WO QZ/ 14240 1 REMOVAL, OF POLAR CONTAM NANTS FROM ARQVATI C FEEDSTQC;{;%% Eﬂ%
2005 PCT/USO01/ 23528 Field of the Invention This invention relates £8 2
processyiggyf1efpVvi ng pol ar contam nants from aromatic fgeggisefiesand, in
particular, to an aromatic al kylation process enploying pretreatnent of the
aromatic feed to renove nitrogen contam nants. Background of the Invention
10 In a typical aromatic al kyl ati on prlocess, an aromatic conpound is reacted
wi th an al kyl ati ng agent, such' as an olefin, in the presence of acid

catal yst. For exanple, benzene can be reacted with ethyl ene or propylene to
produce ethyl benzene or cumene, both of which are inportant internediates
in the chem cal indus gmat i ¢ al kyl ation
processes 15 nornal |y oSed—~ F——cat al yst, but nore
recently these materials FR@MMMAI’H@ Fmgq;ocmSecul ar sieve catalysts.
Thus, it is known from U S Patent No, 4,891,458 to enploy a zeolite beta
catalyst in the alkylation of aromatic conpounds with C2 to C4 olefins. In

addition, it . .s.knawm fromU. S. Patent No. 4,992,606 to enploy MCM 22 in
the al kyl aﬁ%ﬂ.—m = c 20 conpounds with short chain (namely having 1-5
carbon atons) alpyyd ﬁ%rﬂﬂm%ﬂl%fé&%a pRYcessor femdVike/paths QtMiAGRS &8 enpl oyi ng

nol ecul ar sieve catal ysts can be conduct ed ineither the vapor phase or the

li quid phasmmﬂm/@eétqcksnndummulanheanmnmm(ﬂ]séﬂtemtpmq:dsy and decreased
capi tal and o er.ati ng cost soci a 3. qul d ase operation, nost
commer ci al “HFKSY'A8 PEHCH eﬁg@ﬁ t"S 8¥Hatf°é°'&ﬂ&%?’t@§g‘a?°’t'¥ﬁ’g‘f‘mﬁart ial i qui d
phase conditions. Unf ort unately, one di sadvantage of operating under liquid
phase conditions is that the nolecular sieve catalysts tend to be nore
sensitive tBackiwoupdefthedevestionnpurities in the feedstocks, particularly

DO gy ComoUnds RS b RO ERTPRRRALS; o e el lSs Fadige the acid

with an allcylating agent, such as an olefin, in the presence of acid catalyst. For

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 AlCl; 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have been replaced by molecular sieve catalysts.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 C, 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 feedstacks, particularly

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



PCT/ US01/ 23528 activity of the catal yst and hence decrease the cycle tine
between required regenerations of the catalyst, The use of guard heds to
renove trace contam nants from hydrocarbon feed streans is well k B0 EBn 2005
the art.wghbgdg especially true for petrochenical 5 and,&sppgisky chem cal
operations where product purity is critical. Normally, materials [1ke
bentonite clay, kaolin clay or special activated alum nas are used and are
pl aced upstream of a catal yst-containi8g reaction vessel. The clay or
alumina materials trap inpurities in the feedstocks so that product purity
specifications can be met and poi soning of the catal yst can be reduced.
However, 10 known clay and alum na guard beds have |imted ability to reduce

the basic ni.tro i riti in aromatic feedstreans to . | ow | evel s
required foqchﬁgg%?ﬂle “rqﬁ%a}[ﬁ‘dﬂgﬁa%"é ‘%Frl?ﬁeatk‘fz 8%‘%\?)&5’8@5@%‘?9 rgﬂ)lplte}‘gver, clays are
general ly n:@%cmﬁtdfm@catél?stf egeneration and hence nust be di scarded when
their adsorplion capacity is” reached. 15 U S. Patent Nos. 5,744, 686 and

5,942, 650 descr i Bhe pseoafamankbddsito tdmovertmce contaminantstfromy bydrocarbounds from an
aromati ¢ hydrocar bon. str,eam by. ont ing the drogcar bpn .strreamwith a
sel ective ﬁfgg@ﬁgaws ’éd?‘ﬁlfm"ﬁgmégﬁaﬁ ’éi‘gf’st?eﬂ%ﬁ%%?g?f’%ﬁ'gwnﬂ ing a silica
t | gmi i Qe : i I th

o al ym na ﬂegfaﬁ‘%{cﬁﬁhﬁaﬁgj&?ﬁtﬁn‘gfwﬁ%r@a&é Bﬁggggrﬁﬁg%ﬁ ?lio?ﬁﬁltrl%r o €ss than

5.5 Angstrons. cases the sel ective IS a cul ar sieve
sel ect ed fr matetrfads lechentonite izt kadinoflaypar speciblacedated elmimitas atd\usedeol i t e 4A,
silicalite, F-silicalite, ZSM5, and m xtures thereof. ubl i cation No.
WO 98/ 07673304 arg|placed ugs gﬁ%%‘@b’“ﬁéﬁﬁ%&awﬂ vasRs) E’géraﬁb'éﬁzene or

mxture of abthPraR-ARERNEDUR I R0 180G A prifi kKisinitially

contacted with a sol I'n a pretreatnent zone at a 25 tenperature
gr eat er t haspesificatiod3€:D Endet @sipoisoaingaifdhg cabdpEcan beredatedl Howevergnpl oyed

may he an alum nosiligate selected from/ZSM5, ZSM 11, ZSM 35,
clindStilol L{‘%","nf’ raPé'ra&"c‘%‘Pa gpard c@@ﬁa@@@}ed@ylgy to FFIIS‘P%%etbé?czeol ite omega,
zeolite be 8 S aeiid &Sin 1B0TRL dPelRirefmdMc e IGARGEIS e difireddEPdelif L MM 22,
MCM 41, NCk?ﬁf’& ﬁm aﬁoal MCM 58, Tﬁe pre.t‘rzeatenﬁ %en ene 1's tehen cont act ed
wi t h WO 02/ h§Ridi(pHaselalkiatian Piocesses. Moreover, clays are generally not susceptible

to regeneration and hence must be discarded when their adsorption capacity is

reached.

15 U.S. Patent Nos. 3,744, 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 A.ngstr'oms. In both cases the selective

20 adsorbent is a molecular sieve selected from the group consisting of pore-closed
zeolite 44, 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



PCT/ US01/ 23528 an al kyl ating agent in an al kylation zone or with a
transal kylating agent in a transal kylation zone in the presence of an
al kyl ation/transal kyl ation catalyst which may be sel ected from ndl deREBe2005

zeol i te @AM S, ZSM 12, zeolite Y, zeolite onmega, BPrAiselbds8y. zeolite
L, MM 22, %Sé-ZS, MCM 36, MCM 49, 5 MCM 56, MCM 58, and a porous?

crystalline magnesiumsilicate. In accordance with the present invention, it
has now been found that nolecul ar siéves having pores and/or surface
cavities with a cross-sectional size greater than 5.6 Angstrons are nore
effective for renoving nitrogen contam nants from aronmatic feedstocks than
the small pore materials described in U S. Patent 10 Nos. 5,744, 686 and

5,942, 650. (AR . be effected at
a tenperat aﬁ/gﬁ&ga\s@gtaﬁgét @%@ aﬁ%%orkﬁ%lgﬁ%%}rﬁb ﬁgﬁéﬁ%ﬁs#ﬁ“@@ a%ﬂﬁf‘iacat ion No. WO
98/ 07673 t hahsivylateshigdredn thepréenomsf mnlioflaton/ pardiglation xatalgsar bon speci es

and hence in potential yield |losses, as well as reducing the construction

and oper at ivtichcmey befelepted fiom mprsignits gedite betgy ZIM-SiiMr 2, s9olith¥, | nvent i on

| t.. the | i i i f i |
comounds. Praeaiegpoiirt R08l R HEY McRL B 355035 MM SEMCRA B0 o
process CQHQM~SE,MGM358§hﬁpﬁgﬁbui&yﬁﬁﬂiném@ﬁéﬁﬁrﬁ@ilﬁ:&ied feedstock in an

adsorption zone wth an adsorbent selective for the adsor(gtion of said
pol ar conpounds,Ingacerdarpsoyitfethe peasepfrinantigndt hasgiavebgearfounathat havi ng pores

Angstroms. dRiceae i Selieh er SRR ke B ines MR R rdBR Fhas "Than or
equal to 1ﬁ&teﬁﬁ§ln B3 ARgstotishet Mol diebiedlios 2rHovielg Aitidigk® SordtAifadtst I eat ed
f eedst ock ich is substantiall Kefree of said polar conmpounds. The term

"subst ant i afém afqmasicofeedsipaks tan soathpera deAteriads desedbddoindy §. Patentnean t hat
t he eat ed, f eedsto [of0) ' t han. 0.1 a re preterably | ess
han 1B 03 o SR 4etn Gt i S e  bad pieR Toutt ol s SrBanm g
PCT/ USO01/ 2328 fected at a temperature less than the 130°C minimum taught in PCT
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 Inyention
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 ata
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 cornpounds” 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.



4 Preferably, the nolecular sieve has pores with cross-sectional dinensions
greater than 5.6 Angstrons. More preferably, the nolecul ar sieve i 3%@?20651
from the group consisting of zeolite X, zeolite Y, Utrastable YU(S&J :
ZSM 12, wowmydemi te, zeolite beta, zeolite L, and zeol it epomrzai2¥s2s

Al ternatively, the nolecul ar sieve has surface cavities with a cross-
sectional size greater than 5.6 Angstrons. Morre preferably, the nolecul ar
sieve is selected fromthe group condi st i ng of MCM 22, MCM 49 and MCM 56.
Preferably, the nolecular sieve has a silica to alumna nolar ratio | ess
than 100. 10 Preferably, said tenperature is 20 to 125C and nost preferably
Is 25 to 110C In a further aspect, the invention conprises an aronmatic

al kyl ation proCggfera o MRE kil BRve hePsort with Blos.OctiaRAI difheRliofs Ot i C
f eedst ock contal ning polar conpounds I1n an 15 adsorption zone with an

adsor bent gehterthiaud.6 Anggtivensaddarepreferablyf, theanolecylad sieveds splected SToms ai d

adsor bent conprising, a nolecul Si ev Vi ng res _a r..surface cavities
with a cr ol EER ?@ﬁﬁ?mﬂPhﬁng&szeﬁﬁQﬁmaﬁtﬁ@ﬁ%@%m&& and said

adsor pt'onm%P&ﬁitP,eieGHteaﬁet ’gdéﬁpgrgﬁ&lie%ﬁ&fodég%%s than or equal to 130C, 20

(b) withdraw ng fr'om sai orption zone reated feedstock which is
subsfanti al | y f Adermatively| the padlanlaraigre hagdairfaae caviigs wials aicrgyssai d treat ed
feedstock to an al kyl ati on zone contai njng an | kyl ati gn catal yst

conpri si ngseé“ﬁmlé&ﬂ%?at%ﬁ‘g%“es-grfcf‘&%ﬂrtn&c %‘@P’é’—&ir&l)'{ eRAsrasiRMedEk with an

al kyl ating | ' I gt ] > § b Qg ppase al kyl ation
condi ti onsseglg&%}isfrtblgl %?gg)ﬁé:%égﬁ&ygﬁ%%teggzéﬁ%? ?g a}l‘?:g}frr%gluﬁg Preferably, the
al kyl ati on cat aPyftrablynritei sslsculamsdvediab asilich ayvdumelacnbiad ratfo less thae gr oup
consi sti nglge‘) zeolite beta, MCM 22, MCM 49 and MCM 56. WO 02/ 14240 5 0 4 FEB
2005 .

10 Preferably, said temperature is 20 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:
(a) 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 selscted
from the group consisting of zeolite beta, MCM-22, MCM-49 and MCM-56.



PCT/ USO / 23528 Detai |l ed Description of the Invention This invention relates
to a process for removing polar contaminants from an aromatic feelidt BEB. 2005
More pa y, this invention relates to a liquid ph ¥R i CS

al kyl at S‘E)(?l&l#r o?:dess whi ch includes subjecting the aromatic ﬁé /gegfs{t ock to a5
pretreatenent step for the selective renoval of polar contam nants that

poi son aromatic al kylation catal ysts.5 Such contam nants include nitrogen,
sul fur, and oxygen contai ni ng conmpounds, particularly those that boil in
the sane ranges as benzene, toluene or xylenes. Especially problematic are
basi c nitrogen conpounds, such as pyridine, quinoline, N-fornyl-norpholine
and N-net hy. ) e they neutralize the solid acids that
conpri se nost—t S ) al kyl ati on catal ysts. The process nay
al so effective mﬁs ﬁxb@m{c&rfemésto prrddégiﬁﬁfﬁn&‘ovﬁfgtpdl&%onmtnhﬂk'ﬂ%ﬁly sal ts.
For exanpl e, dependi on the nol ecul ar sieve adsorbent enployed, the

sel ecti ve gompomatic fgc%@m Mwmﬁfmml}'hﬂmanﬁmﬂmabbtﬁs e a diguid phase em)ve

o) that SareinscHR eroser” yhich Ba rRet e (B2 o Rk do b

ref ergnce tpee&éaeaﬁ@ﬁgﬁbqsmembmemoba ofb@lﬁf &ﬁltﬁﬁnaﬁ@%ﬁ%ﬁbﬁt ion process

of the present invention is used herein in accordance with its
ar t - r ecogniasreytaticdlplation calysts] Sudscantdminants inchide miteagennsulfimsandst i t ut ed

nono- and poI nucl ear. col und tic co ounds whi ch can
be. a1 Kyl at SVHEY Eomiaing CoRpRBL pade iy st HEE hLFOBE A GHERY Foct |y bonded
to the ar orRhbénetiheddor ximﬁes aﬁsee&taufpfobmueafe BRicitksgéd uted with one or
more al kyl, aryl, alkaryl; alkoxy, aryloxy, cycloalkyl, "halide, and/or

ot her gr oummmltm&s duchmastpyirdine; Q\gnehm, Nafmﬂnyl—matphplmt amﬁleathvloon 25

Sui t abl e unsub Iltu ed ar carbons i.ncl ude benzene napht hal ene,
ant hf%cene, PYRRMFORS gﬁaélseglﬁ)ﬂcgﬁgy ?%@r‘?@lds cBWBH%’E“r‘?FQW@ vmpt h benzene
bei ng pr ef efaiaom8tidaikiiBtion Sataly e Qﬁé progddd WJIMQ&%?& e fRAGRI | Y the

al kyl groups”whi ch can be present as Substituents on the
of inorganic cations, particularly salts. For example, depending on the molecular

sieve adsorbent employed, the selective sorption process envisioned here may
also be able to remaove 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 direcily 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
alkcylation reaction,

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

with benzene being preferred.



about | to 8 carbon atons, and nost usually fromabout 1 to 4 car

Sui t abl ewoadalab4osubst i t ut ed aromati ¢ conmpounds i ncl ude t opgengo1/X¥sbENeE,

I sopropyl benzene, normal propyl benzene, al pha-nethyl napht hal ene,

et hyl benzene, cunene, nesityl ene, durene, p-cynene, butyl benzene,
pseudocunene, o-di et hyl benzene, mdi e16hyl 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-triethyl benzene; 10 1,2, 3-trinethyl benzene, mbutyltol uene;

p-butyl tol uene; G%né:i'aﬂ*]ﬁiel’b\ﬂcﬁl SifR8yhiéh cAl rbht A @bstPushtoh il uene;

m propyl t ol uene; 4-ethyl-mXxyl ene; dimethyl napht hal enes; et hyl napht hal ene;
2, 3- di met hytoantihcampoend Gontein fiom htdhaboue A2 carbematoms| and tusnatyefiom

o- et hyl ant hracene; 9, 10- di nethyl phenant.hrene;  and 3-get hyl - phenant hr ene.
H gher nol é@?ﬂtiﬁ°§/@a§}ﬂ“%‘§nﬁla® Wﬁ%hﬂyﬁGBhfﬁ%ﬁ?@EH%ﬂr@% be used as
starting materi ' OBt d ,égd;& re produced
by the al kyl ati ggﬁ%‘?gg%{&qgg&t%%r oca‘lF ﬁoo %ﬁ%ﬁ{cg@e@]ﬁ ?1?1181(9) ’ixgge#g’r s. Such
product ar ésopropgibenténe, nerial papyltentone, dlpla-methyamphthialenaf e and i ncl ude

hexyl benzene, _nonyl benzene, dodecyl benzene, pentagecyl benzene,

hexyl t ol ueRBY4sB25AS GEDENte Mmegders; Sune,dneymensbutylasasingdecyt ol uene. Very
of ten al kyl j i i.ghe: hoid, i aGLd ' whi ch the al kyl
“group attagﬁﬁot?%aﬁgﬁﬁl@?#ﬁgﬁrgfjgﬂ*}gér{}ggé’%ﬁagilhggje fom about C6 to
about Cl12. ifsefuytbentencs sohatylbangers pattaniylbenzahg pentatethylbenlzenezene, tol uene
and/ or xyl ene const(h]t tes a {)art j cularly useful feed, for the al kylation
process of ldi.é- tesmethy éﬂ?‘-’lnﬁh.J%Y"E’é@“%&?@%“@ék]s’zf%\r‘eﬂ&’ébwe’lﬁe process of

the jnventi Il Qgﬁf%e_ Ng., Ch: 11 .thereof, with
benzgﬁne beill%s Iggé tE é|111§8‘1ear y’%‘re%‘%ﬁrtdrqg%%’ p Rgﬁ#gﬁ%ﬂ%f%%ﬁéﬁéﬁ ?:#g%%h kyl ati on
processes, ethyttolueneyptihgltblmens mpkpyltylnens Wiethylanntyléne; f rom about 0.1 to
o L R RS bt BRI PPt Bl 07 14240 7 0 4 FEB

ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-

aromati ¢ conmpound contain from1 to about 22 carbon atons and usug |
g 347 EE8 s
5

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
Cs to about Cy,. S
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, xylenes. 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



about 3 ppmof polar inpurities. In addition, the feedstocks may Cﬁ)r'l# %LF-B 2005
water up to saturation conditions. The sel ective sorption process o e

I nvent | w0 @onpdoi ses passing the aromatic feedstock cont ®CmiUSHl/z8sksar
conpounds to an adsorption zone containing 5 art adsorbent selective for

t he adsorption of said polar corrpoundﬁ, wherein the adsorbent conprises a
nol ecul ar si eve having pores and/or surface cavities wwth a cross-sectional
di mrensions greater than 5.6 Angstrons and the tenperature in the adsorption
zone i s maintained bel ow 1300C, and then withdrawing a treated feedstock
which is substantially free of said polar conpounds fromthe adsorption 10

zone. |In ogsoukBippdi oEpdlar inlprritied. ekidddition] ke feddsodkamal kentaiswmdt is a
nol ecul ar si eve havi ng_pores which have average cross-sectional di nensions
greater th%saglfsﬁ?m@@tdﬂféﬁfﬁ: Exanpl es of suitable |arge pore nol ecul ar sieves

7M1 15 12, mor a30p SEEAE Brton B bERE RLoARAH ddfccsitidihe 0 ° ¥ (O

Deal umi ni z bRl feddtotk cobRling/polaBdonisounicpanadsdiptiol eofeddntdnihpund in U S
Pat ent No, 3,442,795, Low sodium U trastable Y (T JSY) is described in U S.

Pat et Nos .an3dsgbent selegtiie foptheagsgption gismidipolar eomponads.ydereinthy. S Pat ent

No, 3,832, A lte beta is . descri ' P { . 309, 069. A
preferred éggo&%!g%{)mipgs%seao. Pi"%“%%t‘?&%%&% ﬂcqgele@ﬁ.( resﬁgtgfgﬁ %%r * zeolite
X I'n an alck@kRadtions] Eiasion®pleatet an T AEH0dIns2ind\(Be téafplradsre iltheadsor bent
Is a nol ecul ar sieve, having surface cavities with a cross-sectional size

great er &arids@ponrEARetis oeintaingd belpw 13856 and thenpeithdrawingiafeeatadl ecul ar si eve
h - i ' i . . 10 5.6
Ayt roms. Eiosk SHGPAShoAERY 3o EBOEE combOinds B e BBloR ', o v e

MCM f2 (desehébed 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 (descri bdd ong embgdinmegt.dhe malpculassipye esed ay the adsatbenon256 (descri bed in

S ot e R e IR ST B oAk hBofoor Dot
greater than 5.6 Angstroms. Examples of suitable large pore molecular sieves
include zeolite X, zeolite Y, dealumninized 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



PCT/ US01/ 23525 is preferably based on an acidic nol ecul ar sieve having a
framework silica-to- alumna nolar ratio | ess than 100 and nore prﬂf%%&ﬂl 9[]05
greater (g , for exanple 20 to 50. Higher silica zeglt been

f ound tg; @}]r%&e effective when water is present, Homevgl;:l,rh{gﬁle/?ﬁ!gher
silica materials also have fewer sites 5 for adsorption and are therefore

| ess effective where the aromatic feedstock i.s 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 exanple extrudate,
spheres or pellets, which contain the nol ecul ar sieve together with a

bi nder syste | MRr ove sical Jdnteardty. The binder.system can be any
of a _nurrb_e}s pg%épag#g}%%gl?g w@@crggﬁa%lg?%l{ﬂ%a ! ﬁ]erg(,m (fal'ﬁ%(':a, zirconia,
and titani gunihd fholadiratid 128s B@h 100 PAEmerd feferdbly pfeatefBRGtIANFort hat t he

tenperature in the adsorption zone is maintained at or bel ow 130C since
oper ati ng examplgROrto 58 rplgher siliss ze¢dditeschave been fonod tmbemptecetiGtivor mat i on of

by- duct _hyd b | ' tenti ield | .
Vor bover . BER TGS DRSS P el B S gt ShEhps v 8% | nor oases
the gonstr ‘f&tdd@&ﬁﬁﬂﬁ af@ BfeithbrRfbre RSS efdctivh Y/heNSthe HronBhRIBERRIcK is t he

tenperature in the adsorption zone is 20 to 125 C and nost preferably is 25
to 110C. Cohpletelpditetof Materi n t he adsorption zone are not critical but

Iy 20 i d f at ' t 00 psig, and
e or' 5. 2% o B GRoeli e Sr bt PR Anl o BB e e Ry he & " @
adsor pti on jmeRafoh svinszg%hmrsé iﬂ'tﬁé’fohh?@rt&ies?ﬁ'r%iarh?ﬂé'ék&h&ﬁé, sphéles ypi cal |y

.1 ppm era

contains less than 0 and g;e_ bly less than 0.03ppm of polar
i mpuri ti es pelléts, whichcpntamrthe oredecuiar sigvertagetper withladisder sysiémdo f i xed bed in

whi ch, the .25 aronatic .feed str.eam passes either upfl ow or downfl ow t hrough
the Toar 1 i BpRaRpbie infEring| TR IAG S7ave o Berntihs PORBTSL pol ar

i mpuri ties Jb{RPhousiBctal Saddsiifcli@iRE ahRska, Wich| zitdofiad MPhiaRid, ®RRACI tY IS
reached. At this stage, the adsofbent nust be regénerated either by

stri ppi ng wiurhina bdingpre®med. such as steam or nitrogen, or by heating the

adsorbent in al iy o iinOhat he b ifl MeHdsSiption Jonbls Maidtiained af

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 adsofption 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



0 4 FEB 2005 PCT/USO1/ 23526 order to allow continuous treatnent ob tm 05
aromati c feedstock, the adsorption zone may .include a plurality o [b 89
mol ecul 4o $1/eM0 adsorbent so that, as one bed is being rpegasiaiLg, other
bed(s) are available for service. Were the adsorption step of the present
invention is used as a 5 pretreatnent for an aromatic feedstock used in an
aromati c al kyl ati on process, the ads& ption zone is positioned upstream of
the aromatic al kylation reactor and effectively protects the al kyl ation
catal yst from pol ar poisons in the feedstock. The aromatic feedstock is
treated in the absence of olefins. Any olefin feed to the alkylation

reactor | soldak LOMNGotaH LEATRof HeaRHANE NUORE U irkiiboRd 10

reacti on can occur between the aromatic feed stream’and an
from tracenayliréluds atphahlitywyf beds gfimeslesularisieve hdsabentso tiat,fasede ked isr ace

contam nants, In any case,  the anoun f al kyl ated aromati cs produced by
reaction i cmséeg%wﬁétq%b%wpgva@g fPﬁ%ﬁYX‘Ee-wt/a of the aromatic feed
stream and nore ' [+S }K}gﬁ} WL 9% Of « roomatic feed stream
15 After passagewt{ Fgﬁé%gsfwe‘ﬁgé%ﬁ“&. ne%gﬁg%{%@xﬁxé%%g aromati c feedstock
is fed to pretenansitifor al iyimatic Gedstecichsed it emamtmtio gliagtation paadeks; td kyl at i on

catal yst where the feedstqck is cont af ed under Jiquid phase conditions
with an al RYSIPHERZORLSROsionsd upsEcdms P %W@&Qﬂr@‘ﬁ%%@ process of

this inventiQp: | i | € : ' rganic
conpound haff\ijf;3 ﬁ%&gﬂ@F%két%othr%g%oﬁggfang%ﬁgiﬁitﬂﬁgsog% f%ﬁg??e tgktg?lg'ups capabl e
of reacti orheiardméatie fadaoek istreatedhothedbsenpe ef elefihd. yAuy dlefinlfeedabltyé at i ng

group possessing from1l to 5 carbon atonms. . Exanpl es of suitable al kyl ating
agent s, ar e 28P@3tionreactonisdatredusgd dewnstrsam af e zdsofptieon goResdat Rthd t he

pent gnes; %&Qﬁ%ﬂlcﬁn A l#%\iré’c e m%ﬁﬂﬁ? 08t sn a4 %&fgﬁﬁ%ﬂ g@i@g frof?

trial cohol s) such as nethanol, ethano t he propan utanol s, and the
pent anol s; telce elefiheshatundy Eesprésentrinl the brptatic deedt | heti yoktaminantsi dmal dehyde,

chi 0r de. B isgte, o EPWE o bl ARy LN R dused b FrRESORIN e chl Or | des, and
the pentyl JgbbBtibfS8ne WFeR4haki'P@1% b? the aromatic 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.



0 4 FEB 2005 PCT/US01/23528 M xtures of light olefins are also useful as

al kyl ating agents in the alkylation process of this invention. Adl:érEEBgZ[}ﬂS
m Xt ur eyoah/1elsby! ene, propyl ene, butenes, and/or pentenpsT/obegizssm € maj or
constituents of a variety of refinery streans, e.g., fuel gas, gas plant

of f-gas contai ning ethylene, propylene, 5 etc., naphtha cracker off-gas
containing light olefins, refinery Fag pr opane/ propyl ene streans, etc., are
useful al kylating agents herein. For exanple, atypical FCC light olefin
stream possesses the foll ow ng conposition: WA %ble % Ethane3.35.1

Et hyl ene. 0. 71, 2 Propane4.515. 3 Propyl ene42. 546. 8 | sobut anel2. 910. 3

n- But anes. 32. G,Mt@%?%?ﬂgﬂtjﬂ?efﬁﬁ,ﬁ@ﬂ%@ﬁ&?@l-aEQHé},'la-E{h@ agbdty ipiteng agents usef ul
in the al kylation process of this invention are preferably ol efins having 2
to 5 car balidatiomspraness wb this imveriténna bAgcoedinglly emixtares elethyleps;| ene. Reacti on

Dt ot per R bules BT SRR ol et A WERRLE 1 o v
reaction qbRREVZEBAMVILE) REORY! SRDlarRbiYEdsQolEREng & 9ropyaasd i on of

toluene with ég?hyl ene, cynenes ?drg.om the fTeaction of toluene with propyl ene,
and $ec- budty. iephitenaadken nfftdas contamiiglight oldfmazefinergy ¥ECCh- but enes, The 25

referred reaction prodycts are ethyl ene and cunene. _The aromatic
Bl Kyl at | orProRuR GoPYIrG sheamm et & erol) ERARING ABrEs SR FOr SSthBFecu ar
si eve sel eé’f)gﬂ:af F@@l@?biehﬁs&@ﬁ:ﬁwo&@éeg&e ﬁ{%lr‘{%d% odfE¥h56. The sane

nol ecul ar sr'eve can beé used in the alkylation act Or as that used for the
adsorption zone. 30 The al kyl ati on ¥té&s of thMwolef#/ention is conveniently

conduct ed underREthane i3 5.1
10 Ethylene. 0.7 12

Propane 45 15.3

Propylene 425 46.8

Isobutane 129 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 reactidn of benzene with ethylene,
cumene from the reaction of benzene with propylene, ethyltoluene from the
reaction of toluene with ethylene, cymenes from thc reaction of toluene with
propylene, and sec-butylbenzene from the reaction of benzene and n-butenes, The
25 preferred reaction products are ethylberjzene 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 atmaspheres, and preferably 5 to 100 atmospheres, a molar



conditions including a tenperature of 0 to 500C, and preferably 50 to 250C,
a pressure of 0.2 to 250 atnospheres, and preferably 5 to 100 at rr&sphféée§

a nolar WD 02/14240 11 0 4 FEB 2005 PCT/USO01/23528 ratio of alkyl tiabEB 2003
aromat i weamiond to al kyl atiog agent of 0.1:1 to 50:1, potusewskey ably
0.5:1 to 10:1, and a feed weight hourly space velocity (WHSV) of 0,1 to 500
hr, preferably 0.5 to 100 hr. Wen benzene is alkylated wth ethylene to
produce ethyl benzene, the 5 alkylatibh reaction is preferably carried out
under conditions including a tenperature between 300 and 600F (150 and
316C), preferably between 400 and 500F (205 and 260C), a pressure up to
3000 psig (20875 kPa), preferably between 400 and 800 psig (2860 and 5600

kPa) , a SpPags of aligtdtible RRnYRiR RoRipdurid au%%&!g%genm@tmwsmpﬁd/veen 1 and 6

VWHSV, based on thé ethylene feed, and a I0 ratio of the benzene to the
et hyl ene i prefdrablyl0kS;1 4 i @b, andacdfeod weighthdurly specedldacityr(WHBY) pf @fler ably from

1:1 to 10:1 | ar, en benze lLsqyal kyl ated with propyl ene to produce
cunene, th¥ g@a‘&"t r#ﬁ?@@rﬁpﬁﬁwy carved out under conditions including a
tenperature of gpydnGhepizbieis aﬂ‘g]yﬂtedm%tgy%éggprﬁd&@e&l{ﬁ%é& b 125C a

pressure of 250 atnospheres | ess, . from1°to 30 atnospheres; and
an abomat i eliylationceackion isyrefprdbhhcarried ostpmder conditivas inclydi#isy) of from 5 hr'

RPN IR N M T T N
Lesiyed TOESPSHERORS SRS ik apoeyagYs sy bRaBARG: o curene
pol yal kyl abetvespd00 esd 800 psig £2860pndS60@kPy), 3 spaveatebetityricttwen G band
S S AR L TRt D
o f stk oot b AR R ol 0 et
al so pr ef etraditny prederdblytfenn 12%oUAdemolat.qui d phase conditions. The invention
w1 now be mor ewﬁé'% lt)én%grlleairs laﬁ(y a%:s \gvk %lqopv)\'/ietng tor Slfo%lr.lgcngu?nén%, the reaction
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 atmospherés 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 br”, preferably from S br' to SOBr™,
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 aikylation ﬁroduct stream will inevitably
20 contain polyalkylated species which are preferably separated and fed to e
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)




the follow ng exanpl es. Exanple 1 (Conparative) WO 02/14240 0 4 FEB 2005
PCT/ US01/ 23528 12 A m xture of | part by weight acetonitrile in od) ﬁaFEB mﬂﬁ
wei ght wolovesdowas prepared using reagent grade tol ueneP@RitisE@ssBBnitrile. A .
series of batch runs was carried out with ZSM5 zeolite having a
silica-to-alumna nolar ratio of 26 the adsorbent. Prior to contact with
the acetonitrile:toluene mxture, the<ZSM5 was 5 activated by cal cination
at 500C. In each run, a fixed volune of the toluene:acetonitrile solution
was contacted with varying anounts of dry adsorbent 1in a glass container at
25C and at nospheric pressure. After 12 hours gas chromatographic anal ysis

of the sol uti QimMAEreGH pa2tlPiveishivbédoritrilé 9D partsty i feltead wabei ng added
to the solution as an internal reference. The results 10 of the experinents

are gi ven preparedbising resgend\gradedblusng andiscstquitridn Afevigsafbatchmmewhy ZSM 5

(S O2/ A1203 _= 26: 1) tion t .c. all Adsor bent ar ge I librium
Acctonitr icla’émﬁczl%%%@%%&%f%ﬂ%ﬁ?‘ém%ﬁ%@ﬁ' ?'3{ ?"ﬁa/‘é%h%%g#%ﬁt f adsor bent
103. 60. 029220rbek!0 Pribe & SGHAZA Wit Mk a840nikdl6:30ubhebAknGQOth3 TM-sIwdk01200. 336462
100. 540. 64554.4 15 At equilibrium the uptake of acetonitrile by the ZSM5

adsof bent agtiyated pp celeination pt/SEB Codn gachi rungs Bxesernlumenfithsl e 2 (Conparati ve)
ﬁgsA m xt Yo ue(r)lfe:aget rfa}{rhe leuwgril g/gts cBEGLeT LJvtitlixlVla%flxllgn ax%gu 83k aryb%lsor iexglltht tol uene
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 results

10 of the experiments are given in Table 1 below:

Table 1
Adsorption of Acetonitrile by ZSM-5 (S§i0,/Al,0; = 26:1)

Equilibrium
Acetonitmle Concentration, wt% Acctonitrile Adsorbed,
Solution Charge, ml | Adsorbent Charge, g mg/gram of adsorbent
10 3.6 0.029 2.7
10 3.15 0.033 25.8
10 1.84 0.146 39.0
10 1.60 0.201 41.9
10 120 ' 0.336 462
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 S00°C. In the same manner as in Example

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



prepared using reagent grade toluene and acetonitrile, A series of cﬁ)gt{_;'l:oB 2005
runs was carried out with another sanple of ZSM5 zeolite that ha
silica-tweat/wrma nolar ratio of 700. Prior to contact Wwausohess2s
acetonitrile:toluene mxture, the ZSM5 was activated by cal cination at
500C. In the sane manner as in Exanple_25 1, a fixed volune of the

t ol uene: acetonitrile solution was contldcted with varyi ng WO 02/ 14240 anounts
of dry adsorbent in a glass container at 25C and at nospheric pressure.

After 12 hours gas chromat ographic anal ysis of the solution was carried out,
with 2 wC o 2,3 dinethyl butane being added to the solution as an internal
reference. ambuats'FAy hdsofbent i EMELEINEEI 8t 29°C il \Weotpherfid BtRsuwtebel ow. 13 5
10 0 4 FEB 2005 PCTIUS01/23528 Table 2 Adsorption of "Acetonitrile by ZSM5
(Si 2/ A120AferA3donys g6 Ichraraatogaplig enalysiveftbe pelntionmiag carBgd iont, wthum

104. 200. 0025 270y IB 2% P4ing g o 65 selaion S1en et s Pligies. 0

101. 430. 3258 BadQQf ielxbEAeRtsAe ﬁ%%iﬂﬁ’bimelﬁﬂ? upt ake of acetonitrile by
the ZSM5 (S O7/ A1203 = "700: 1) adSorbent was approxi mately 49 ntg/g of

adsordent, which is slightly lower than the value obtained in Exanple 1. 15
Exanple 3 A mxture of | part by wei kﬁgcetonitrile In 99 parts by wei ght
tol uene was prepared using reagent "8? fié tol uene and acetonitrile. A series

of batch runs was  Adsorption of Acetonitrile by ZSM-5 (SiO2/Al;0; = 700:1)

Equilibrium Acetonitrile Acetonitrile Adsorbed,
Solution Charge, m| Adsorbent Charge, g Concentration, wt% Mg/grem of adsorbent
10 4.20 0.092 18.2
10 3.88 0.072 20.1
10 2.05 0.235 311
10 1.65 0.271 36.8
10 1.43 0325 39.3
10 0.71 0.577 48.9
10
At equilibrium, the uptake of acetonitrile by the ZSM-5 (Si0z/AL0; =
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:



carried out with a sanple of MCM 22 zeolite that had a silica-to-abqu 05
ratio of 26:1. Prior to contact with the acetonittile:toluene m xt’ufe, @@

MCM 22 weso02Z024&ct i vated by cal cination at 500C. I n the sXFF/Usab@azf8as in
Exanple 1, a fixed volunme of the toluene:acetonitrile solution was
contacted with varying anmounts of dri; adsorbent in a glass container at 25C
and at nospheric pressure. After 12 h b s gas chromat ographi ¢ anal ysi s of
the solution was carried out, with 2 w% 2,3 dinethyl butane being added to
the solution as an internal reference. The 25 results of the experinents are
given in Table 3 below. WO 021 14240 0 4 FEB 2005 PCT/USQO |Zz3528 14 Table 3
Adsorption of Acetonitrile by MCM 22 (Si 2/ A1203 = 26:1) Sol ution Charge,

m Adsor bent Charlie. Equilibrium Acetoniuile Acetonitrile Adsorbed,
Concentration wt%n of adsorbent 104188 $H0011.7 103. 900. 00021. 6

100, 710 48460, 0 5 S4-gRi T lom oy MM oA B0s 29 M ¢ by e now 22

(Si @2/ Al 203 = 26:1) adsorbent vvas—aprroxi mately 60 jng/ g of adsorbemt, which
i s higher|{ than that optajned in eithekullbnyreonfrilor| DAcshririigddiobedn| t he
MCM- 22 ad ‘ EXE el .‘,.;3"1"“::3"’39\, fads $ol utions
at the higher %: ac-Rgsi-of agr HoRtt-HHe—E0 ete—tepoveal :‘21?1‘ aeeteritril e
was achi aved—Hi—Exampl-e—4—ASthxttretof by el ght—ackgonitrie in 99
parts by | 10 WIS 314 0.048 37.6

10 132 0.203 50.6

10 0.76 0.454 59.4

10 0.71 0.484 60.0

5 At equilibrium, the uptake of acetonitrile by the MCM-22 (Si10,/Al;0; =

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 | part by weight acetonitrile in 99 parts by weight toluene was
prepared using reagent grade toluene and P.cctonitrile. 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 wi% 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)



prepared using reagent grade toluene and acetonitrile,

runs was

silica-twoghyppa ratio of 2.5:1 15 and which had been agldygdAdids

calcination at 500C. In the sane manner as in

A series of

carried out with a sanple of 13X zeolite that had a

the tol uene: acetonitrile solution was contacted wi th

adsorbent in a glass container at 25Cland at nospheric
hours gas chromat ographi ¢ anal ysis of the solution was carried
wt % 2, 3 di met hyl but ane bei ng added to the solution as an internal
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Exanple 1, a fixed vol une of

varyi ng anmounts of dry

pressure.
out

After

12
, With 2

20

reference. The results of the experinments are given in Table 4, bel ow Table

4 Adsor pt fomof—Acetonmtrite by 13X W 024 FEB—2005 WO
02/ 14240 S PCT/ US01/ 23%28 Sol ution ak@Rivrinikl Ad@mmid & NA celohitil-QRsdtdd)i | | bri um
Acet ani t rif | Sobiive Cipupetnli ||e Aleharent Diecke, £ CONC Epricenadtivrowms W % agdorbentiSpr bent
105. 330. 00414. 4 103, 720.100722.%3102. 230, 0143000 101. 630, 03043 5

100. 740. 085103 710At equill i bri 13 the nt ake @07 acetogitril 228y the 13X
adsor bent fwas—at ! east—1103 ngd of adsorben?ll4upichlis hig t hat
obt ai ned iﬁqgithm Exanghe——g—5—or—3- 5(‘30?6?22“5 Adsef ':;til“‘_ wes—py epar ed
cont al ni Ng——ZzoPpirnor—Tv T oy r—=mor pPior-- e —afit—zZoC—PPimwatrer—ant—was-

contacted with various nol ecul ar
at nosphere and at

si eve adsorbents under
refl ex conditions of about 110C. After

24 hours t

10 a nitrogen

he anount

of nitrogen renmedtequiirinmthe upirke ofpectonitilety theddmdembentyaggéteastis or bed
g'roggnné/g P S BEASUERR i EN AT Al URASEFA R S hner BRahfiR Y] bS are shown

by the ads
in Table
5
10

or 3.

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

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.



0 4 FEB 2005 WD 02/ 14240 PCT/US01/23528 16 Table 5 Adsorbent Mass @f 4"FEB 12005
"N' I n Adsorbent USvAdsorbent Sol ution 250nL sol ution0. 02249750 50nL

sol uti o™ @N43B500 50nl sol utionll859 SOnl sol uti on51331PCBXS2BLAGRS

sol ution0. 02249500 SOrL sol ution0.17.66200 SOnlL sol utionl11215 50niL

sol ution51180 Spent MCM 22 0. 02283500, 250nL sol uti on SOnL sol uti on0. 1201800
50nL sol utionl11200 SOrL sol uti on51148° The spent MCM 22 was a catal yst which
had been used in a cormercial 5 cunene plant and whi ch had been regenerated
after renoval fromthe plant at the end of its useful life. Wereas each
sieve tested showed activity for the renoval of the N- folrnyl-norpholine,

t he USY and 13X exhi bited hi gher soflabledh capacity than spent MCM22. 0 4
FEB 2005 17

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

USsYy
250mL solution 0.02 24 9750
50mL solution 0.1 Co13 5500
50mL solution 1 1 859
SOmL solution 5 1 331

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

Spent MCM-22

250mL solution 0.02 28 3500
SOmL solution 0.1 20 1800
50mL solution 1 1 1200
50mL soluton 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.



What is clainmed is: 1. An aromatic al kyl ation process conprising: (a)
contacting an aromati c feedstock containing polar conmpounds in an
adsorption zone with an adsorbent selective for the adsorption of 8at FEB 2005
pol ar conpounds, said adsorbent conprising a nolecular sieve selected from
MCM 22, MCMA9, MCM 56, zeolite X, zeol i_/te Y, Utrastable Y (USY),
nordenite, zeolite beta, zeolite L, or zeolite onega and said adsorption
zone being at a tenperature of less than or equal to 125C, (b) w thdraw ng
fromsaid adsorption zone a treated feedstock which is substantially free
of said polVAptigsherddsis; and (c) passing said treated feedstock to an

al kyl ati on zone containing an al kylation catalyst and contacting said
treated feedstock with an alkylating agent in said alkylation zone under

al kyl at i onl.condin pomatis elkylatiomproeesd aereprisig: al kyl at ed ar omati ¢ compound. 2.

The process of ai r.ei r_sieve | ir t he
group consisti E) 01% Oiléagwgﬁ%} O}ZI%@ @Jgg@%?\c nﬂnﬁﬁagkfggﬁgk@&%@gk Qrg]. The
process of claim 1, aderpeom zoteewithlaacadsarbersti eloetivea foraths iadsarptidnoofasaidri na
nolar ratio |ess tha(ﬂ 100. 4. The RLOCESS of cl.aim 1dl V\/Eq?rei n s]?i dd
tenperature is 20 toPAFEEMRSUIs, saif Advorbent gomprising  MOlGGHIAF Sy sglege
temperature is 25 tofrdhOECME22, TMEMM DECSHI-3H, z6blae IR, zeoho €Y EUNrabthisle &F Kyl at i on
catal yst conprises a_nmolecular sieve selected fromthe group consi sting of

zeolite beta, MM 22(USNOnvmesdenis, kealite Befa, 7eolifed, oF zealite omegd) aidnsdd wher ei n

the aromatic feedStOﬁiﬁoﬂpﬁoﬁ%ﬂé%@ﬁgéﬂgwﬁip@éﬁﬁé bMEss (REESHeqhd t&13¥pEENE OF
propylene. 0 4 FEB 2005°18 8. An aromatic al kyl ati on process conprising: (a)

contacting an adnat wihdrewgt e saishreddontiog pukear teaiep daedstock nwhigh is
adsorption zone wt hSdl%gt I?tﬁ?lgrffégB?sa?c?éﬁ&léo}ﬁ%oflrﬂfs' ile adsorption of said
pol ar conpounds, sai adsor bent conprising a nol ecul ar sieve selected from
zeolite X, zeolf{che Ypassing Uaid arshtadl feedétoqcklS¥) an aaiklylstitind zentts coggthinoig an

alkylation catalyst and contacting said treated feedstock with an alkylating

agent in said alkylation zone under alkylation conditions so as to produce

an alkylated aromatic compound.

2. The process of claim 1, wherein the molecular sieve is selected from the group

consisting of zeolite X, zeolite Y and Ultrastable Y (USY).

3. The process of claim 1, wherein the molecular sieve has a silica to alumina molar

ratio less than 100.

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

5. The process of claim 1, wherein said temperature is 25 to 110°C.

6. The process of claim 1, wherein the alkylation catalyst comprises a molecular
sieve selected from the group consisting of zeolite beta, MCM-22, MCM-49 and MCM-
56.

7. The process of claim 1, wherein the aromatic feedstock is benzene and alkylating

agent is ethylene or propylene.



zone being at a tenperature of less than or equal to 125.degree. C.; (b)

wi t hdrawi ng from sai d adsorption zone a treated feedstock which is( 4 FEB 2005
substantially free of said polar conmpounds; and (c) passing said treated
feedstock to an al kyl ati on zone contai ning an al kyl ation catal yst
conprising a nol ecul ar sieve and cont akk i ng said treated feedstock with an
al kyl ati ng agent in said al kylation zone under 1iquid phase al kyl ati on
conditions so as to produce an al kylated aromatic conpound. 9. The process
of clai m 88. whefrpiematie alkylalioraproenss eemprisingt conpri ses a nol ecul ar  si eve

selected fromt gr > ISt ng. of jt , Mf[i:ll\/l ]N@M 9,.and MCM
56. 10. The pro gss %#&85%1%118%%@\3%6?&%&? lle Cg?tgﬁ%n%g eecééf)%c ilg Iignzene
and al kyl ati ng agerddsorptien hyneewehan gisopyitesetectivel for Ahe adsmptiancofasakd/| at i on

process SO N0, L3k S IE. MBS S AE SRR

adsorption of said fRehakoliteMoibis,Y S Uitdstsisle be USEymadisaidngiserptign ecul ar
sieve selected from MCM2

2, MCMA9, I\/Cl\{}56, zeolite X, _zeolite Y,
Utrastable Y (usv)%onﬁe?la%m&f@mpirém?éeaﬁéltaa,orz@bf 14 25148t Geol i te onega
and sai d adsor@yi OnyARRSwIAG! il aiP al LARRHIIAE & Heate@SedsiRR WHicleGal to
125C, (b) withdrawing from said adsorption zone a treated feedstock which
contains |ess than @bstapighy dfee obsayl pdaraempemsidiands; and (c) passing said

treated feedsto to | kyd at ] tal nj K . tal yst
and contacting @;l d Lga?%g? e%%f ?g%fg@o%%g%#ﬁtga%& 3”53?‘??9 i ﬁ%}le g%@%\lb 1(Plgnglglai d
al kyl ati on zone undealkdationl edtalpst comatisingomsnalecudss tieveprmti gomactmg sdikyl at ed

aromatic compound. treated feedstock with an alkylating agent in said alkylation zone under

liquid phase alkylation conditions so as to produce an alkylated aromatic

compound.
9. The process of claim 8, wherein the alkylation catalyst comprises a molecular
sieve selected from the group consisting of zeolite beta, MCM-22, MCM-49 and MCM-
56.
10. The process of claim 8, wherein the aromatic feedstock is benzene and alkylating

agent is ethylene or propylene.

11. An aromatic alkylation process comprising:

(a) contacting an aromatic feedstock containing polar compounds in an
adsorption zone with an adsorbent selective for the adsorption of said
polar compounds, said adsorbent comprising a molecular sieve selected
from MCM-22, MCM49, MCM-56, zeolite X, zeolite Y, Ultrastable Y
(USY), mordenite, zeolite beta, zeolite L, or zeolite omega and said
adsorption zone being at a temperature of less than or equal to 125°C;

(b) withdrawing from said adsorption zone a treated feedstock which contains
less than 0.1 ppm of said polar compounds; and

() passing said treated feedstock to an alkylation zone containing an
alkylation catalyst and contacting said treated feedstock with an alkylating
agent in said alkylation zone under alkylation conditions so as to produce

an alkylated aromatic compound.



