufion mode.
See Msllgsramm 5,3@52)35; ?627,5%;35221%;5 g,ag%géz;mmhs,ssfs;
’ | . , , ; , . ) ; s , ; . eac (0]
5 20150 PR 4SSt B e B e,
S C BhieisOld fldukipihl ﬁ{oeé‘s@és%ﬁgy %P%l\f\)?'ﬁ&’i b%p}é&&ﬁﬂo €ting in an
p or down a

react or operatlng In gn ow node Or
upfleyp of depvmitaw mede oo s nupinghddrgactdt dpecaingwitlecdneotrent or

| d h bon flows. . Th
courfiiHl S g TDbrichon it Srec Thos® Eehotiry weyisaniein a sngle
catalyatibied pt mudtile batakystirds aﬁ’d‘ﬁlg?iw eR@pHstHioP BRAnfeRitade Ridition of

i nt er st a%e addition of o ns and interstage
olefipg,u1d; igtsrstagercoplingginterstags plefin aidition andithoneneariydsathgrmal

ARt I j . Drpduct qual ity an :
oper Al DELSE o ARER DBy FENRHATE R o posi
the comtenuous tanmvalisf spenoatdlys forapgeteraidhahd $épladeent by fresh or

i,on and replacenent by fresh or regenerated

re re?qe$er€1tt
BENELFET SAURYSIS 5 | n a preferred enbodi ment, the
al 10y frbiepred RiBe8RTenk ' 5 b iti
ar_ormlfkigc f eedst ock i’ﬁhgfﬂk?lggg?ﬁﬁgwsz% g%rggaogr‘gﬁlérgé%fl% of
arompliefeedstpek inips laagiworstagss.Prefurably there ikl be owo bemottasalyst

[ 183, erein.at .least a portion of .the. arqmati
beds BB scAC Rl L BES bl U oyt BB B
betweanetht catalystl beile b teagiorse delerstpeBBlREMAT B 'i@édzﬁﬂh%ﬂe@ﬂy the use
use, of a cogoling coil or heat exchanger.” 20 For -

th
of a coglingrpiborcheat e¥ebapgsict ors may sometines be referred to
n " - b h
aspor ¢QhveTAce, ﬂ{bqe:%%rﬁ’? gglsrggrﬂgﬁmég lﬂe?%f@g%n% ?og%!s?ggpﬁl%sl’ 2% the

reactor nmay be re to as a
produggstesammreduced by the rewtartnoay errefelred temal ‘@blupimaiiesih. "R eference
co duct ,shoul d_not be construed as

| |
to thercigror e reetorn PodHoP 45,7 ol GLColma prodiesBowld Fot ha pengirucd as
limitihgaeichiims t e BldoflafaltRUIPTPESF ALYy, I S conduct ed usi ng

a_fixed bed reactor operating under at 25 [|east
paheiaditylatiogunreferabiisis condinted using a fiked best rabctbr eperating under at

least é%rﬁglg%fugd {’lg‘}sé Pgl\ll\cglllcl); slt algxr%rt%tiglz 1(51.{1% ?%g.?aée %’/atgé Fb{?{}a’%g'% %'/olr;lr 40
g/hr to 800 ghir figr 25 wtbes]. weight OF dedlité Beta PR ik I@ling lﬁﬁ&a&r. qn order to

. partial liquid phase and to m nim ze skeletal
mmﬂtﬁ@&&é@?ﬂ?&ﬂaﬁf&# liguid phase and inmisvimize skelotal isometigatiment tinkar

buten QPR TH e BruRRbAREL bRt FERE VIS iR el

100 °Cto b1C, prafembiybit fromt 110 Wnol B °C, hidst preferably at from 120 °C to

140°C. The pressure in the reaction vessel will vary with the temperature, but generally is

from 250 psig to 350 psig, preferably from 270 psig to 325 psig.
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30 140 C. The pressure in the reaction vessel wl|
vary wiwth the tenperature, but generally is from 250
WESK0B6/48836350 psi g, preferably from 270 prig to BEHUS2006/004235

psig. 8 WD 2006/ 086362 PCT/ US2006/ 004235 The desired
| evel of conversion may vary. The process preferably

PR PR B0 PR sl LR e Bt o
achie98 5% drmdre] Frefebdbl e 95% @t nire xabd1R ppéforil 9986 an thars, mewst

butene(s). Although propyl ene and |inear butene(s)
prefegably %%g%mfmrp@anvqﬁﬂe% gggnth@r?gyl@e@ua#pparMW(s}-i el d,

h M . -
or- SElef Ehputdae enf 16 YRSRE] Ll e ERRBALEM BLEly

quantitative viekiathelpeleetivifysio ths rashective mydnealkyiatealgroduagte diffierse Lse of
l.ess.th t he prqjected total les.of di- and.tri-

a comfiRafion i PreReneiFei Loge TR0 a8 e RarEcAg i Rigrices loss than

the pﬂii)éﬁ?é& o8 nfdfiesCitasl Jn!dctﬂsaﬂc?f bRtk pkAi Otpgpx%fduct predicted under a
propyl ene: l1 near butene(s) of froml1l:4 7o 4:1, the

givenseb cbawmidjfions.u Ad sucdr riteessaf propl¢nesleapbuéna(gisifyram 1:4 to 4:1,

| east 20% | ess ref er ahl t o] gast 30% |.e
the DICRAR NEoRR 8 8 AP A G e iora it Baet 0o, REE pnofe Bleripiily o
least B6%2643RarPBE pid)eete tofdl Asb1ed ofifi eidoirie dikyTéizeidsed 1 0@
conditions, as shown in Fig. 1. Stated another way,

prodych predictrdeundep thedivansconditions; agishgwva & Bigel-but yI benzene

of %0 % of: Coect )

8BS LS B P 1 AP B o ot ot
morepprefpdbly 09Wsranop) mbe pabieyabBy 99.6% oranere, i seleotieitgio cumene
nfigurati ons A_nunmber of configurations for running

°f95f92%”ﬁ e Relergbly 974rF MP¥hout a transal kyl ator are

ProcR€Cbat&latidhs Fi gures 2-9, which are flow diagranms of
variations on the process in which various reactors

ar & nuspetfednBgiriginne for riimjog the ppocSssiwigh otd withqub g transalkylator

.Qcess..confiqurations,in. . which transal kyl ator i. .
are i ARTRYIESE: 59 WRch AN hoT gl of v PReoxlihe By 1 pbich
variol @udtersare depivysd Rbok&nzene and al kyl ati ng agent are

fed to an alkylator 202. Fresh_benzene, which may

i iaggeR2-Seient giprocess sonfignrationn g which 2 iesalniaferis geed in
para]ﬁfﬁrﬁﬁ‘%aﬁ&la&;r' i ght ends columm 204. Light ends and
wat er are”purged, leaving a |light ends colum stream

wikeftaring té Bgtute®, seclyelad berzenoindaiicdfithg agtmard fed to an glkdator

202 SEBERE SELAT 3y B2 o BOSEAL By ABE gseen
to a i 4HAB c8lBRm 204 € EY%hF EndB aB8 RARD Al ReviReR Egﬁlﬁennﬂ@g%lisﬂin

stream which is Ted to the al kyl benzene co

streamypwbigh i@ﬁed\}aeajbﬂ;@nmwmsmﬁa | fiNé@ teddo ﬂrqune cglugyy is the
0 . _ |
s DR TR sl et s R oy ' b ¥gn 206,

leavilieBe@Renccddpliial beddéhe colRimnti SGafl Fhich iDfed @b fhe alkiyl Behzene column
di al kyl benzene colum 210, and_the dial kyl benzene 30
208. Mamoaliey

( lateddbeprans is eoileeted frpm the alikykhergamgcalunm08 a5 dingl
prodd@t,tlghvﬁﬁeanraﬁ@f ¥&i: O0as Qﬁea&ﬁ,%&ﬂ‘ig fed to a dialkyl benzene colunm

210. Heavies are removed from the dialkyl benzene columm 210, and the dialkyl benzene
cohumn stream is fed to the fransalkylator 212, along with the recovered benzene from the
benzene cohunn 206. In the transalkylator 212, an alkyl group from a molecule of multialkyl
benzene, preferably dialkyl benzene, is used to transalkylate a virgin benzene molecule and to
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benzene columm 206. In the transal kyl ator 212, an
alkg group froma nolecule of nultial kyl benzene,

wErd #2y di al kyl benzene, is used to transalKI/H$06004235
virgin benzene nolecule and to 9 WO 2006/ 086362
PCT/ US2006/ 004235 produce a transal kyl ati on product
stream ris] SXGE ben e oal a
produi SRR Rh BiodderSHRER EpdRR SRR ST A bR A icRb i dte
benzend molne. MR RN SAtyITdn206am I 64 tEthd bertzefie éd}ﬁm doggr am
of _a process which reduces equi pnent cost

e Fignra 3 ds alow disgram ofn proerss W@tﬂhaﬁéuceszwnmmtp‘gqﬁ p¥ ebipinating

th g Al RO TP ors ) O] o RSl rle S B e fed

from theallsltordi02 el yeithcthé iy bt podudt dircetty (B8 benZéne chlught 206,
e e e e e G T s et
from 8 Dedfent aﬂmﬁﬂx 3&? ?édliﬁ tod 2L, bﬂ{ézb%ﬂfen% Sglﬂﬂilﬁhsgeam is

streamis tot y enzene col um
fed torthealkyldenzeapé colnem@P08c &'hs ransaindee oftheprawsssdethesate ds described
with r ect to Figure 2. 10 Figure 4 is a flow
mmr&?pgﬁtrtﬁﬁéfe ‘he process using an al kyI ate splitter

C Gkt 4 sl Hov BiakRinbof tBEPREELIRSg ak GG REEplifterRORIAT214. Tn this

fromthe benzene colum 206 is fed to t he al kyl at or

embodigrent, benzsneyreap vanedsfrom|tha bangenegotmn 20648 fedde thealleylater 202,

om0 ok S A 5 B Pl 16 i

ends dolhghi 264 dsightendsimdawatet &€ phigedin e tight eﬁ@d ¢iﬂii1n1$ ticedelipht ends
fed to. an al kyl ate sp itter colum_ 214.

columpn, srpargisied i %ﬂkm eapgl&mnsZ ﬁea"hiﬁra?%aﬂw@oaﬁm@léo is fed
ttEP(llo‘MHi‘n %}S’lﬁ’cte;z‘ t
tothes%gélyllaﬁﬁih col um 214 |s separ ate In o a %I}eﬂr]rﬁl2€i41$

separated atd alightethmatéridl,swhicldistfed toltbe bazemmhguh a@marznﬂmvﬁdr a

I e e
dialky BAERACCHIRhH 210, 248 the&ﬁﬂkjdhﬁnﬁﬂn@ ehdthmneeza likﬁfeﬁ@i fham

streamis fed to the transal kylator 212. Recovered

transaﬁ@fﬂﬁ;!@r?é% Repagratrbspzangds fod foaniie benzgagcaomn 286 ththe 20
t
%ﬁett eo}%romt e gze&n‘? ﬁ%@@%kﬂé&ﬂ?@%ﬁﬁ%ﬁﬁ H‘?lgmm

206. a fl ow di agram of the process using a d| vi ded wal |
um_216_in Iace a) the henze ol umm
RIS K ay BeRFbordhe probih wsins 2 Shded el ausiEn af inggce of:
@ th@i%ﬁé&{b%oh&ﬂi 28] (l?)% alk{l Yeftiehe %Hfﬁﬁﬁ’a'mnénd {5 ﬁié‘“duﬁﬂyl benzene

benzene and al kyI ating agent are fed to an

columal 19| &n this @dwdimendsicystadienzenewhd alkiylatiyg dgeot ardéecttorm

alky ol 2051 P b et ot g oras Rorind Bl Rg vt e
aJkylaIEBd ct 1 4 Mgt bhdiblungNEHE, CQkH BRdPaRM Wer ai'@ﬁ&gétﬂﬂrthé Bght

to the ivided wall colum 216. Heavies are

ends wém the remmdtvémcfp@ foctbe dixader weadl| cotranp . Haqwics preapmoved
from ﬁ%: S ut gl i ?ﬂ}fﬁlﬁ]\ﬂ%m%néaﬁ?%& ?%%We?ed as a separate

reamfrom enzene

streant ﬁomwm éidided musasmnmm Hen s fcﬁéﬂei‘éﬁﬁs&&eﬁhrm @@éhm from the
wal | | um andfedtothetransalklator 212.

dmdqgmrqﬂ yyn grdsied fihs dpsnlkeiiatey Zd2e Mulfialkylated benzenes also are
recovered as a separate stream from the divided wall column 216 and fed to the transaikylator

212.

10
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recovered as a separate streamfromthe divided wal

colum 216 and fed to the transal kylator 212. 10 WD
WORIRGRGET62 PCT/ US2006/ 004235 Fi gures 6- 8 depPEE/US2006/004235

procedures in which there either is no transal kyl at or

212, there is a conbined al kylator/transal kyl ator 218

Fi : ] 2 runs in rie .
i ¢ PSSR AaER T iR i fdier A0S Tigy there s
combived pliylatgAranselloyiiital 2 181(Bigt 8)p btk shaille/ata A 2iriind 18 series with the
ri% with 5 the alkylator 202. In this enbodi nment,
alky%?(f&?l gti ng agent and the transal kyl ator streamare fed
t OFid & i [ tesh . |
ponsoney s e digrant Bt the bRcedt it b the HeRRILA 310 b erics wit

the allgfatord{]. W this emmjxpalngaamymm]gt dgend dng hlhef 1@31@?1(521@10&; BfeagDdte fed
to t Byt 2850 he SRR oF Receiking, sk BEen e fe to b lighs 6ads columm
204. L . | T. g4 I
04.cloiphtrende st whteserb Bulsb®irl hanss (egﬂ &1 %@% g}dat@gn Ui column.

rm,ncfgai kyl at ed benzene produ are w
streamjg feqd ey benzeang eplama @06 BerBas ismebveted foawthiebiengene column and

fod QB R 2 T e onehlioled PbpriaiodeiP)gY witbdravn
fromiiisnalleyldenzeng ooludh®08 26 the féﬁaaﬂ:hﬁ’% B&ize%ﬁﬁ&?stfé%ﬂ’igﬁed to the
amis fed to_the transal kylator 212, along w't

. aSIle
Wﬁ@%&&%&wl%éﬁs&% aferempYadeiane theatialkyl benaane 2616mn 210, and

e By oo ST il 5 A v

benzgii feom herbenzene celonme06d The transaikglalion BRREER Fod O HORKARGT 202,
[ SFi%&?rg:f'o tﬂhe Igg%/rlea}or 202 along with al kylatin
agent. ‘Thé 8?"1{@? el2 pracedise i whighpenzenesgcovsredigom the
benzduoe \ | x
e over 64 1 ot he LG dohel SULAREERS The allgpper

recovered fromthe

colump streamis fed to the tengaligylolor B2, hlong mathstdlkyllbah:aene sdcHe@ed from the
. i 0 4. .L. t d d t
i e B SN Ko O e

. pur
light ensls woinmet20da it cidsdint vatdp aroiRAZRANA 1RAMFBLRWBlund 4e@the light
S

t he benzene 20 columm stream i

ends (GHGRY Setrs i thtesam cobmnAtoddte resevar s banaene, ihe benzene
colunireifexiads feﬂ@@ﬂiel'ﬁﬁ(y%ehléng cBREAEIR ‘i-?ggc eax%?r?srg?fe{&? e alkyl

final al kél benzene product Is coll

benzege polhme 2P ,][ﬂa,ad tb&)ﬁlmhnlkgl_be?zkeﬁ? proaisbtyis b@ir&iﬁﬂ @roﬁgﬂilg dlkylbenzene
t a 0 the di X nzene, col umMm .
colury 08T 3R i fiesHas B3 e Risgoubeegs cabemn 2k

Heavienira semovedead thérebting Sialleoe is feo 162
igure 8 is a flow diagram of a procedure using an
trans %}q
t

-

T41ér / t r ansal kyl ator 218. Benzene recovered from
PRuhe 6 is.fed to the alkylatar/
transa i;sy} atvgirﬂag%gl &%ngﬁcgedwet%%la?fﬁﬂ’??t?fém&ééhm&ﬁ%m
Benzegip gdckydred romahebdnzarns dohentl208 i Yd R ARFaeH 14144 or 218
alon {%&Ee@%kaﬁ’ the al kyl at or/transal kyl ator” 218 conpri ses

E PG 2 § dgenh g dialiybbamgenedm ihegliallgyl benzsine celubmt210.
Generhl®/, tHERINOAMEYirdHs] nd_one bed conpri sing .

_ ??gnsal Kyl att%%%hlgg!ta%wgf %E%%ﬁ%oe?@ﬁﬁ%ﬁ&kweﬁ)@d’owgs‘ng
zeolite beta fpeionvalkyletion ofdbenizetie,ainkl whe BaN@®RRHsig tRmSalkylation catalyst. -
Benzehd M8 6 B9 2000itd Ot -

enzene is ated by the zeolite befa, and dialkyl benzene(s) are transalkylated by the
second catalyst bed. Suitable catalyst for transalkylation include, but are not necessarily

limited to large pore zeolites (preferably having an average pore diameter of 7A or more,

11
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second catal yst bed. Suitable catalyst for
transal kyl ati on i nclude, but are not necessaril
WO 4883620 | arge pore zeolites (preferably hav?%ﬁ”%’ﬂ“ﬁm‘””
average pore dianeter of 7A or nore, 11 WO
2006/ 086362 PCT/ US2006/ 004235 nore preferably nore

more RS 720, SRR AR b el g e
phospheeit ktidsandrsalfudedoid. Bets zéolitsautd depfid forngmshiliyladig & dnd tri-
but do not work as . wel] in

isopromsA hEHBNS, bR d0 APt iork R w el peA A dippebuyibgppenss. Preferred
| ' i: d lid
transdICHIRE el Rl 08 SBbBe i o fpsbrbfichdic 20° BO1LA
alFuythet refetfingtoFigucy B athe alkghtositransatkviatok, sirebmnigfed) dldmg with
h , .t | i.ght_.end | 204. Light
e e T i L1, B B AL St s
colunk 804 dn@lthe B SndiQUotih sHehR38Ted%o fiRbehsbrk REIRBIVIBN Benzene is

columm 206. Benzene 1s recovered fromthe benzene
recovexrs drem the eracue éadumn 306 had Gl ite the atlylaton'ttansalkiigton 1. The

remaif i bt K5p GERTR A0 it R (o8 aleHipetiRrR S 58 208, TR BSlene
alkyllith@éeGrodust & eehved fonPihe alk§ithient RERERITEDSS AP rediining

and the renminin al k){l benzene streamis fed to the

atkylbrpagneyireas is o to the Hialley! bagena godwie 316 r Beavissswargmovethfrom the
i L O BN 0y i b

alkyladityinadibylator 218 al kyl at or 218. Figure 9 is a flow
di_agram.of _.a procedure which does not use a
¢ HaghegP) 154 S diagram of qqpm&ﬁsi%wc% Aeesdd use ansalkylaigr 212. In

- t -
i AR RS L O, PSS T o e

alkylajondpRa Generalhp, thostlaylator202 somnpriscsitwostatalyst bedsoore ted gomprising

. | Si lite beta fo nQal kyl.ati on o .
zeoti B8 EordhoraliS ion pEbrte s, PR ont = Fombrifs Fepliylaion catalyst.
C athelafiglatorthdsadk Katbpstaeaimlis &5 by with Gesis béRaws, ta figl ends
al ong wiith fresh benzene, to a |1 ght ends col unn 204.

. . 04
column 74 Light sodarrand eted areimissqs in deedabh endseofunghaOdeamgd he light ends
un&@h%ﬁﬂ' S MO esda,

col to t e%%éégﬁg b%%%ﬂh%&%géﬁgeﬁgﬁgggs reglc?\l}er ed ?’gﬁrﬁ% fle
colunm206md thertenzaie coiunftOfreamds felddo thenfiottenzalewotunst 208a Heavies

is fed h | kyl benzenge col um 8. ayies are
are et i i il e e 8 et on e el Do Galymn
208. fromthe al kyl benzene columm 208. Modifications may

be made to the foregoing enbodi nents, including but

nddodificatienewgynbe mpde forthe Guegoing debddihewindudimebitant

necesfily ARt BB, cBplad i tednBc K Gl s fior
and/oc@insaikslator dthObénzomyis Bet tU6 et d Ofen dblnthnefedcioes ﬁgﬁbé fised
of the, feeds. For exa%g, a colum may bekfalpace

dependme gidhe quality ofdhe fogds. REnploe whEne may Be piacedbaiwemn the

oLy 260 gh 0 N En SRR Ko Syl s oo
muchetHyldne ivethe slefindeed, or if v mhdiydtiafiare i9matibin (B0 alkylator or the
The r ec§cl e benzene may be provi ded

LKyl at or ,
ﬁans%?qﬁngrg TE’)E/F%@%%@P@?HF gy 9 yvRgediwith a purge stream to prevent the

build-up of nonaromatics, which may be formed in the reactors (e.g., propylene dimer) or

12
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bui | d-up of nonaromatics, which may be forned in the
reactors (e.g., propylene diner) or 12 WO 2006/ 086362

WORPPURSSI6/ 004235 present in the fresh benzenBC/ESH06/004235

met hyl pentanes). And, the benzene and/or ol efin feeds
may be treated to renove deleterious inpurities. The

A0 '
preself S RpchRaiE e b ot pebtilen)? AN 18 B bl Bleti oot
may bstreaetienanove deldterivue hapuritieer eases, the catal yst

ot R s RS S B o
the zES1itD Vet Shd Rt UG Joﬁgﬁ'gl‘coﬁ%fﬁé?éhc?tde@eﬁéé@,t #he c% ittty be

usi ng oxygen containing gas streans, = sucC s alr or
replaced/graegeticlaitd R egenanationogeaarally énatsomplistiedrtyitiop bydrogen stripping
reagents are store r conditians whi ch avoi

or by GATHIITE RetnErToN A cley A PP B E HIBE PRUF Coptpgting gas streamms,

suchﬁﬁg%f‘f)@g%glglﬂﬁieﬁriﬁﬁi&ﬂk@ﬁbl&ﬂ% nitrogen and transferred
y

di rect to the réactor to avoid an

c ofrefamabiatthoreagamte argstired wedes coxditionsyehioh avoid centamynation. In

nderstoqd wi.th reference.to.the follow n g
a proffeBic Bl e FERRPUUE Aindy R e By pis Y ap O RR R irect
to the€rastor toeflobarly dBntanfifiatidie cl ai ms.  CONDI TI ONS :
Al kyl ation tests were perfornmed using m xtures of

pr Bisanphisationgvillhe more ceaglyiunderstood yeth redprensg to therflgBewing
i no | i t OF,i .
exenBl QTR H ARG orB I BERGRE E EnehiiE BPREINR fic claims,
CONDITIOMBNg exanpl es was CP 814E, a zeolite beta powder
copprising zeolite in the. hydrogen form. co rciall
oA lifion Yesfaraeryeed FREIIIRD ALProPYisae 204 tatjous olefis
havi bt ERbALHBmB B thd HAwirlk ﬁﬁ&&%s‘&ﬂnﬁﬁeﬁﬁ@' es had
the 20 followi ng properties:” Na20, %w 0.02% Mol ar

Catalgst| i ca to Alumina ratio 21.2 Surface Area, n2/g 670
e T R s e
beta powder esinptisiap @solita v thg hivtifgbe fdrM)comneraaity ivailable from Zeolyst
ieriyonal o SaLAIGghR el et hel iU OPBAE s i o

fouo‘grmeggf’;igﬁ%%@ggg Eg/nzl UI:C] I b{%]:f/\f 378?@' b/ft Surface

Na; 0O, % wt 0.02%
Molar Silica to Alumina ratio 21.2
Surface Area, m*/g 670 m*/g

A mixture of 80 wt.% zeolite beta powder and 20 wt.% alumina binder was formed
and extruded to form extrudates having the following properties:

Average Length, mm 4.2 mm
Average Diameter, mm 1.62 mm
Crush Strength (anvil), ib/mm 3.0 Ib/mm
Compacted Bulk Density, Ib/ft® 27.5 Io/f?
Surface Area, m%/g 550 m%/g
LOL % wt 2.8%

The catalyst used in the following examples was in the form of cylinders having an average
diameter of 1.6 mm. The product is available from Zeolyst International under the name
CP786.
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The catal yst used in the follow ng exanples was in the
formof cylinders having an average 35 dianeter of
WO 806198636fhe product is avail abl e from Zeol yst PCT/US2006/004235
I nternational under the nane CP786. 13 WD 2006/ 086362
PCT/ US2006/ 004235 Reagent Benzene was obtai ned from
R Al drich Chem cal Conpany while propyl ene and butenes
—E@g@t—?ans-z-butene or isobutylene) were obtained from
SeRhEensResl odtdiNed oA ldiieChermirgbOompawy whild propylcne aed

dry nitrogen and transferred directly to fhe reactor
butenes tmaﬂcbu%@emwbw@e? yite qbiype WWW% (Fascs. The
sl B Ul B SESA o Bl A Wionsor 0 avoi

contafigktion. f our carbon atons was constructed to operate in
a downflow, Ijquid filled node. In each experinent,
atony Allg/lation Microreaclast o) ef i n(s) were punped into the

r i . fadSirfe th aRViafioBeEbEMBndWith oS $idviag three
I?ggfl%ﬁﬁe%%ﬂg({r%grd?ﬂ%y (HPEC) punp. The ol efin and &

and/ob 6z easbon atomawas comsirudiethtoaiperaieth 2 dowelloy, ligwid fitletbmode. In

cnch S5ieinin 8ok ahF LR 5H Sl R pfAa o3 s e i
of a FRGKIMAR Vﬁr&sisufbhﬁ%lg@%lgﬁ%%@g@hmm; pum@aThe olgfin Eidbenzene

reactor tube was 27 1 nches) |ong anwd, a
mixtire 4s then@llowed towsayt ovsr theaeidicizeniita keta eatylyet af thedesized
react] 0. glfls .'gn'?sh) i nner dianeter. A thernmowell running up
actpf eOndUCY s of the reactor tube was connected at the
b orHeaBadiér tibewaeaatioof 3THSS mkequippediwithéifs8% heads to minmize

IS W T I T
outerf_I i %@Pzﬁqulﬁ’ﬁ‘éﬁr 0/48G8cH) Porfel d{adibrdrNA herhRR@ réngi@f @p the

erg furnace s uséd to heat the reactor tube. 20
centeADS the reactdritulny Whecanpedtdat thebettom péthgasacierd The Higrgowell

oduct s were anal yzed usin .
nous L 88518 ARy R Rl Mo SO PR @Rk et 7
evenlUphRApositiRERiside therantantbe (ANRYS chh@4rincntiong, Wezone
oaded fromthe bottom A small anount of glass wool

Lindbae figmageswes uspd to hopb theyeasieon®bs and pushed down the
le 2 . _
oo ind GE S i, BEGaGinE hiphil BBl 36 shidfocddbing gos
chrothategeghy (GC),eas dadnmtaraphyamass ispentroacupyt(BE-Ms) aod npelawr
four Iin the r zone furnace. After the 20 nesh SiC
magnfhe I¢squIeg, her small plug of glass wool was

a ch Qo' RhlichHQ Pbikx thébRtoRe.CA sthalliQin®dun®bf PassOvadlavas placed

of zeolite beta catal yst was divided into four equal

over ffarthernwve:lvndequishadedawn thhﬂwgﬂpoféthg sibe. heied of sidicop garhsie (20
mesbg'i(\av\fc’ag gﬁ{ie&,ﬁ;ﬁ&%ﬁ&@%&g Ig#?%s %ﬁtvlra%qga&%ﬁ, it ?és?de&%‘éa%e three and

the top of zone four in the four zone furnace. After the 20 mesh SiC was loaded, another

small piug of glass wool was added to hold the SiC in place. A total of 25.0 grams of
zeolite beta catalyst was divided into four equal parts and mixed evenly with an equal
weight of 60-80 mesh SiC. The four equal portions of catalyst and diluent were poured into
the reactor tube while it was gently tapped. After the catalyst/SiC mixture was loaded,
another piece of glass wool was inserted into the reactor. Enough 20 mesh SiC was then

added to nearly fill the reactor. The remaining void was filled with a final plug of glass
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30 the reactor tube while it was gently tapped. After

the catalyst/Si C m xture was | oaded, another piece of
W&IZQ%OWI was inserted into the reactor. Eno @%2006/004235

mesh SiC was then added to nearly fill the reactor.

The remaining void was filled with a final plug of

wooDA@RSHsmdlf} slﬁ@eamogﬁﬁg’tﬁl?snéf spacgﬁ{eq%u% oat’tﬂﬁgbm%% the

smal |, slotted, hollow rin
thermawekl gﬁayq:(bmtqﬁgi pribe tsstor tll’oe Ontﬁeﬁhmmtdr t&ﬁea\ymj)roperly filled,

e B M B o S350 e i

thetharﬁioa}eﬂlmfﬂwmaétbﬁ rrultl poi nt gut thernocoupl e was
.inserted into the thernowell of the reactor. 5

Microreactor Dpsration Cper at i on The reactor tube was placed in

{ o enRe R hs Bldoed B %a'?eewgf;@ Foffe Ampnsiia ¢
therméreupied sieee ﬂfeckéibﬁof pfdpéf ﬁn tHaAIdIRD FAREL S rresponding
The hi nged furnace door

.before Si f ur nace.
heah&ﬁé“%‘“—l%ﬁ%ig f’a‘ﬁ%@& e figggacy. 8@& finged é‘lvreme daor was pb:lwbmuljthe two

ki 53 DO S DB Pk v

fumdcp) Bhe rgadorowvad then gitqvhedytocthe friet andamtletrpxpﬁg’afmd&w&. in
owed nitrogen gas to be

th . N h t I
acti o San e ton hesd TR rafis T bl wiroa gt e suti o

reactbihduring! catatyst dr)BHf fotiy BRELaBdIR
bl ocked and E\T«é Ilruciml d faee%l V\r%gﬁxggd%egﬁtﬁ)gt e’ reactor
blocked gad ondy, wagaddesto dhameactoritube) Tivd rgadtor Sapmegpurized

f O I /h
o e S 45 Dt 5 oo
bed wasipaicdtois eed)fenmﬁﬁuatof Q4Mtlaﬂ£baﬁ§%ﬁt@$f HPE RELoEAE
owed. to equilibrate for 16 hours at 140C. The

aﬂ"w&g?%%}ﬂbfs%f"f %%‘Féﬂh’r"é’ (e Eheeqtalystbgd tasapersturedwas adjusted to
the dése8 téRflod RARREARLN rsgetﬁﬁ&ﬂnftgg ﬂ’f{ W}afeha?d %;f%rfﬁ% fe E)% éJaQ en

the reactor Was ssurize
pressyyizedslavelytsy ﬂ'@dpﬂmglm@SMéJymdpEHng ﬁleqm:stsh& diﬂﬂe dome regulator.

rhe U e Bl R i SRR v S

foed doaqﬁ)snmmma itlid 1eBcte isolidds R CaRIpId BEHGHS td"&‘étﬁnﬂﬁ@ﬂ' Led

to, determ ne the conversion and selectivity

ul a
conveggi9n e t&sbyarvarlyw of ahsliiesA cuihqdSCECROQINIS, IR etc). The
| tl
snoufls OF moHSSacARIALEs, Aoy PRofit LB i gnosush af plsfin

oligompéiis yore msaneeambpamntified. A0shrimant offthe syl S ETHR 6O fised
ions used during the testing is

| ation
dunn%{l]l h{’%ﬁﬂrﬁeﬁtﬁgf"g{i@&e b5 Table 1. Standard Aromatic
Al kyl ation Testing Conditions Tenperature: 100-150C
Pressure: 250-350 psig Reactor Design: Liquid phase,
Tablerjowtandand Aromatic Alkylation Testing Conditions

Temperature: 100-150°C

Pressure: 250-350 psig

Reactor Design: Liquid phase, Down flow
Total Liquid Feedrate: 40-200 g/Hr

Feedstock: 1-4 % wt

Olefin(s) in Benzene
Catalyst: 25 gof 1.6mm Cyl. CP 786
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15

20

30 Total Liquid Feedrate: 40-200 g/ H Feedstock: 1-4 %
w. Oefin(s) in Benzene Catalyst: 25 g of 1.6nmm Cyl.
WE2MHgEE636%5 15" Wo 2006/ 086362 PCT/ US2006/ 004235PCT/US2006/004235
Exanpl e 1 Reaction of Propylene with Benzene Benzene
and propyl ene were reacted over the CP 786 catal yst at
the conditions outline }', le 2. Conplete
conversion of the propyl observed. The results
of the 5 testiggaairoﬁ@n?%mdviﬂnfgai@j@h@ 2. The
prooduct obtai ned was found to contain a significant_,
angggencAndpropens Werpireastad Qvge thei (R A4 eatalystah thecomdiions
- - v I
outlifeih TA60: 9 Lonte B ericn S, Sitbylend wal bbiGAA, H¥ bsults of the
testing brelpibdpiid iarithbis/z Thepomiuci olained wias famdrto pyhtainensdgiificant
A-TIPB). 10 Table 2. kyl ati.on of nzene wth
amm'%f Bfg?rlé%op ﬁ’d’?%ﬁgm?ﬁnﬂék}ﬁz EXS @alﬁ?prw?%enzene, ({2-DB) 1,3
y , . s i It
di 150P%ﬁ?ot 3 béizdh& (1,808 B) Ghd 3 354i Jﬂ?ﬁ?ﬁ b@ﬂze%gf HDPB) 3hd evohisome

tal defin + BenZene Fee 151 Feedst oc
1,3,5tridgppremé perizene, (0305-TIPB)11 <0. 001*  Propyl ene,
(ol es/ 100) 0. 0287 Benzene, (w. O /0) 96.263 Cunene,

99 <0.QQL* 3.356 .1,3-DIPB (w. % <0.001* 0.022
Tabl{%’ﬂs@w@%&o‘%@y%wabf}rwlm (1 3, 5-/6TI PB (wt. %

<0.001*_ 0. 007 Conversion_of Propylene >99 9
Condiionsctj vity to Cunene 97.0 Total moles of di-_and

Timeton; Stysamp (hirs. Benzenes pr dd@ced/ 1 00y of product 0.00038

Temperdiine, (dep.eCY ed by GC 133

Operating Pressure, (psig) 291
Total Olefin + Benzene Feedrate, (g/Hr) 151

Feedstock Product
Propylene, (wt. %) 1.211 <0.001*
Propylene, (moles/100g) 0.0287 *
Benzene, (wt. %) 98.501 96.263
Cumene , {(wt. %) <0.001* 3.356
1,3-DIPB (wt. %) <0.001* 0.022
1,4-DIPB (wt. %) <0.001* 0.024
1,3,5-TIPB (wt. %) <0.001* 0.007
% Conversion of Propylene >99.9
% Selectivity to Cumene 97.0
Total moles of di- and tri-propyl
Benzenes produced / 100g of product 0,00038
* Not Detected by GC

Example 2

Reaction of Propvlene with Benzene
A higher concentration of propylene, (2.013 wt. %) than used in Exampie 1 was

reacted with benzene over the CP 786 catalyst at similar conditions outlined in Table 3.
Complete conversion of the propylene was observed. The results of the testing are
presented in Table 3. The product obtained was found to contain higher amounts of the di-

isopropyl benzenes isomers and 1,3,5-tri-isopropyl benzene.
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Exan'pl e 2 15 Reaction of Propylene with Benzene A

her concentratlon of propylene, (2.013 w. % than
&’s@ Sxanple | was reacted with benzene ovR¢TRW06/004235

CcP 786 catalyst at simlar conditions outlined in
Tabl e 3. Conplete conversion of the propyl ene vvasd
testing are presented in

Tab@%sﬁl@gnﬁgﬁgé H%bﬁgﬁ? 'fWZ?PeWas fgund to contain

hi-eher a""au H-s—ef—t-he—-di—20 ]C_r‘\lg_r "‘p‘," benzenes isoners
Co bﬁp 5-td-i-sopropyl henzenpe 16 WD 2006/ 086362
TWWS@F%(@VS()OA?BS Tahl e 0 Al kyl ation of Benzene with
| Temperafyys, édrg. €dndi ti ons  Ti nB32n Stream 160 Tem
Opereting BressureldpsiglC 132 erati n9@ressure, si) 290 Tot al
TotalDRfInA Berlbefig Pewi-Ate qgfde, 15351 Feedstock Product
Propyl en%‘eeﬁ%ck”/‘) Z%ﬁ 001 Propyl e,

z : e, .
PTOPﬁlmﬁé Lﬁlﬁéﬁ\/g&@?m 0:997@: 1 ; uomn,qq 1 ; 5-TIP
Benz;q}ELGM* 0. n??gz;ml/pr si nng‘%@%mnvl ene..>99.9 9%
Cumeye (%% ty t o Offne 95 548otal nol es of di- and
1,3-DIPB. Grlofw)l  Benzdd¥3 *pr oduc®@74 100 of product 0.00124
1,4-DIPRofwiDB¥)ect ed <4000B€ 5 Thep.pg3al noles of di- and tri-
1,3,50reBy{wiegzene «g¢re prodggh3(0. 00IZ4] 75 The dara
%Cmbﬁion‘ﬂfl’r&ﬂﬁeﬂé ght—end oggg'l'gne Y, andtte Udl.cl pUl it

%SC@&IW OI'Q Bneenu UI e %.4:xa||p|‘c Reactton—of

zpoNnA anrl

Totallﬁl%ié%%g l: Y\t L% Berzeré +0—-Benzenre—and
d the CP 786 catal yst
Beﬂzﬁnes,pr, (g % reacte % Geor124 e Yy
* Notobetected by GC

DJ(D'
™ O

5 The total moles of di- and tri- propyl benzene in the product (0,00124) is the data point at
the right end of line Y, and the data point at the right end of line X.
Example 3

Reaction of #rans-2-Butene with Benzene

10
Benzene and trans-2-butene were reacted over the CP 786 catalyst at the conditions

outlined in Table 4. Complete conversion of the trans-2-butene was observed. The results

of the testing are presented in Table 4. Sec-butyl benzene was formed in very high

selectivity. Only small amounts of di-sec-butyl benzenes (DSBB) were observed. No tri-
15  alkyl benzene was observed in the product.
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outlined in Table 4. Conplete conversion of the

trans-2- butene was observed. The results of the

W 3% e presented in Table 4. Sec-butyl beREEN82006/004235
was formed in very high selectivity. Only small

anmounts of di-sec-butyl benzenes (DSBB) were observed.

v A SRS L 7o

ALI_L\II a+| ohn n'F Dr\n—rr\nr\ tb[ frgno ') Rt nnn Condit4 o

TimeqpeStepamh m essure, (psil§f 290 Total Aefin + Benzene

Temppeaurealdss. ChgW 155 Feedsk38ck Product  trans- 2- But ene,

Operfitiig Prexsties, (psilg)001*  trang9@- But ene, nol es/ 100 ) 0. 0287

Total®BI8AL HBenkihe Fdetitthe, YHMF9 951846 sec-Butyl Benzene,

WC. 075 pebadif 3. BBaduet 3 DSBB (W79 <0, OUT* U. 005

DD

transé?,-.;ﬂu BRw %), 79 T{,f Tt U<8681* i, :5 5j S’Ltits tw “/6 .

q)

tmm&g%‘igg’r(mﬂqsﬁb)@g) - 007 ef-stog—of——trans—2-Butene—>99:

Benzgpe, #)hd tri-al l?(gimﬂpnn:?g: Irndrrma.d/ Q0g-of —product

sec-Buty] Beogenes (Wo §o)De

1,3-DSBh {wR-%BUt ene vvFﬂOBb’hzenQONter over 2425 hours of

1,4-DRBB divt.d9) benzene)a0tk a h.gd&r concentration of

13511@];(@;— vhut ene way goreackggopyer the CP 786 catal yst

% Clveblts JPILPIELTT| TTgBol0T 12002 Compr et e

%Se}em, rrﬁ)s‘é__ 1'BERzEAETS 2-9951 EMEWas UUber ved—The
Total rTry arc 1uv IJI CDCIIL'CU ||| IaUI C J
3@8‘ formed in very hi gh

*N%Bﬁﬁgﬁ'eby BB) observed “No trl-al kyI benzene was
observed in the product. 18

Example 4
Reaction of trans-2-Butene with Benzene

After over 2425 hours of operation, benzene and a higher concentration of trans-2-
butene were reacted over the CP 786 catalyst at the conditions outlined in Table 5.
Complete conversion of the frans-2-butene was observed. The results of the testing are
presented in Table 5. Sec-butyl benzene was once again formed in very high selectivity
with only small amounts of di-sec-butyl benzenes (DSBB) observed. No tri-alkyl benzene

was observed in the product.
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WD 2006/ 086362 PCTI US2006/ 004235 Table 5. Al kyl ati on

of Benzene wth trans-2-Butene Conditions Tine
WE J08¢{086362440 Tenperature, (deg. C) 133 QOeral’¢1°1’§52006"004235
Pressure, (psi) 288 Total Aefin + Benzene Feedrate,

156 Feedstock Product trans-2-Butene, (WM. % 2.681

v il RN BB L) 5.1 77

,Congmpns % <0 001* 0 026 1.3 5.TSBR T O/A <0 ggl*
Time<on $ieam, (m8Jonver si on of24#Pans- 2- But ene >99 9 %
TempBedtenet (degt @) t o sec-Butyl 1¥enzene 99.0 Total mnoles .of
Opersting Prasbutd, (psi) kyl Benzeng88produced / 100g of product
Total OIEER FBenzenOk et € ¢58H) by G458 Exanpl e 5 Reaction of
| & I T ot S Ll Filk O ploppey! ene and trans- 2-But ene ]
W’_ ‘ngu'by'f*”/‘lé”/g??gl'lnf’fm Of‘“ ?)U“/o propytene and 50%
transs 35 Bufe e (molestl00g) 0.0478,., WS ; ;

Benzgng (Wt- &) Conpl et o S&dd si 055.8242_ the C3LCA ol efinswas
sec-Byttd Benachne, (We %)esut®.90bt t he3B3Xting are presented in
1,3-DEBB dwh. %pec- But yx0.881%2zene GO cunene were forned in
1,4-DSED (%€/%ytivity wWgd1& smal(.e26 amount of di- and tri-
13551\3%(‘Qe%)enes thap gereect eghoie to the fact that a
% CIvEIsrof Barii e TEse VasS US8lho g The product drd contain

% SRty Io o Bl DUz S PCCoEy contar g bothi—a C3~and

nr.ocl 10 \An laYaYaVall la¥al
1 s Tttt e 1 L He PTOU UL,L . I v Z20U07 UOUOUL
Totalp@p}%gé' yl ation of Benzene Wi th

B

* Not Detected by GC

5 Example 5

Reaction of a 1:1 molar blend of
Propvlene and #rans-2-Butene with Benzene

An olefin blend of 50% propylene and 50% trans-2-butence (on a molar basis) was
10 reacted over the CP 786 catalyst at the conditions outlined in Table 6. Complete conversion
of the C3/C, olefins was observed. The resuits of the testing are presented in Table 6. Sec-
Butyl Benzene and cumene were formed in high selectivity with a smaller amount of di-
and tri- alkyl benzenes than expected. Due to the fact that a mixture of olefins was used,
the product did contain some di-alkyl benzene species containing both 2 C; and a C, chain
15  inthe product.
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Conditions Tine on Stream (hrs.) 625 Tenperature,

degq. C) 133 Operating Pressure, (psig) 288 Total
18P4/486462 Benzene Feedrate, 154 Feedstock Pr oRft/l52006/004235
trans-2-Butene, wt. % 1.340 <0.001* Propylene, (wt.
% 0.971 <0.001 * Moles of propylene + trans-2-Butene,

iR, S350l o Sgens P 81 . Blond o gl S, rans -
Butengy <0 001* 2.692 1,3-DIPB (wt. 0/9) <0.001* 0.012
1, 4-DIPR (wt % <0 001* Q.014 1 3 5-T|P ‘

Condifi@B4 1. 3-DSBB (W . O /q) 0 005 1 _4-DSBB (wt. Q /o)
Time On 8&Bam,1(b85.5- TSBB_(wt. % 628, 001* <0, 001* _Qther

Temp@iahab kg ®nzenes <0. 001* 163031 Conver si on_ of

Operdlin8PiEs8RNe, @RIE) [ rans- 2- But epgg >99.9 Selectivity to

Total D¢ "?Eéﬁzehe‘?e?ﬁia?e‘fté/}ﬁ)[y_ T0 Sgg¢ Butyl Benzene 99.0

rota ..Uﬁz Fhekd o E'ﬁ)hh' FRyt—Benzenes pr oduced /

O f a¥e)

5o 00004t —Petected—by &C5
trans 2oy AN €L FRNIE T e tribe S opytene
Propylene, Wiade)- 2. Bt cAIThi t b BeR9Y8LY 10 An olefin blend-of——

MolegoPpropypye ene and 20% trans-2-butene (on a nol ar
+ trafmye-Bajenegsnolest g d).¢478r t he CP 786 catal yst at the

Benz&RDOWt #ns out | i n@d.47f Tabl 84.059Conpl et e conversi on

sec-Balyl Bagzdne/ G w)ef kpgowas obsenyed. Sec-butyl benzene
Cum&Bwil9gNe VETE TRhaePx I N NI 9892

1,3-DIPB (wt. %) <0.001* 0.012
1,4-DIPB (wt. %) <(.001* 0.014
1,3,5-TIPB (wt. %) <0.001* 0.004
1,3-DSBB (wt. %) <(.001* 0.005
1,4-DSBB (wt. %) <0.001%* 0.005
1,3,5-TSBB (wt. %) <0.001#* <0.001*
Other di-alkyl benzenes <(.001* 0.031
% Conversion of propylene and trans-2-Butene  >99.9
% Selectivity to Cumene 97.1
% Selectivity to sec-Butyl Benzene 99.0
Total moles of di- and tri-alkyl
Benzenes produced / 100g of product 0.00041
* Not Detected by GC

Example 6

Reaction of a 4:1 molar blend of
Propviene and trans-2-Butene with Benzene

An olefin blend of 80% propylene and 20% trans-2-butene (on a molar basis) was
reacted over the CP 786 catalyst at the conditions outlined in Table 7. Complete conversion
of the C3/C, olefins was observed. Sec-butyl benzene and cumene were formed in high
selectivity with a smailer amount of di- and tri- alkyl benzenes produced than when a
similar number of moles of only propylene were used (Example 2). The total amount of
moles of di- and tri- alkyl benzenes produced per 100g of product was 0.00074 moles. This

was at least 38% less than the predicted amount (approximately 0.001 moles) based on
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sel ectivity with a smaller amount of di- and tri-
benzenes produced than when a 15 simlar nunber
W&z ﬁﬂ?ség Zof only propyl ene were used (Exanpl e BST/U§386/004235
total amount of noles of di- and tri- alkyl benzenes
produced per 100y of product was O. 00074 nol es. This

OB s TP U e i e BB oG mromie o

fmﬁP@ﬂbmm&fﬁeaE@re I)nt er poI ation from t he amounts
produced using the sane nunber of noles of propyl ene

or trans-2-butene only (see Figure 1). Table 7.
TabR 7Y Agiky196or® fof BRAZERE will B £1%udl ?.S}% 2~
Butdeopy! e):1e and trans-2- 5 Butene (%owdlltl E)Hr%- *’?iene and frans-2
Stream (hrs ) 668 Tenperature (deg C 133 eratin

ans-2-But ene. _(T\I\If nao 0 "_)'%6
5 bylene  (w rﬁﬁsl 609 <0 001* Mol es of
Temﬂ@lﬁhwss(ﬁ@ ©)t r ans- 2- But enel33nol es/ 100 0. 0478 %
Operating Bresywe, (psighr opyl ene an@88r ans- 2- But ene >99. 9
TotallQledin -nBbwene FeelirateatpdHi)r i - al kyb2 Benzenes produced 7
100 of oromeastaelg)OOWFPmd,mt Det ected by bLExanpl e 7

trans 2 -Brtafe (RNoNT "a T sBgTor ar Bige of —Propytenme—and .
PropyleRB.{wt %YL C11E vvrq:][@?ﬁﬁ"”"%q%ﬁ '/n°n| eﬂ"' ﬁm‘bke*’fd_e*"‘g@%——l oo

I IS diTU OU70TTairTo—= ot TTic
ft‘:}éﬁ"gw P%%EM&ﬂ%?% cat al yst at the
ans-Z-But hle 8% Conplete conversion

——of the C3/C4A olefins was again observed. Sec- but yl
/@C%ﬁwfdﬁ@md@nﬁene were fornmed in high selectivity
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Example 7

Reaction of a 1:4 molar blend of

Propylene and frans-2-Butene with Benzene

An olefin blend of 20% propylene and 80% trans-2-Butene (on 2 molar basis) was
reacted over the CP 786 catalyst at the conditions outlined in Table 8. Complete conversion
of the C3/C, olefins was again observed. Sec-butyl benzene and cumene were formed in
high selectivity with a smaller amount of di- and tri- alkyl benzenes produced than when a
similar number of moles of only propylene were used (Example 2). The total amount of
moles of di- and tri- alkyl benzenes produced per 100g of product was 0.00026 moles. This
was at least 53% less than the predicted amount (0.0004 moles) based on interpolation

from the amounts produced using the same number of moles of propylene or trans-2-

butene only (see Figure 1).
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Total\ rh%'llé‘; fcdlgli':ll.l"i‘dfn g]ﬁl_ 2t CII'C/ —WaS—Spte
Benzenes produced / 100g of product 0.00026
* Not Detected by GC

The results of Examples 1-7 indicate that reduced amounts of di- and tri- alkyl
benzenes are produced when one or more linear butene(s) are added to propylene during

the alkylation of benzene using the beta zeolite catalyst. This is clearly seen in Figure 1.

Exampie 8
10

Reaction of trans-2-Butene with
Benzene when 0.11 wt% Isobutylene is added
The feedstock used in Example 3 (benzene and trans-2-butene) was spiked with

15 0.11 wt.% isobutylene in order to examine the impact of isobutylene on the alkylation of
benzene. The spiked mixture was reacted over the CP 786 catalyst at the conditions
outlined in Table 9. Complete conversion of the linear butene was observed although the
isobutylene was not completely converted. Sec-butyl benzene was formed in slightly lower
selectivity than in Example 3 along with the observed production of some zerz-

20  butylbenzene. Since fert-butyl benzene and sec-butyl benzene have boiling points close to
each other, they can be difficult to separate by simple distillation. It is therefore advisable
to minimize the amount of isobutylene used when alkylating benzene with one or more
linear butene(s) in order to simplify the purification of sec-butyl benzene.

The total amount of moles of di-alkyl benzenes produced per 100g of product was

25 0.0006 moles. No tri-alkyl benzenes were observed in the product. This was similar to
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15 0.11 w. % isobutylene in order to exam ne the
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catal yst at the conditions outlined in Table 9.

Conpl ete conversion of the |inear butene was observed
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BenX¥nel(wH: %) W% bgohytyl enggs gpnditions Tinme on
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%CPIEﬁ‘ 3 TELLS}),, ef erzcerie

% ion opfipisa) uﬁme_ 0620508 <0004
%stlgﬁﬁat.ygtosggﬁgﬁgﬂ W@@/ 1ﬂﬂ QJQ L)?R Benzene, (w-—}/0)—
Totay mmoles obgi-zud trigdled But y|  Benzene, (wt. 0/6) <0O.001*
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* NatTaneotdt BuGEne >99.9 Selectivity to sec-Butyl Benzene
99.4 Total noles of di- and tri-al kyl Benzenes

GenBfaPdua@tbnts 100g of product 0. 00006

The alkylation tests were conducted in a laboratory scale, fixed bed reactor
operating under liquid phase conditions. The reactants were carefully mixed and then
passed over a CP786 zeolite beta catalyst, manufactured by Zeolyst International. The
testing conditions were similar to the conditions used in modern cumene plants. The results
showed that sec-butylbenzene could be produced at a selectivity of up to 99.5% while
cumene was produced with a selectivity of 98.5% or less when the linear
butene(s)/propylene feeds were used at a concentrations of between 1 and 4 mole percent
in the benzene rich feed. The quantity of dialkylbenzenes and trialkylbenzenes produced
with the linear butene(s)/propylene feeds was found to be around 30% lower than predicted
based on the concentration of alkylating agent and the molar blend of propylene and linear
butene(s). The difference in the amount of dialkylbenzenes and the trialkylbenzenes

produced accounted for the main differences in the observed selectivities. The higher
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'CLAIM5S -1.- A nethod for .increasing selectivity of -
aromatic al kyl ation'to nonoalkylation 5 conprising: ...
provi ding a feedstream consisting essentially of a
- 'concentration of alkylating agent and a

" stoichionmetric excess of benzene, said allcylatiing
agent consisting essentially of a nolar blend of
propyl ene and one or nore |linear butene(s); and, 10
contacting said feedstreamwi th a catalytically
effective anbunt of Ze0|iF§#@§é§ under al kyl at on
reaction conditions whi & se selectivity of the
al kyl ation to nonoal kyl ati on conpared to predicted

selectivity to mnoalkylation i ation
L Acwiediniessse sargamas: f’é?‘?‘ﬁgg %%giﬁ?‘}%%‘%ﬁ‘gﬁ“%“#e
. Jiol ar bl end of propylene and one or nore |inear
comprisifigt ene(s). 15 2. The method of claim | Ur Lher 1o agent
Iﬁr@ﬁ'ﬂ{nig&i foglstreamp vcrnlfislngg ssspabally REG FOPSRTT 0’2?"::#% EZ? Ees
nmol e per cent . o i latig icbmgdsting
agenta@(ﬂﬁﬁ?ﬁg?‘ﬁgﬁ'ﬁ %%%%?&%%gmiaglggut yFe%e; i
pr ovi glisifhafly 9 Mol Blchd of prpylams ud oBg ERCTSHIBRTIBYE(
to one or nore |linear butene(s); and, 20 nmi ntaining
a reasnd,on tenperature which mninizes skel et al

[ ' ' t ffectiveamourtof sealite

i Al e o O e T o) é%‘%p&lﬁg

act uahnd@taﬂdylaﬁohwc@in@ﬂﬂlm“f%‘&lmmlﬁﬁe aromatic
d . | 1 . H -

but enaiaign PaRral il opfipaiatd o total.

0 471, sai act ua{agfnot al rm%es
bei Ng rinokikgiation ied o8 thet duanenirabpe of g Akyatine AgELanG P
di- and tri-_alkyl 25 .benzene bilcAsERt
pr edi ¢hemolsgklend e’&%ﬂ’g(;?ﬁserog?éo 5%913?9 al kyftgfi ng
| hig Malrider Bbrapdsial: propyl ene and one. or
2 %’%gﬁ?tlﬁ%ggt; but ene(s)._ 4. Thg t hod n?flgﬁiaﬁhﬁﬁgéﬂttsgidg
vheviding ssidicanaspietion;af AEong b Ay 1anSe PEX 10 ’
t enper re of fr - 0 Qprndt 16ss ishbttyleaer eact i on
press%%@%@g%%é%g%lg kPa (250 psig to 3%%3
AstbGling 2% & 1:4Tb e driembba bisnd of arapsiens 1400 SFARYE R L i d
condi tjons conprise: a reaction tenperature of from
110 C beneqs); 3o and, a reaction pressure of fr_om_186th
- i ?..;agg éagtz&ﬁﬁlg@mhﬂe Sdchiminighizensiglotal Ssopgyrization Of te
2505/ 086362"PCT/ US2006/ 004235 3 total Iiquid feed
rate obneigr mgrmlingas batpne§) ISP S g total wei ght of ated
3 Ciﬁg%ﬁmx ogj?‘tc’]a%ﬂs 190 2@:98&1&&?@516&6&1@6&1 piblerebHi-tandiigt alkyla
c 9 er and Di nder. ) £ from 1:4 o 4:1, said
aromatic compounds at molar ratios of propylene:linear butene(s) of trom 1. s
actual total moles being at least 10% less than projected total males of di- and tri- alkyl

00 g product predicted based on the concentration of alkylating agent and

benzenes per 1
the molar blend of propylene and onz or more linear butene(s).
4. The method of claims 1 to 3 wherein said conditions comprise:
a reaction temperature of from 100 °C to 150 °C; and,
a réaction pressure of from 1720 — 2410 kPa (250 psig to 350 psig).
s Themethod of claims 1 to 4 wherein said conditions comprise:
a reaction temperature of from: 110 °C to 145 °C; and,
a reaction pressure of from 1860 — 2240 KPa (270 psig to 325 psig); and
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9.

6. The nmethod of clains 1 to 5, said conditions
produci ng: conversion of 99% or nore of said

womaeesssadt i on of one or nore |inear butene(s);PCHEUSE6/004235

conversion of 99% or nore of said concentration of
propylene. 7. The nmethod of clainms 1 to 6 further

conpri sing producin sel i yit - but,yl henzen

O nd o oo d0 or3 50 360 e 255 Mo PEREEAE baed
mor e, 48 BrnphelRtdia Jf Qbollto BE@TaIaNG: SO @S ehd bindehf

aromat i ¢ al'’Kyl'ation to nonoal kyl at’i on conpri si ng:
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c @phearsipn of 99 immwd of said nondentrationcafipspRiieneal | y

ef fective, apgunt .of olite be . al kyl ation
rggﬁmﬁho%ﬁf}gmsc}n@ %ﬁ‘&%ﬁ%‘f%@p %&ﬁg{pgﬁ%ﬁél nol es of
digeiedfidity fo'sec-balykbenaéRbfB805 horeg ampounds per 100 g
product "at nolar ratios of propylene:linear butene(s)
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R S eiBs yeRRL e SR A TRl R0 aliffaton
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conpou icHi i RhzeB) safd diRYlk: ent consistin
propyl erwﬁ}@:ﬁ%?‘%g%rg&gg}%}xg%sg)gfgf 25 fromﬂ??4ﬂ?%%:_l, sai dg
act ual dsedmibllyof e soleiblendzof prepydene3mehong o5 moky inear butene(s);

projected total noles of di- and tri- alkyl benzenes
per 10 > product predicted based on the concentration

of pondlckin adill cbdaLemt watht dahyticallgeffedtardmabilt oflwelite beta
met hod of clains 8 or 9 further copprising;. providin

sai d cowmsienelkylation reagtion P@}dﬁgom fUEIngRC tal %%lp%%ﬁ@- and
al | yl atinan3geof arorg%gc{‘ s%ﬁ%@dg¥)le@i oY pRRHSH at G 1R rhfidd\§F

200 ppm'or Fess I's ovidihg froma 1:4 to a
4: 1 ol propyleaatingd bpteog(s) efifeornd :bwed:by saidbactual totalapoles being

butene(s),; 26 naintaining a.reaction ek at | f
B e o Sl B SRR o BB B Bonsencs pr
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psig). 117 A nethod for increasing selectivity of

ar omat i theahddgd blendsa t o nonoal kyl at i on
The method of claim 8 producing actual total moles of di- and tri- alkylated

aromatic compounds per 100 g product at molar ratios of propylene:linear butene(s) of

from 1:4 to 4:1, said actnal total moles being at least 30% less than projected total moles of

di- and tri- alkyl benzenes per 100 g product predicted based on the concentration of

alkylating agent and the molar blend.

10.

The method of claims 8 or 9 further comprising:

providing said concentration comprising from 1 to 4 mole percent alkylating agent,
said alkylating agent comprising 200 ppm or less isobutylene;

providing from a 1:4 to a 4:1 molar blend of propylene to one or more linear

butene(s);
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conprising: 5 providing a feedstream consi sting
essentially of alkylating agent and a stoichionetric
excess of benzen; said al kyl ati ng agent consi sting
essentially of a nolar blend of propylene and one
ornmore |inear butene(s); and, contacting said
feedstreamwi th a catalytically effective anmount of
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met hod afssentialiyflamplan teod wd peopyleat: anddédre or maire Enesk bufens(s);

and tri-_aglkylated aromatic conpounds per 100 g
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of coRfclingMid fedddu@arh whith & sitalyacdilydfckledimbi SizcbiticMeta
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and tri- plantysation conditions which inriease ysiectivity affhe
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t he nol ar bi&lecﬁlg.a 1 .El%{leaﬁ%t 0 QS# al E@‘ﬁg urt 2‘?

conpri simenaalirpationdabddyint the wdscentmationatt e allndatingagent and on

al kyl at roduct roducin i ght ends . .25 col um, .

St e e Blofit i R bRl nd ot ek Hiper pRnE), Bllncing an
al kyl at cillopsiociprotincistreany t o said al kylator. 14. The

met hod of ,cl aim,13 where said recoverin aid

mo TSRPKIE herzsag B alﬁvlm ot sfregrg; n%a%%can%adbt‘ame-

met hod f&g ste@PidS| Ng separating a dial kyl benzene
stream 30 fromsaid remainder. 27 WD 2006/ 086362

PCTrS20assad rrgsalkylsted henzane divotisaid banizenerdepletad strepy

c ring) .| lad .1 ' it N By .

©ri2he el b AP BB e R T and i alltated

t arg@natitti@enpoupdd n? glprmimol al xkglhﬂitageﬁ d:fqmmmd e:linear butene(s) of

recovering sai.d suppl epental [ono ed benzepe, .5

| AR i 5 ap R kS et oot 3% 56 th Bt el moles

| ifFia- MAUS- A DeREREs pdrAO g product predicted based on the concentration of
alkylating agent and the molar blend.

13. Themethod of claim 11 further comprising

, removing light ends and ‘water from said alkylator product, producing a light ends
columm stream;
- recycling said benzene removed from said alkylator product stream to said
alkylator.
14. The method of claim 13 -where said recovering said monoalkylated benzene
produces a remainder, said method further corprising separating a dialky! benzene stream
from said femainder.
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stream 17. The nmethod of claim 16 further conprising
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product streamto said al kylator. 18. The nethod of

clains 11 to 17 further conprising: 10 providing said

entration. conpr ngfromlto4rm|e per cent
15. aI PH{eh?&"g‘é‘ rEp éﬁi‘ MPAFEE ng agent conpri sing
2005 RdHn rsaid%ﬁain?@ﬁ%tﬂ EﬁﬁﬁsaﬂWlﬁYdrpda?ﬂygt ﬁﬁ&é&oﬁdlﬁoh@eﬂectwe

4:1 nol ar bl end propyl ene t'™0 one or” nore | near
but ene(® prodmaﬁupphmgtahmpnwkylmdtbemme;at ure of from

100 C to 150 a reaction

- ey irhegAnt sgp e enta) SopORky g ettt 670" et hod
16. of TRé Riefod b cl@mli8 maAhdt c%ﬁfﬂ;?i‘sﬁllg‘i&ﬁoﬁhg %ight &flls and water from

conversi on of 99% or nore sai d conCentrati on of one

said ekylmr@mdu%@rocbmmmg#pndm@mswsu on of 99% or

17. i Pl o Bdbh s Bmen R s Frid PRy IR fom
saldammtdrrpaﬁthﬁtbtyéaﬁilmdﬂmmﬂoyst sel ected fromthe group
18. i sti na of zeolite Y and solid phosphoric acid. 21.

thed odclasms i hiq ?LWTWP%‘F&M i sing producing
#ﬁﬁd iYg daYd bSheehEarfinloh *:nlbglgé%'}fon‘f h 945 {%@E E?R@hﬂ@iﬂmg agent,

ect| ty to cunene 0 oOf nore.
rret hod sdid elkglabng dgént cotmprisiag 200 ppinroy less dshbatyhene;

SR ) A5 RERSR Shptiins Sl dRES B0
butene(s);
maintaining a reaction temperature of from 100 °C to 150 °C; and,
maintaining a reaction pressure of from 250 psig to 350 psig.
19.  The method of claims 11 to 18 said conditions producing:
conversion of 99% or more of said concentration of one or more linear butene(s);
and,
conversion of 99% or more of said concentration of propylene.
20,  The method of claims 15 or 16 further comprising providing said transalkylation
catalyst selected from the group consisting of zeolite Y and solid phosphoric acid.
21. The method of claim 11 further comprising producing
selectivity to sec-butylbenzene of 98% or more; and,
selectivity to cumene of 95% or more.
22, The method of claim 17 further comprising producing
selectivity to sec-butylbenzene of 99.5% or more; and,

selectivity to cumene of 97% or more.
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