WO 02/ 14240 PCT/ US01/ 23528 1 REMOVAL OF POLAR CONTAM NANTS FROM AROVATI C
FEEDSTOCKS Field of the Invention 5 This invention relates to a process
for renovivignapab@r contam nants from aronmatic feedstocks pgdysoi/A3528
particular, to an aromatic al kyl ati on process enploying pretreatnent of
the aromatic feed to renove nitrogen contam nants. Background of the
Invention 10 In a typical aromatic al ky]r ation process, an aromatic conpound
is reacted with an al kylating agent, such as an olefin, in the presence of
acid catalyst. For exanple, benzene can be reacted with ethyl ene or

propyl ene to produce ethyl benzene or cunene, both of which are inportant
internediates in the CchEMOVALOPFPONARICONTAMBSANTSOMEr Ci al aromatic
al kyl ati on processes 15 nornm use or as the acid catalyst,
but nore recently these nmaf&OMIAROMATICIBHFEDSEOLIES by nol ecul ar si eve
catal ysts. Thus, it is known fromU. S. Patent No. 4,891,458 to enploy a
zeolite beta catalyst in the alkylation of aromatic conpounds with C2 to
C4 ol efins. pigldsidhé identidd |S known from U S. Patent No. 4,992,606 to
empl oy MCM 22 in the alkylation of aromatic 20 conmpounds with short chain
(nanel § havi ng 1- Bhig ivsahomrediies)to alpkgdess fos geragang Bolar gontgminpis figky| at i on
processes enpl.oyi. | | ar. si ev C ted in either

t he vapor p%gg%gggieﬁg[oﬁ?sé&?d n;’ﬁlgtlscgqa?’a%%ebég&rrﬁat%%‘rﬂwge)[%nd? gg#lgm i mproved

sel ectivi ty anslogiegmeasatnanpl thelara@ndicapat Rircmgve dlilogeRca@nahmbed. Wit h

i quid phase operation, nost commercial al kylation processes now operate
under 25 at |l east partial liquid phase conditions. Unfortunately, one

di sadvant ag.eBQJkgron‘nfo?ttﬁmVéiﬂgﬁr l'iquid phase conditions is that the

nol ecul ar si®ve catatysts tend to be nore sensitive to the presence of

i mpur iloi es i n t helnf eggrbbakmatipakylation prokyss, frodramatio ograpmdsl isteabteds

ni trogen conmpounds, Such i urities reduce the acid 2/ 1424
PCT/ U%O 1/ 23 gggh ap alkylating agerg%, such as an olegn, in the presence o aci&) catalyst. %or

example, benzene can be reacted with ethylene or propylene to produce

ethylbenzene or cumene, both of which are important intermediates in the
chemical industry. In the past, commercial aromatic alkylation processes

15 normally used AICI; or BF; as the acid catalyst, but more recently these materials
have been replaced by molecular sieve catalysts. Thus, it is known from U.S.
Patent No. 4,891,458 to employ a zeolite beta catalyst in the alkylation of
aromatic compounds with C, to C4 olefins. In addition, it is known from U.S. -
Patent No. 4,992,606 to employ MCM-22 in the alkylation of aromatic |

20 compounds with short chain (namely having 1-5 carbon atoms) alkylating agents.

Aromatics alkylation processes employing molecular sieve catalysts can

be conducted in either the vapor phase or the liquid phase. However, in view of
the improved selectivity and decreased capital and operating costs associated with
liquid phase operation, most commercial alkylation processes now operate under

25 at least partial liquid phase conditions. Unfortunately, one disadvantage of
operating under liquid phase conditions is that the molecular sieve catalysts tend ‘
to be more sensitive to the presence of impurities in the feedstocks, particularly

polar compounds such as nitrogen compounds. Such impurities reduce the acid



activity of the catalyst and hence decrease the cycle tine between required
regenerations of the catalyst. The use of guard beds to renove trace

cont am nawigsp2fiuem hydrocarbon feed streanms is well known por/itdeg2ssg. This
is especially true for petrochemcal 5 and specialty chem cal operations
where product purity is critical. Normally, materials |ike bentonite clay,
kaolin'clay or special activated alum nds are used and are pl aced upstream
of a catalyst-containing reaction vessel. The clay or alumna materials
trap inpurities in the feedstocks so that product purity specifications
can be met and poisoning of the catal yst can be reduced. However, 10 known
clay and al ugstivay @ 8ecbab@pks afBeict dedréad tihdylcld timé betiveeiucguire® basi ¢
nitrogen inmpurities in aromatic feedstreanms to the low levels required for
use in ||quﬁeaerpﬂrﬁ@t§msa>lfldsploataﬂ3@h processes. Moreover, clays are generally

not susceptible n their
adsor pti olr[: capaci i@ PS%%‘%%E% gpto %Oégg%a&§%1ﬁé1t9ﬁ§&§{ﬁ?&8§%ﬁand

5,942, 650 degsd b@@rﬁl@&@:ﬂﬂ@%wh@ﬂi tHehgt. TiaOR\espeohilyrtiterfogpsirachemioands from an
aromati c hydrocarbon stream by contacting the hydrocarbgon streamwith a
sel ectPve ad@&&ﬁéﬁlﬂ%éh%ﬁ?@l%@raﬁoﬁ%wherﬁ@mﬁuét prsitB e grHicak | No@allyi ng a
silica to al anet er
ess than 5, SO Bonfohd fsl haBH 685 of ook a8y AL AR 701 2

mol ecul ar  si ﬁl(ﬂars(pl@ed &pktxfeammfhhetagtssumtmnnglrsadtuog vesisebdl’}m-aldmed zeolite
4A, zeolite 4A, silicalite, F-silicalite, xtures t hereof. PCT

Publ i cati on gmingsnetgyials érap uapgr&qe@gléghege?gs%g%go %?PTB WG an  al kyl at ed
benzene or rﬁ&ﬂ'{c‘i’a c%hiﬁ)éh?ett? &Eﬁ‘gﬁgeéft‘hg ity sheah e chﬁﬂé@nﬁowE\‘?&gSt ock is

initially co acl n a pretreatnent zone at a

t enpergt ur e khicvat elay hinhmluammguaﬂcBlﬁﬁdshmb limsted a‘thhty tabeduceﬁm]ﬁszhe solid
acid enployed may, be an al um ngs Ilcate sel e q liom Z‘g%/{lf‘s ZSM 11,
ZSM 35,  cl | WEPEF} BRpurEies fugrpmals o8 Stge@msﬁ?f Oyelpve!s OhBi<d8ni t e,

zeolite 0“%1%%%& M@fylg?&n%roée@wsaﬂ&eéver ‘?JTEJS ald &reraﬁ§%o%3usc€1ﬁﬂb@é inite,

zeolite L The pretreated
benzene is thergemnitintaad hendelmiydbe ﬁisﬁatﬁad)WBﬁT ﬂﬁﬁ@ﬂﬁ@ﬁ@&apacuy is
reached.
15 U.S. Patent Nos. 5,744, 686 and 5,942,650 describe processes for the

removal of nitrogen compounds from an aromatic hydrocarbon stream by
contacting the hydrocarbon stream with a selective adsorbent comprising a non-
acidic molecular sieve having a silica to alumina molar ratio in excess of 100 and
an average diameter less than 5.5 Angstroms. In both cases the selective

20 adsorbent is a molecular sieve selected from the group consisting of pore-closed
zeolite 4A, zeolite 4A, silicalite, F-silicalite, ZSM-5, and mixtures thereof.

PCT Publication No. WO 98/07673 discloses a process for preparing an
alkylated benzene or mixture of alkylated benzenes in which the benzene
feedstock is initially contacted with a solid acid in a pretreatment zone at a

25 temperature greater than about 130°C and less than about 300°C. The solid acid
employed may be an aluminosilicate selected from ZSM-5, ZSM-11, ZSM-35,
clinoptilolite, ferrierite, stilbite, EU-1, NU-87, mordenite, zeolite omega, zeolite
beta, faujasites, gmelinite, ZSM-12, cancrinite, zeolite L, MCM-22, MCM-41,
MCM-49, MCM-56 and MCM-58. The pretreated benzene is then contacted with



3 an al kylating agent in an alkylation zone or with a transal kyl ati ng agent
in a transal kylation zone in the presence of an al kylation/transal kyl ati on
cat al yst wghi2ab4gay be sel ected fromnordenite, zeolite bai@Eyudpbns

ZSM 12, zeolite Y, zeolite onega, EU-1, NU-87, zeolite L, MCM 22, SSZ-25,
MCM 36, MCM 49, 5 MCM 56, MCM 58, and a_porous crystalline nmagnesi um
silicate. In accordance wth the presen% i nvention, it has now been found
that nol ecul ar sieves having pores and/or surface cavities with a
cross-sectional size greater than 5.6 Angstrons are nore effective for
removi ng nitrogen contam nants fromaromatic feedstocks than the small

pore nateri adsalk@atifig et inan Al atkint Ak ol FitheSranbalkd4tindSfentinch 5, 942, 650.
Moreover, it has been found that the renoval can be effected at a

t enper at ur e transalkyletian epre m3bepwsencerahin dkylation/faselkylatign crishst on No. WD
98/ 07673 the cl r | f: =P It y n species
and hence i n&ggt{élﬁ]%ic% sje&%tjig‘le q’%glgg%?ﬁtgs% e@éﬁe%\éﬁé‘t‘szr@g’gﬁ’&%ﬁg %gg&%‘%ﬁét ruction
and oper at i ngeolissémeda, Elle1,i87| gsalitedll MEM-20) SSIA2 SIVICM-$6 ICMI€9) nvent i on
In one aspect, the invention resides in_a process for renoving pol ar
conpoufids f r MGMrP6a MM 3% 2pdepeioe kysiiingmragaesiwBIsHica o rpounds, sai d

process conpri si : tacty J ock in an
adsorption zone V\Aﬂ%ﬁtcg%agé g‘gﬁ%@fﬁp r%g?t(elg%?n\?l{gﬂ’ ]?gégt eﬁgégggrp |§¢1 of said

pol ar conpoumdiculassidvaadmoinggoiesaadpr sintaey cavitiewith alcarss-sedionalsine Nng por es
and/ or surface cavities with cross-sec%i Qnal. dinensions greater than 5.6

Angst ronms an@Fealsy @a&és%%gﬁt@msi‘%’@?%f SRR foé_ref?%‘ﬂ%%P‘éﬁoﬁP%CWam@%%tst han or
equal 10 130fomAeindt {Bsifis AOHhaHL Bflall pEEISALLICHREHRII 8. 800FR. L1 eat ed

feedstock which 1s substantirally free sal d polar conpounds. The term
"substlant i al Nys.f5c2, 686 sad 51940650, Morepeernitdias beenforutl thet the rerha@val oaan t hat

the treated feedstock contains ] ess tha ppm and nor r ef er abl | ess
than 0.03 ppli’ﬁ efgqctglaart& t%pearptu&)lﬁﬁotgmg{eqﬁd& minmum taught in %CQ‘ y
Publication No. WO 98/07673 thereby reducing the formation of by-product
hydrocarbon species and hence in potential yield losses, as well as reducing the

construction and operating cost of the purification system.

15
Summary of the Invention
In one aspect, the invention resides in a process for removing polar
compounds from an aromatic feedstock containing polar compounds, said process
comprising the steps of:

20 (a) contacting said feedstock in an adsorption zone with an adsorbent selective
for the adsorption of said polar compounds, said adsorbent comprising a
molecular sieve having pores and/or surface cavities with cross-sectional
dimensions greater than 5.6 Angstroms and said adsorption zone being at a
temperature of less than or equal to 130°C; and

25 (b)  withdrawing from said adsorption zone a treated feedstock which is

substantially free of said polar compounds.
The term “substantially free of said polar compounds” is used herein to
mean that the treated feedstock contains less than 0.1 ppm, and more preferably

less than 0.03 ppm, of said polar compounds.



WO 02/ 14240 PCT/ US01/ 23528 4 Preferably, the nol ecul ar sieve has pores
W th cross-sectional dinensions greater than 5.6 Angstrons. Mbore

pr ef er abl wo ¢2ha2490! ecul ar sieve is selected from the groygTogIshshsng of
zeolite X, zeolite Y, Utrastable Y (USY), ZSM 12, nordenite, zeolite

beta, zeolite L, and zeolite onega. 5 Alternatively, the nol ecul ar sieve
has surface cavities with a cross- sectfonal size greater than 5.6
Angstrons. More preferably, the nolecular sieve is selected fromthe group
consi sting of MCM 22, MCM 49 and MCM 56. Preferably, the nolecul ar sieve
has a silica to alumna nolar ratio less than 100. 10 Preferably, said

tenperature is 20PreferdblpthenolcoBlat sipvetias pakdswittscréS-deotiorkl Qfthenkiona f urt her
aspect, the invention conprises an arqonatic_ al kyl ati on process conpri sing
the steps ofgref(t@l)th@‘%)ﬁ-ﬁa%ﬂgsﬁgm&nl\’@%ﬁ@f‘ﬂ%bl%éb@§t0i69!éla§ sigvaisrelsgted drom

compounds |1y Bt RoRISAERITANE A0S ML Y, BLAURN PROE YIS IYe for the

adsorption o ounds, sai'd a ent conprising a nol ecul ar

si eve havi ngmofdetii®s zedlilé bétasaeofirds aadvedlitesmegd.h a cross-secti onal
di rensions greater. than 5.6 Angstrons and sald adsorption zone being at a
tenperature of | edkerngtiely, die rapigeulag Bevedpesuriese caYitiGy WHE PSSy fr om sai d

adsor ption . I.CR/l i sai d
pol ar conpoﬁstr%gtg? g%}%@gﬁég&)g@g?%ﬂg@ﬁgﬂh %‘%@3 rﬁ%@@?@c gﬂélgéﬁe{%gsgﬁq’fg% ation
zone cont ai rsetegtedrfronatheydraiip arnsisah@bfSICM-RQEPMCMAG aad MChEG66.ar si eve and
contacting said tréat d feedlstock W th an al kyllati,ng agent . in said

al kyl ation zone UrgErably the gojequighsiswe hasiayilicetd Alusuprimofas satiaslgssigan o
produce an gajgyl ated aromatic conpound. Preferably, the alkylation

catal yst conprises a nol ecul ar sieve selected fromthe group consisting of
zeol i 1@ beta, MCNRr2RrablfivhidIempatatuliMs20.to 125°C and most preferably is 25 to

110°C.
In a further aspect, the invention comprises an aromatic alkylation process
comprising the steps of:
(@ contacting an aromatic feedstock containing polar compounds in an
15 adsorption zone with an adsorbent selective for the adsorption of said
polar compounds, said adsorbent comprising a molecular sieve having
pores and/or surface cavities with a cross-sectional dimensions greater
than 5.6 Angstroms and said adsorption zone being at a temperature of less
than or equal to 130°C,;
20 (b)  withdrawing from said adsorption zone a treated feedstock which is
substantially free of said polar compounds; and
(©) passing said treated feedstock to an alkylation zone containing an
alkylation catalyst comprising a molecular sieve and contacting said
treated feedstock with an alkylating agent in said alkylation zone under
25 liquid phase alkylation conditions so as to produce an alkylated aromatic
compound.
Preferably, the alkylation catalyst comprises a molecular sieve selected

from the group consisting of zeolite beta, MCM-22, MCM-49 and MCM-56.



WO 02/ 14240 PCT/ US01/ 23528 5 Detailed Description of the Invention This
invention relates to a process for renoving polar contam nants from an
aromat i ¢ fwepdatupmk. More particularly, this invention rel gigsudop2ss28i qui d
phase aromatics al kyl ati on process which includes subjecting the aromatic
feedstock to a 5 pretreatenent step for the selective renoval of polar
contam nants that poison aromatic alkyﬁation catal ysts. Such contam nants
i ncl ude nitrogen, sulfur, and oxygen containing conpounds, particularly
those that boil in the same ranges as benzene, toluene or xylenes.
Especially problematic are basic nitrogen conpounds, such as pyridine,
qui nol i ne, NbéiledDedstBippGIObT the Iaveatibh met hyl - 10 pyrrolidone, because they
neutralize the solid acids that conprise nost present day, aromatic

al kyl ati on cat al yBhis an‘FﬁféOIbliel?é%SstQ arpggcess 6 rangdpg pelar ¢ontarpmants fiopyal  of
inorganic ¢ he

nol ecul ar 2%%%§§%t£g%%%§#4 {dﬁﬁ%&iyhgﬂﬁs ‘%@eggﬁgﬁ %ﬁ%ﬂ%@gﬁ

envi si oned h&bmatigsyalkydhticn mec@bmldmnclem\wbﬁbﬂf@ uhe ARdnddticcfaédsank t§ bla, K
etc.) and alkaline earth cations 15 (Ca, k% etc.) that are problematic in
aci d cat al ysPrstreatepaent siemfonthg selestive rpmovaé pelﬁ&%oqt%mmﬁ@t%aé@gtse% ks whi ch
can be treat 0 e38in on is used
herein in aé%g?%%%%%yﬁngﬁéﬁﬁgéka??gig%hgnl%%%hgggﬁ %aﬁg%h§?ﬁgﬁﬁges al kyl
substi t ut ed exygen nentiiaingtootmpdundsypartiawmdrly dogathat ket incthepaue emge24;

Substi tuted aronatl ds V\/mchﬁ,lgSh e al kyl ated herein nust possess
at | east one W%Ejﬁ‘l"?n&t%w 1S GIPGCIRIGHERS CFB‘“PH@ HrPéttr?%ennucleus The

aromatic ri d?%‘ cﬂ‘# [k ng -al karyl,
al koxy, arylo cyc?oa %&Pﬁﬁﬁ ﬁuﬁb ﬁb r§%€ﬁ§$wg#%ﬁ%§ aﬁ do not
interfi@re wi pyrr(ﬂidene deéaplsatlicy lmeute@lrzkslthmohﬂacﬁs lthaabbmpnsesmbsttprctsanted aromatic

hydr ocar bons i ncl ude zene, ht hal ene, anthrac pht haceng,
ey one.  ColRETBA B EREh A IA e Ehe PR BB G TR R aL. WO

02/14240 PCTéfo%)r%l%g *4kons, particularly salts. For example, depending on the molecular

sieve adsorbent employed, the selective sorption process envisioned here may

also be able to remove alkali metal cations (Na, K, etc.) and alkaline earth cations

15 (Ca, Mg, etc.) that are problematic in acid catalysis.

The term "aromatic" in reference to the feedstocks which can be treated by
the adsorption process of the present invention is used herein in accordance with
its art-recognized scope which includes alkyl substituted and unsubstituted mono-
and polynuclear compounds.

20 Substituted aromatic compounds which can be alkylated herein must
possess at least one hydrogen atom directly bonded to the aromatic nucleus. The
aromatic rings can be substituted with one or more alkyl, aryl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other groups which do not interfere with the
alkylation reaction.

25 Suitable unsubstituted aromatic hydrocarbons include benzene,
naphthalene, anthracene, naphthacene, perylene, coronene, and phenanthrene,

with benzene being preferred.



6 Generally the al kyl groups which can be present as substituents on the
aromati ¢ conpound contain from1l to about 22 carbon atons and usually from
about 1 twgl2masfon atons, and nost usually from about 1 tperuwankng atons.
Sui tabl e al kyl substituted aromatic conpounds include toluene, xylene, 5

i sopropyl benzene, normal propyl benzene, al pha-net hyl napht hal ene,

et hyl benzene, cunene, nesityl ene, dur en@, p- cynene, butyl benzene,
pseudocunene, o-diethyl benzene, mdi et hyl benzene, p-diethyl benzene,

i soanyl benzene, isohexyl benzene, pentaethyl benzene, pentanet hyl benzene;

1, 2;3,4- tetraethyl benzene; 1, 2,3, 5-tetranet hyl benzene;

1,2, 4-tri et hyl bengemeallylfle 21k31 groupé WhichhPBEBREt afbibitiftich@loMahe;
p- butyl t ol uene; 3,5-diethyltol uene; o- et %I tol uene; p-etyltol uene;

m pr opyl t ol uEaBatigceanpgyndpoRipintien 1 tgisheutAd cashontatmesmskusuadh{ipapht hal ene;

2, 3-di net hyl an cene; 9-. eth I . 2= thrac ;

o- net hyl ant h%é)gc"g%g); §5%?81?at&%ﬁﬁ%‘i}@ﬂ%ﬂgggaﬁl&%oe&ngﬁ%nﬁhg[%rarlg)[ yal?&%ﬁﬁenant hr ene.
H gher nol ecul ar Switabld allkyd sabstithiad arvdatic comgowis ildide 0BRngglenbe used as
starting materials_ and include aromatic hgdrocarbons such as are produced

by thedal kyl septepylbenzgne marmel pregdbeeend alrba-wethyleanbthalens) | goners. Such

product are Y. r i > e and i ncl ude
hexyl benzen e%tﬁﬁg%%g%éé . éﬂé] %Ielg’ t{ﬂ%gg%;ﬁ/?’b&e&ﬁ%ntgﬂé c%j%)neégtﬁ %@heﬁ(%%%fgh zene,
hexyl t ol uenepsendotyhieat, uediethyitedesme] maliethpidenzne p2dicpgticadaryt ol uene. Very

often alkylate is obtained as a high boiling fraction in_which the al kyl
group at t achiEermybenzEne, isnRsxylbensges: dgatactaylpenzens, reptrmethydbangensat  Cs to

about CL2. Rebaidmatie ARl diald StbRhABInean! | biesiclyhasagae, Lol uene

and/ or xyl erfe”tonstitdtes a partic y-use eéed al kyl ation
proced8 of thR3-tridfethyivenaéne) m-biftyholoade; pdaddtobeks; 3,6:diatsdtalmench@ pr ocess of
and m xtures thereof, with

benzene. bel rgBANFELPADYOBPL aFPE IoNE e HIEHHE of i - al Kyl ati on
e AR RS A oom sbout .1 To
ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
15 alkylaromatic hydrocarbons can also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such product are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene, and
20 pentadecytoluene. Very often alkylate is obtained as a high boiling fraction in
which the alkyl group attached to the aromatic nucleus varies in size from about
Ce¢ to about Cys.
Reformate containing substantial quantities of benzene, toluene and/or
xylene constitutes a particularly useful feed for the alkylation process of this
25 invention.
Typical feedstocks for use in the process of the invention include benzene,
toluene, xylenesA and mixtures thereof, with benzene being particularly preferred.

As used in commercial alkylation processes, such aromatic feedstocks typically

contain from about 0.1 to about 10 ppm, and more typically from about 0.5 to



WO 02/ 14240 PCT/ US01/ 23528 7 about 3 ppmof polar inpurities. In addition,
the feedstocks may contain water up to saturation conditions. The

sel ect i vewsanplip@n process of the invention conprises passdiadoiess2ger omati c
f eedst ock contai ni ng pol ar conpounds to an adsorption zone containing 5 an
adsor bent selective for the adsorption of said polar conmpounds, wherein the
adsor bent conprises a nol ecul ar sieve Héving pores and/or surface cavities
with a cross-sectional dinensions greater than 5.6 Angstrons and the
tenperature in the adsorption zone is naintained below 130C, and then

w thdrawing a treated feedstock which is substantially free of said polar
conpounds  frgsui NEpAFPORE ifPuritll. OARIitidN) iR feeddtoels niptbntalchwateDiecul ar
sieve used as the adsorbent 1s a nolecular sieve having pores which have
aver age cros9-ss@gtionsandiivaensi ons greater than 5.6 Angstrons. Exanpl es of

doal i ni zed seol | R TRy pRITLBER of BEHRIETRbs S paS LT " o1 116
beta, zeolit&omati@feddsieck ¢dneainiig Palar Daapoeutidn tzathdsenitioheont cdndaingY) may be

prepared by the nethod faound in U S. Patent No. 3,442,795. Low_ sodium
U trasPabl e 3n3dseybynt sgleghve fr fspdsprptionsof $aid poter egsapoundsgdherap theng

3, 449, 070. ;gM ' e5Gl | ' , 449... ife beta
is describe |Ir11)glﬂ}I %n&ﬁ%%%%?ﬁ%ghﬁé y&g%?we%%ﬂ%ﬂ g%ceac gl glr%gxﬁ{thalt S
zeol i te 13X cras-sshiiatal déndrsivns griiatemttfaarsis Ahgsteaisidnd the tehipeeaturalid thenat i ve

enbodi ment, the nolecular sieve used as the adsorbent s a nolecul ar sieve
havi ng sur f a%JéO@&w ZoRssis FRaipfaiped gﬁ@?é’-@Qcé’iaé}ﬁéhlens‘?"i}éﬂw’%taé?%f%n 5.6
Angstromns. | i : f i Cross-
Socti onal di eIk PRER s SuBReRRIG IR of WIE pOR EEHb AincR KRR E AN & S s
of 251f0vl ecutame. si eves having such surface cavities are MCM 22 (descri bed
in US. Patent ;@ 4,954, 325), PSH- 3 (descri bed inag. Sb Pat ent No.
4,439, 409), SSZ- 28 ONf FELOHIETY thamolegulapgipynisongs thy agserbes7y 2 vom 49
(described igoldertar §&¢ A il¥boresdwRiSR havedvera@3B drddMectfonbifigehdifgd in U S.
Patent No. 5,362,697).

greater than 5.6 Angstroms. Examples of suitable large pore molecular sieves

include zeolite X, zeolite Y, dealuminized zeolite Y, Ultrastable Y (USY), ZSM-

15 12, mordenite, zeolite beta, zeolite L, and zeolite omega. Dealuminized zeolite Y
(Deal Y) may be prepared by the method found in U.S. Patent No. 3,442,795. Low
sodium Ultrastable Y (USY) is described in U.S. Patent Nos. 3,293,192 and
3,449,070. ZSM-12 is described in U.S. Patent No. 3,832,449. Zeolite beta is
described in U.S. Patent No. 3,308,069. A preferred adsorbent is zeolite 13X,

20 which is the sodium form of zeolite X.

In an alternative embodiment, the molecular sieve used as the adsorbent is
a molecular sieve having surface cavities with a cross-sectional size greater than
5.6 Angstroms. In this case, the pores of the molecular sieve may have cross-
sectional dimensions greater, less than or equal to 5.6 Angstroms. Examples of

25 molecular sieves having such surface cavities are MCM-22 (described in U.S.
Patent No. 4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25
(described in U.S. Patent No. 4,826,667), MCM-49 (described in U.S. Patent No.
5,236,575), and MCM-56 (described in U.S. Patent No. 5,362,697).

The molecular sieve used as the adsorbent in the process of the invention



The nol ecul ar sieve used as the adsorbent in the process of the invention
WO 02/ 14240 PCT/ US01/ 23528 8 is preferably based on an acidic nol ecul ar

si eve havivgasigpanework silica-to- alum na nolar ratio | ggg/itdeanssk90 and
nore preferably greater than 10, for exanple 20 to 50. Higher silica
zeolites have been found to be nore effective when water is present.
However, the higher silica nmaterials al%o have fewer sites 5 for adsor ption
and are therefore less effective where the aromatic feedstock is

conpletely free of water. The nol ecul ar sieve used in the adsorption zone
of the process of the invention will typically be in the formparticles,

for exanpl e igytoferdbllyhasePbiearescidle mokulaebidve Whligha Gaediofk diliea-ol ecul ar
sieve together with a binder systemto 10 i nprove physical integrity. The

bi nder syst exwmig maagggiio dess than B epd sfore pietr iy greatasthan Wxfates i ncl udi ng
alum na, sil] i | & ot b j .t i i .eferred. It
i's inport antééﬁg*ﬁ%@@éﬁf&ﬁ%ﬁ lljlicgtz?ﬂn?sn%é@gé)g%r} ﬁ@?ﬁ@%ﬁ“ﬁ’@gﬁﬁn@%t ai ned at
or bel ow 130theai water Bpe¢sahi. Movadvel)itlghleiphdraitiva midtetiASalks hivelfedert Gtek NCr ease
the 15 formation of by-product hydrocarbon species and hence |ncrease

pot entPal yiler adsorfionand akpthersiase lesp plleciive wdieribe aeppeptistipedstoskidt em at

hi gher tenp i es the construction and operating cost of the
system Pr e%rﬁjfa[g{tgl?’fﬁ?gﬁ{ enperature in the adsorption zone is 20 to 125 C
and nost pref er ablhe mele2ilat SevehikeCin the hdsorgriondiont ofitheipfodebeofatisor pti on zone
are not crit,ical, but, g[}gner%’I ly, 20 j nclude. a Pressure of atnospheric

pressure to ingrsiopariy typirrlyabaipdhe f?fm@?@icﬂeé’ .016193%8\‘7?‘ . e, SPRFTEY 9tc
ef {1 uent W tAERNILIchBhialtPme HRLcRld: Oftve AREMmES with UEHRR LM 1o T T ee of pol ar
inmpurities and typically contains less than 0.1 ppm an preferably | ess
t han 00 03ppnmpodvepdilyaical inegrityt | Be.biddee systkso cat bomyzafireminsbenof mal Iy i n t he
formof a fixed bed in V\/ni.gh,tqe. 25 ar.ong{lj c feed stream passes either
upf | ow or dGREPRPSIRTRLGHIGSHRCYdipe aluping, sige, ziiconiapandfgpmie Wik i eve
adsor bent 1 e/ipyeS RflAsrefefRYrities from the aromatic feedstock until its
sorption capacity is reached. At this stage, the

It is important that the temperature in the adsorption zone is maintained at

or below 130°C since operating at higher temperatures is found to increase the
15 formation of by-product hydrocarbon species and hence increase potential yield
losses. Moreover, operating the adsorption system at higher temperatures
increases the construction and operating cost of the system. Preferably, the
temperature in the adsorption zone is 20 to 125 °C and most preferably is 25 to
110°C. Other conditions in the adsorption zone are not critical but generally
20 include a pressure of atmospheric pressure to 1000 psig, and a WHSV of 0.5 to
400 WHSYV. The aromatic effluent withdrawn from the adsorption zone is
substantially free of polar impurities and typically contains less than 0.1 ppm, and
preferably less than 0.03ppm, of polar impurities.
The adsorption zone is normally in the form of a fixed bed in which the
25 aromatic feed stream passes either upflow or downflow through the bed.
In operation, the molecular sieve adsorbent removes polar impurities from
- the aromatic feedstock until its sorption capacity is reached. At this stage, the
adsorbent must be regenerated either by stripping with a desorbent, such as steam

or nitrogen, or by heating the adsorbent in air to burn off the sorbed material. In



adsor bent nust be regenerated either by stripping with a desorbent, such as
steam or nitrogen, or by heating the adsorbent in air to burn off the

sor bed netveyd2alizeol N WO 02/ 14240 PCT/ US01/ 23528 9 order t oeaEhltwowenst i nuous
treatment of the aromatic feedstock, the adsorption zone nmay include a
plurality of beds of nol ecul ar sieve adsorbent so that, as one bed is

bei ng regenerated, other bed(s) are aval | abl e for service. Were the
adsorption step of the present invention is used as a 5 pretreatnent for an
aromatic feedstock used in an aromatic al kyl ati on process, the adsorption
zone i s positioned upstream of the aromatic al kyl ation reactor and

ef fectivel y apdatteallswichatimlogy tradtinent sfah@hrpaiatit fevdstoolk,ake A3oHoioa zbime t he
feedstock. The aromatic feedstock is treated in the absence of o] efins.
Any ol ef i n fraauinglyde poluralityof hedso melegassiqve asarbed se dhat.as WA Pediim of t he

adsor ption 2"%9‘%0‘%%?432%&1’%?he}ge‘i(gaa% ld?amaggr}o{)%ﬁ%e_bet ween the aromatic feed

stream and , aside from ‘trace o S that nmay be present in

the aromati c feedwasretthaadsofioharchdttepredent invdiptionas asedtds@ anount of
al kyl ated aromati cs produced by reaction_in the adsorFt,i on zone .is | ess
than 19 wt % dretgsementdpan yomatgfestsieckyssd i shremafp plkylation pragesse®® t han 0. 1

ool the, SERTBLELRad S ASATp IR Al bt RRSRISILA RIS RRd0rPL o

zone, the tre arona an-aromati ¢ al kyl ati on
react or contedfeotivedy protestothatailylaiok ghtatyisoffomaioddr peisonwinahefdelistodkeedst ock i s

contacted under |iqui hase conditions with | ky|] atin agent. The

al kyl ati ng é'g@ﬁf@n%é‘éf%ﬁ&t? 15 freatpgd Hbf@gébww ﬂﬁa ‘ré]e‘i%?ﬁre%lﬁ Qiﬁfgi@éﬁ?gﬂ%rhey 20

i ncl ude an j t : i i : i r nore
y aaﬁx{yyupml roctff is3 RITR b LRI ARAHE o?gfsgafag@gn@@x&momtng t

avai l abl e ating at1c groups capa reaction w he
aromal0 ¢ conpatiod can peair detzley thel drdbmatiefead kiy¢amt ambamyraefmspasdefanng from 1

to 5 carbon atons. E%agpl s of suitable al.kél tin a‘g(l%nts are ol efins such
as et hyl ene,traﬁ?gg‘sﬁ!né 1 1Ay epﬁ???’étﬁﬁél}e_ APale, e @ raTRCntamIpgRS| B (i ncl usi ve
of nonoal Comab%asesiufe'a&mlt§fﬁﬁﬁ%t%éaﬁamﬁﬂcggmluééd%act?&liH%Ma“O'1 et hanol ,

the propanols; the butanols, and the pentanols; "al dehydes such as
f or mal dehydedserpaombatehy dess thandpitdnaf te hyaegtic feed stream and more typically

is less than 0.1 wt% of the aromatic feed stream.

15 After passage through the adsorption zone, the treated aromatic feedstock
is fed to an aromatic alkylation reactor containing an aromatic alkylation catalyst
where the feedstock is contacted under liquid phase conditions with an alkylating
agent.

The alkylating agents useful in the process of this invention generally

20 include any aliphatic or aromatic organic compound having one or more available
alkylating aliphatic groups capable of reaction with the aromatic compound,
preferably with the alkylating group possessing from 1 to 5 carbon atoms.
Examples of suitable alkylating agents are olefins such as ethylene, propylene, the
butenes, and the pentenes; alcohols (inclusive of monoalcohols, dialcohols and

25 trialcohols) such as methanol, ethanol, the propanols, the butanols, and the
pentanols; aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, and n-valeraldehyde; and alkyl halides such as methyl chloride,
ethyl chloride, the propyl chlorides, the butyl chlorides, and the pentyl chlorides.



but yr al dehyde, and n-val eral dehyde; and al kyl halides such as nethyl
chloride, ethyl chloride, the propyl chlorides, the butyl chlorides, and

t he pent ywaed@gdodes. WO 02/ 14240 PCT/ US01/ 23528 10 M xt wicaggusi2iiaght
olefins are al so useful as al kylating agents in the alkylation process of
this invention. Accordingly, mxtures of ethylene, propylene, butenes,
and/ or pentenes which are nmjor consti ttlents of a variety of refinery
streans, e.g., fuel gas, gas plant off-gas containing ethylene, propylene,
5 etc., naphtha cracker off-gas containing light olefins, refinery FCC
propane/ propyl ene streans, etc., are useful alkylating agents herein. For
exanple, a typi Q\aﬁxtﬁ%ofhgﬂbldﬁheﬁtemlﬁiusem@ &ﬂl@ﬁﬁgégannftm | owi ng
conposition: W.% Mle % Ethane 3.3 5.1 10 Ethylene 0.7 1.2 Propane 4.5
15.3 Propy|adadation poagss of thisseputighe Acoorjingly, mixwrapf glwlaies 2. 6 15 But enes
221 18.32 iShaRe Bulhnds, CudorWaGAbANh Rh RO ABPOR RS Rk e 5 Aibigoga k! ati on

process of t I nvent1on are prerera I ns aVI ng car bon

atons and nusfingty efrearad) k)., dhidl\ghe pas pYanQéff—Fgﬁ@Witﬁﬂﬁg eﬂ!@ramlte; mopylenguct s whi ch
may be_obtained fromthe process of the invention include ethylbenzene

from the redddi®p Haa%@#%w&gw ?%taé?lﬁglhéhbdeﬁ@uﬁ%ﬁ’érﬁlﬁ%% the reaction of
b f h
enzene w t 3) ngén &g&n eneSha¥hd %t “%?@u%emgﬁ]l a?ungv\ﬁtélﬁlé O Jr%kéﬁﬁgl% Wt

et hyl ene, the redcti’on o ene propy ene
sec- but yl beraztgpxea]fF@@lltgheolemmaanmqsﬁesbanheftﬂloming Conmdsetivms. The 25

preferred reaction products are ethylhbepzene and cunene. The aronmatic

al kyl ation catalyst is a nol ecul ar si and pr bly is a nolecular
si eve selected frightteol ite beta, MOM-32, Mom 49l and MOM 56.
10 Ethylene 0.7 1.2
Propane 4.5 15.3
Propylene 42.5 46.8
Isobutane 12.9 10.3
n-Butane 33 2.6
15 Butenes 22.1 18.32
Pentanes 0.7 0.4

The alkylating agents useful in the alkylation process of this invention are
preferably olefins having 2 to 5 carbon atoms and most preferably ethylene or
20 propylene. Reaction products which may be obtained from the process of the
invention include ethylbenzene from the reaction of benzene with ethylene,
cumene from the reaction of benzene with propylene, ethyltoluene from the
reaction of toluene with ethylene, cymenes from the reaction of toluene with
propylene, and sec-butylbenzene from the reaction of benzene and n-butenes. The
25 preferred reaction products are ethylbenzene and cumene.
The aromatic alkylation catalyst is a molecular sieve and preferably is a
molecular sieve selected from zeolite beta, MCM-22, MCM-49 and MCM-56.
The same molecular sieve can be used in the alkylation reactor as that used for the
adsorption zone. |
30 The alkylation step of this invention is conveniently conducted under
conditions including a temperature of 0° to 500°C, and preferably 50° to 250°C, a
pressure of 0.2 to 250 atmospheres, and preferably 5 to 100 atmospheres, a molar



The sane nol ecul ar sieve can be used in the al kylation reactor as that used
for the adsorption zone. 30 The al kylation step of this invention is

conveni enogyaan@uct ed under conditions including a tenmpe@Eiukog 288280 to
500C, and preferably 50 to 250C, a pressure of 0.2 to 250 atnospheres, and

preferably 5 to 100 atnospheres, a nolar WO 02/14240 PCT/ US01/ 23528 11
rati o of al kylatable aromatic conpoundlﬂo al kyl ating agent of 0.1:1 to
50:1, and preferably 0.5:1 to 10:1, and a feed weight hourly space
velocity (WHSV) of 0.1 to 500 hfl, preferably 0.5 to 100 hr-1. Wen
benzene is al kylated with ethylene to produce ethyl benzene, the 5

al kyl ation Frﬁﬁ@bfQlkyiaﬁabwﬁf)ﬁéﬁ@d:dtnlﬁﬁlhﬂit@dlkglaﬁn%lag’éhlt o£0Ndi thi50His ahdcl udi ng a
t enperature between 300 and 600F (150 and 316C), preferably between 400
and 500F (2aBeimbly8dad)to 19:1xpeda fred whighthosdpepass ivelocn BYEIRDHE 0.1or ef er abl y

bet ween 400 0 } f’(ﬂfjl 5600 kPa), a space velocity between 0.1
and 20 V\HS\}gryéPe érpgiffe%bgé(?gwg’oen 17ahd 6 WHSV, based on the ethyl ene feed,

and a 10 rati o of whbgebberieRealltyhtédwitiethylapeo pfodubeeth lbynahé,ahe r eact or
from1:1 to 30:1 nolar, preferably from1l:1 to 10:1 mplar. Wen benzene is
al kyl a¥ ed wialkylptigyppeiim is proferaly carried puhwnder penditiensingnding 8 pref er abl y

carried out L] ol NG| dds o b c, e.g.,
ip 1o 150C, ‘Sigetanfe BT R BE I 5B hETDREE). S Gebr ek il | 2.2
15 e.g., frandi500er @D5ahid3607€) espressutt @ntoB000PLis 20873 rkPay peirabbi ght
hourly space velocity &%YENQ of from5 hil to 250 hf |, preferably from5
hr-1 to 50 Hetween 4Q«ingd SORREIZd 28RN N0H0 kBak £ ssPdFe Yeledily betweandd-1 asd agent i n
t he al kyl atigywHeA C HhAgs i I omatic
product, for exarrsg\ﬁ %Eaﬁ&l ]%g‘ggégnlga%& cuneﬁ’g@lsiﬁ%e@g%, t%@eé ‘g‘lf‘ﬁg?g{i. on
produt® st r eativof the bensone tatheyetiRlenean tla aikylatfigradekotbafred 1spwc3tes whi ch are

preferably separated d.fed to a transalkylation zone for reaction with
addi ti onal %E?F}ﬂgﬂaggaﬁ%ﬁat#@]@o]r% d, such as benzene, in the presence

O ot 2 AL RS ucceilis i or 21
is preferably carried out under conditions including a temperature of up to 250°C,
e.g., up to 150°C, e.g., from 10° to 125°C; a pressure of 250 atmosphereés or less,
15 e.g., from 1 to 30 atmospheres; and an aromatic hydrocarbon weight hourly space
velocity (WHSV) of from 5 hr™! to 250 hr”, preferably from 5 hr to 50 hr''.

The aromatic compound reacts with the alkylating agent in the alkylation
reactor to produce to the desired monoalkylated aromatic product, for example
ethylbenzene or cumene. However, the alkylation product stream will inevitably

20 contain polyalkylated species which are preferably separated and fed to a
transalkylation zone for reaction with additional alkylatable aromatic compound,
such as benzene, in the presence of a transalkylation catalyst. The transalkylation
catalyst is preferably selected from zeolite beta, TEA-mordenite, MCM-22,
MCM-49 and MCM-56. The transalkylation reaction is also preferably conducted

25 under liquid phase conditions.

The invention will now be more particularly described with reference to

the following examples.

Example 1 (Comparative)




MCM 49 and MCM 56. The transal kyl ation reaction is also preferably
conducted 25 under liquid phase conditions. The invention will now be nore
parti cul aplgyo2dgeseri bed with reference to the foll ow ng exampa®s2sfyanpl e 1
(Comparative) WO 02/14240 PCT/ USO1/23528 12 A mxture of 1 part by weight
acetonitrile in 99 parts by weight toluene was prepared using reagent
grade toluene and acetonitrile. A seri d2 of batch runs was carried out
with ZSM5 zeolite having a silica-to-alumna nolar ratio of 26 as the
adsorbent. Prior to contact with the acetonitrile:toluene mxture, the
ZSM5 was 5 activated by calcination at 500C. In each run, a fixed vol une
of the tol uene: acefigniddfl Il gure®} weightacormittityihd0tpats by Weigha kot wasount s of
dry adsorbent in_a glass container at 25C and atnospheric pressure. After
12" hour s gasPrepspdngibsipeaphistadgialupas apndscetopidrilyo |Ausarish ofbatcl Bmsivdd out
wth 2 wt% 2, 3. di . t bei 0, ' |.nt er nal
ref er ence. agn?d;déﬁ@yji%\%b%%hlge llé%%legi??d %%—éo—%ﬁ@&gaﬁ@élﬁtt I|la(rqIB Zg? ggﬁebel ow.
Tabl e 1 Adsoddsbibent. FrioAeetaitdct Mitheth®yceldplibrie: {obicaR hARES the 2801 was
Equilibrium Acetonitrile Concentrati % Acetonitril e Adsorbed,

le. on, W
Sol utidn Chaicidatedby selstationit 05 gl cachren adixse valssafdhe 10 3.6 0.029
22.7 10 3. . . . . 0 1.20
0.336 46.2 BB B greds Aoidn s Copb i pary Remttal f Hhy fdsppbent
acet oni tri | einkyglakeomdMebatedFSOmhé ntmovpkeric pressure. After 12 hours gas
chromatographic analysis of the solution was carried out, with 2 wt% 2,3
dimethylbutane being added to the solution as an internal reference. The results

10 of the experiments are given in Table 1 below:

Table 1
Adsorption of Acetonitrile by ZSM-5 (Si0,/Al,03 = 26:1)

Equilibrium
Acetonitrile Concentration, wt% Acetonitrile Adsorbed,
Solution Charge, ml { Adsorbent Charge, g mg/gram of adsorbent
10 3.6 0.029 22.7
10 3.15 0.033 25.8
10 1.84 0.146 39.0
10 1.60 0.201 419
10 1.20 0.336 46.2
10 0.54 0.645 54.4
15
At equilibrium, the uptake of acetonitrile by the ZSM-5 adsorbent was
approximately 55 mg/g of adsorbent.
Example 2 (Comparative)
20 A mixture of 1 part by weight acetonitrile in 99 parts by weight toluene was

prepared using reagent grade toluene and acetonitrile. A series of batch runs was
carried out with another sample of ZSM-5 zeolite that had a silica-to-alumina
molar ratio of 700. Prior to contact with the acetonitrile:toluene mixture, the
ZSM-5 was activated by calcination at 500°C. In the same manner as in Example

25 1, a fixed volume of the toluene:acetonitrile solution was contacted with varying



approximately 55 ng/g of adsorbent. Exanple 2 (Conparative) 20 A m xture of
1 part by weight acetonitrile in 99 parts by weight tol uene was prepared
usi ng reageyd21gi@de tol uene and acetonitrile. A series of pfratgdeipssas was
carried out with another sanple of ZSM5 zeolite that had a
silica-to-alumna nolar ratio of 700. Prior to contact with the
acetonitrile:toluene nixture, the ZSMI8 was acti vated by cal ci nation at
500C. In the sanme manner as in Exanple 25 1, a fixed volunme of the

t ol uene: acetonitrile solution was contacted with varying WD 02/ 14240

PCT/ US01/ 23528 13 anounts of dry adsorbent in a glass container at 25C and

at nospheri ¢ gh@asisRiry adddrBint i2a BRW SonGiger D2 STRInAGABEheria padsytge.s of the
solution was carried out, with wt % 2, 3 di net hyl but ane bei ng added to the

sol ution as Affen 1% haupagasrchfanatngiephic Thalysivelthe solytion Was expied pwieWith ar e

Iven in Tab.  « Table.2 L DL f it il ZSM 5

?Si 02/ A1203 éj,%&b%&%ﬁwg ¢ feie %@ﬁé@he%ﬁu@oﬁ%&ﬁpﬁ{ﬂlrg effg‘é%‘r bed,

Sol uti on Chargesesults ofdisOsRiimetRardgveaTdN 2 bélown, W % My/ gr am of
adsorbent 10 4.20 0.092 18.2 10 3.88 0.072 20.1 10 2.05 0.235 31.1 10
1.65 09271 36.8 10 1.43 0.325 39.3 10 0.71 0.577 48.9 10 At equilibrium
the uptake of acetonitrile by the ZS%;Dléﬁi 02/ Al 23 = 700:1) adsorbent was
approximately 49 ng/ g of adsorbent, Ich™is slightly lower than the val ue

obt ai ned in Exanpl e 1.AdsbrpivamplA@ednitrile by ZSM-5 (Si0./Al,03 = 700:1)

Equilibrium Acetonitrile Acetonitrile Adsorbed,
Solution Charge, ml Adsorbent Charge, g Concentration, wt% Mg/gram of adsorbent
‘ 10 4.20 0.092 18.2
10 3.88 0.072 20.1
10 2.05 0.235 31.1
10 1.65 0.271 36.8
10 1.43 0.325 39.3
10 0.71 0.577 48.9
10
At equilibrium, the uptake of acetonitrile by the ZSM-5 (SiO,/AL,03 =
700:1) adsorbent was approximately 49 mg/g of adsorbent, which is slightly lower
than the value obtained in Example 1.
15 Example 3
A mixture of 1 part by weight acetonitrile in 99 parts by weight toluene was
prepared using reagent grade toluene and acetonitrile, A series of batch runs was
carried out with a sample of MCM-22 zeolite that had a silica-to-alumina ratio of
26:1. Prior to contact with the acetonitrile:toluene mixture, the MCM-22 was
20 activated by calcination at 500°C. In the same manner as in Example 1, a fixed

volume of the toluene:acetonitrile solution was contacted with varying amounts of
dry adsorbent in a glass container at 25°C and atmospheric pressure. After 12
hours gas chromatographic analysis of the solution was carried out, with 2 wt%
2,3 dimethylbutane being added to the solution as an internal reference. The

25 results of the experiments are given in Table 3 below:



A mxture of 1 part by weight acetonitrile in 99 parts by wei ght toluene
was prepared using reagent grade tol uene and acetonitrile. A series of

bat ch rungovgs2@arried out with a sanple of MCM 22 zeol i tpeitsal/ b8 a
silica-to-alumna ratio of 26:1. Prior to contact with the
acetonitrile:toluene mxture, the MCM 22 was 20 activated by cal cination at
500C. In the sanme manner as in Exanpleli, a fixed volune of the

t ol uene: acetonitrile solution was contacted with varying anmounts of dry
adsorbent in a glass container at 25C and at nospheric pressure. After 12
hours gas chromat ographi ¢ anal ysis of the solution was carried out, with 2
wt% 2,3 dinmethyl butane being added to the solution as an internal
reference. The 25 results of the experinments are given in Table 3 below. WO
02/ 14240 PCT/ US01/23528 14 Table 3 Adbidtion of Acetonitrile by MOM 22

Sol uti on Char ge, i *AaLbr boet ABARRLE R Ml A G d) o am o

adsorbent |10 4.48 0.00p 18.7 10 3.90 0.000 21.6 10| 2. 80 0.012 29.6 10
2.14 0.048{37.6 10 1.3P 0.203 50.6 [LOEqilirgmecetumiiiisg) 4A°etfll’9t“’9Aq€1rb‘i§ 484 60.0

5 A _equi | |DPPUREEERAL.D: AREITHEC opi-+ FPFATNE: vile ORI s -
. 4 0.0 18.7 . ;

26: 1) adsofbent Ytp.a app oXt n‘ag" y—60—1g7 ¢ U|O gsorbent; 6 her

t han that [obtarfd T grther; ranpter I or 2,4 1T addi tTom,—tHig MeM2)2

adsorbent Was  my e eif ectivesiq) TenoNvi Ng aqae®Ni LTi T Tromssgl utions at
the higher|{lToadimgs of [acetompirile.| Conplei2e3srenoval of aceéonitrij e was

achieved. [0 Example 4 0.76 0.454 59.4
10 0.71 0.484 60.0
5 At equilibrium, the uptake of acetonitrile by the MCM-22 (SiO,/Al,03 =

26:1) adsorbent was approximately 60 mg/g of adsorbent, which is higher than
that obtained in either Example 1 or 2. In addition, the MCM-22 adsorbent was
more effective in removing acetonitrile from solutions at the higher loadings of
acetonitrile. Complete removal of acetonitrile was achieved.
10
Example 4
A mixture of 1 part by weight acetonitrile in 99 parts by weight toluene was
prepared using reagent grade toluene and acetonitrile. A series of batch runs was
carried out with a sample of 13X zeolite that had a silica-to-alumina ratio of 2.5:1
15 and which had been activated by calcination at 500°C. In the same manner as in
Example 1, a fixed volume of the toluene:acetonitrile solution was contacted with
varying amounts of dry adsorbent in a glass container at 25°C and atmospheric
pressure. After 12 hours gas chromatographic analysis of the solution was carried
out, with 2 wt% 2,3 dimethylbutane being added to the solution as an internal

20 reference. The results of the experiments are given in Table 4, below:

Table 4
Adsorption of Acetonitrile by 13X (SiO2/Al,05 =2.5:1)



A mxture of 1 part by weight acetonitrile in 99 parts by wei ght toluene
was prepared using reagent grade tol uene and acetonitrile. A series of

bat ch rungovag42@arried out with a sanple of 13X zeolite tpatudeadsas
silica-to-alumna ratio of 2.5:1 15 and which had been activated by
calcination at 500C. In the same nmanner _as in Exanple 1, a fixed volunme of
the tol uene: acetonitrile solution was déntacted with varyi ng anmounts of
dry adsorbent in a glass container at 25C and at nospheric pressure. After
12 hours gas chromat ographi c analysis of the solution was carried out,
with 2 wt% 2,3 di net hyl butane bei ng added to the solution as an internal 20
reference. |The results off the experinents are given in Table 4, bel qw

Tabl e 4 Adgorption of Acdtonitrile by 13Mu{liBju@2teehBy |=ARtomtilp dsp3d0 2/ 14240
PCT/ US01/ 235@%@%@&&%&%&44 i Cene /% ¢ | nt

Sol uti on Charge; ivg Adserbent @"%rgc, g—Conrece Cg,/ o —wt %J.ﬂ‘g\g%amqf
adsorbent #6585 6004 I A 037216007 ¢, 51012234 ;9143772 10
1.68 0.030 (4875 O 74008503 7 Al eqguit ummtthe uptake of

Y 168 quiTd.d3s Plsg

acetoni tril[e by The 13X gdsor ban was at T easjoss 103 g/ g of i@dsor bent ,
which is higher than that obtained in either Exanple 1, 2, 5 or 3. Exanple
5 A solution was prepared containing 25 ppm of N-fornyl-norpholine and 200

ppm wat er and was 2 i i g0 i under
B trogen a; maCARUREREE L ittt Ha R B AT R AR SRR ANBAT, 750
hours t he anmBnhg/gfofadsorbgenwiichizihigheg than thit@bsdladtih eitharBkahipée Brapunt  of

nitrogen adsorbed by the adsorbent. were neasured by chem | um nescence.
The redults ¥de shown in Table 5.

Example 5
A solution was prepared containing 25 ppm of N-formyl-morpholine and
200 ppm water and was contacted with various molecular sieve adsorbents under
10 a nitrogen atmosphere and at reflux conditions of about 110°C. After 24 hours the
amount of nitrogen remaining in the solution and the amount of nitrogen adsorbed

by the adsorbent. were measured by chemiluminescence. The results are shown in
Table 5.



WO 02/ 14240 PCT/ US01/ 23528 16 Table 5 Adsorbent Mass of "N' in "N' in
Adsor bent Adsorbent Sol ution USY 250nL solution 0.02 24 9750 50nL

sol uti on Wolo2heB5500 50k solution 1 1 859 50nlL sol uti eetsh133kks 13X
250nL solution 0.02 24 9500 50nL solution 0.1 7.6 6200 50nL solution 1 1
215 50nmL solution 5 1 180 Spent MCM 22 250nmL solution 0.02 28 3500 50nL
solution 0.1 20 1800 50nL solution 1 261200 50nl solution 5 1 148 The
spent MCM 22 was a catal yst which had been used in a cormercial 5 cunene
pl ant and whi ch had been regenerated after renoval fromthe plant at the
end of its useful life. Whereas each sieve tested showed activity for the
renoval of the N fornyl-norpholine, Tdige §SY and 13X exhi bited hi gher
sorption capacity than spent MCM 22. WO 02/ 14240 PCT/ US01/ 23528 17

CLAI MS: 1. A process for renoving polar conpounds froman aromatic

Adsorbent Mass of "N" in "N" in Adsorbent
Adsorbent Solution

USYy
250mL solution 0.02 24 9750
50mL solution 0.1 ©13 5500
50mL solution 1 1 859
50mL solution 5 1 331

13X
250mL solution 0.02 24 9500
50mL solution 0.1 7.6 6200
50mL solution 1 1 215
50mL solution 5 1 180

Spent MCM-22

250mL solution 0.02 28 3500
50mL solution 0.1 20 1800
50mL solution 1 1 1200
50mL solution 5 1 148

The spent MCM-22 was a catalyst which had been used in a commercial
5 cumene plant and which had been regenerated after removal from the plant at the
end of its useful life.
Whereas each sieve tested showed activity for the removal of the N-
formyl-morpholine, the USY and 13X exhibited higher sorption capacity than
spent MCM-22.



f eedst ock contai ni ng pol ar conmpounds, said process conprising the steps of
5 (a) contacting said feedstock in an adsorption zone with an adsorbent

sel ecti vewlpanuhe adsor ption of said polar conpounds, sai pcTaghonbest
conprising a nol ecul ar sieve having pores and/or surface cavities with
cross-sectional dinmensions greater than 5.6 Angstrons and sai d adsorption
zone being at a tenperature of |ess 10 ’han or equal to 130C, and (b)

wi t hdrawi ng from said adsorption zone a treated feedstock which is
substantially free of said polar conmpounds. 2. The process of claim1,
wherein the nol ecul ar sieve has pores with 15 cross-sectional dinensions
greater thancBA@vifngstrons. 3. The process of claim2, wherein the

nol ecul ar sieve is selected fromthe group consisting of zeolite X
zeolite Y, Utrastable Y (USY), ZSM 12, nordenite, zeolite beta, zeolite

L, and zeolite ongga. &?)rcﬁ:'ess-r ?ﬁ&ﬁ&ﬁ& olﬁ)xfco p;%hH& fro%ﬁra%rﬂatiche ol ecul ar

sieve has surface cavities W a cross-sectional Size greater than 5.6

Angstrons. Sfeeddickivoan@fitg polactdnpbuhds, whidpeddesd dienpriirotik atepsbeve 1S
selected 25 fromthe group consistingkpf MCM 22, MCM 49 and MCM 56. 6. The
procesd of claim@® wheongckHng prid feadsieck dransdsgrptiagone with pe adsogbeny| umi na

Lomperature i o 20 to 9AC GBS TR REFRLRAs By M 110 Docess of
claim1, wherein said ddeofbentadouipeising adholeculdrldiéve haQing Poeesndess of claim

1, wherein the treated feedstock contains |l ess 5 than 0.1 ppmof said
pol ar conpounds. 10. AWRFeFATIHES withoPsesHons dorensions gisafeithig She st eps of

(a) contacting an arompii&-heedstaak g&ﬂg | 2 Folalp-T A 1&9&?@%%#] j.n an
adsorption zone with an %%gorbe§% Hhd 6t 2Bl o te ess
10 than or equal to 130°C; and
(b) withdrawing from said adsorption zone a treated feedstock which is

substantially free of said polar compounds.

2. The process of claim 1, wherein the molecular sieve has pores with
15 cross-sectional dimensions greater than 5.6 Angstroms.
3. The process of claim 2, wherein the molecular sieve is selected

from the group consisting of zeolite X, zeolite Y, Ultrastable Y (USY), ZSM-12,

mordenite, zeolite beta, zeolite L, and zeolite omega.

20
4. The process of claim 1, wherein the molecular sieve has surface
cavities with a cross-sectional size greater than 5.6 Angstroms.
5. The process of claim 4, wherein the molecular sieve is selected
25 from the group consisting of MCM-22, MCM-49 and MCM-56.
6. The process of claim 1, wherein the molecular sieve has a silica to

alumina molar ratio less than 100.

30 7. The process of claim 1, wherein said temperature is 20 to 125°C.



10 selective for the adsorption of said polar conpounds, said adsorbent
conprising a nol ecul ar sieve having pores and/or surface cavities with a
Cr 0ss- secivigapalizg@i mensi ons greater than 5.6 Angstrons angEaidiaskar ption
zone being at a tenperature of |less than or equal to 130C;, 15 (b)

wi t hdrawi ng from said adsorption zone a treated feedstock "~ which is
substantially free of said polar conpodfds; and (c) passing said treated
feedstock to an al kyl ati on zone contai ning an al kyl ati on catal yst
conprising a nolecular sieve and contacting said treated feedstock with an
20 al kylating agent in said al kylation zone under liquid phase alkylation
conditions so as to produce an al kylated aromatic conpound. 11. The
process of claim 10, wherein the al kylation catal yst conprises 25 a

mol ecul ar si eve skl ect’Bif Hreesss phelagn bupheeinshiditemperaturg BASitod 196t a, MOM 22,
MCM 49 and MCM 56. 12. The process of claim 10, wherein the aromatic
feedstock is benzene and alkylating agent is ethylene or propyl ene

9. The process of claim 1, wherein the treated feedstock contains less

5 than 0.1 ppm of said polar compounds.

10.  An aromatic alkylation process comprising the steps of:
(a) contacting an aromatic feedstock containing polar
compounds in an adsorption zone with an adsorbent
10 selective for the adsorption of said polar compounds, said
adsorbent comprising a molecular sieve having pores and/or
surface cavities with a cross-sectional dimensions greater
than 5.6 Angstroms and said adsorption zone being at a
temperature of less than or equal to 130°C;
15 (b) withdrawing from said adsorption zone a treated feedstock
which is substantially free of said polar compounds; and
(c) passing said treated feedstock to an alkylation zone
containing an alkylation catalyst comprising a molecular
sieve and contacting said treated feedstock with an
20 alkylating agent in said alkylation zone under liquid phase
alkylation conditions so as to produce an alkylated aromatic

compound.

11.  The process of claim 10, wherein the alkylation catalyst comprises
25 a molecular sieve selected from the group consisting of zeolite beta, MCM-22,

MCM-49 and MCM-56.

12.  The process of claim 10, wherein the aromatic feedstock is benzene

and alkylating agent is ethylene or propylene



