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THE | NVENTI ON [ 0001] The present invention relates to a process for the

sel ecti vew@bdiploatsbon of tol uene, benzene, naphthal ene, atkyknaphtéal ene
and m xtures thereof with an oxygen-containing al kylation agent. In
particul ar, the process uses a catalystieonprising a selectivated nol ecul ar
sieve which has been nodified by the addition of at |east one hydrogenation
conponent, wherein at |east one of the following conditions is nmet: (a) the
sel ectivated nol ecul ar sPROCEESFOR ARDMAME AEKYLATION han 100 prior to
the incorporation the hydrogenation component, or (b) the selectivated and
hydr ogenat ed nol ecul ar sieve used in the selective alkylation process has
an al pha val f 0 e process of this invention provides

hi gh selecti&ﬁ?@Jlkﬁ§iﬁﬁf Egﬁiygé?product whi |l e reduci ng catal yst
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drtho-, neta-, and para- xylenes, the para-xylene isomer is of particular
val ue as a | allgdatianl ofietobiened berizennt maphtisilence alkybreaphthalend awd mahwesact uri ng
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i sonerization of a feedstream that contains non-equilibriumquantities of

m xed ort ho-thaadiitiet af xyleasiont dydeigenaivg dosnpopent, whtiein atsipast tont of the
par a- xyl ene coptent. A. disadvantage of this process.is that the aration
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generation met for producl ng para-xyl'ene. This technol ogy can
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met hyl ati on _aﬁ}ﬁé@@sg@c?ﬁc s @.?F%.a Wj't‘féﬁ? lﬁﬁfnﬁ‘gg 1i,%% , ﬁd}f?o‘?ﬁﬁi#ht%f%vol ves
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catalyst deactivation.

BACKGROUND OF THE INVENTION

[0002] Of the xylene isomers, i.e. ortho-, meta-, and para- Xylenes, the

para-xylene isomer 1s of particular value as a large volume chemical intermediate.
One method for manufacturing para-xyiene is by disproportionation of toluene
into xylenes. However, a disadvantage of this process is that large quantities of
benzene are also produced. Another process for manufacturing para-xylene is the
( isomerization of a feedstream that contains non-equilibrium guantities of mixed
ortho- and meta-xylene isomers and is lean with respect to para-xylene content. A
disadvantage of this process is that the separation of the para-xylene from the
other 1somers is expenstve.
[0003] There 1s growing interest in the alkylation of toluene with methanol
as a next generation method for producing para-xylene. This technology can
theoretically produce twice the yield of para-xylene from toluene, compared to the
toluene disproportionation process. Exampies of such toluene methylation
processes include U.S. Patent Number 3,965,207, which involves the methylation
of toluene with methanol using a molecular sieve catalyst such as ZSM-3. U.S.

Patent Number 4,670,616 involves the production of xvlenes by the methylation



of toluene wth nmethanol using a nolecul ar sieve catal yst such as ZSM 5.

U S Patent Nunber 4,670,616 involves the production of xylenes by the
met hyl at i o WhasARE¥aé 068406 PCt US2004/ 03778 -2 of tol uengcwfshyiRsfasol
using a borosilicate zeolite catalyst which is bound by a binder such as
alumna, silica, or alumna-silica. (0004] A disadvantage of known tol uene
nmet hyl ati on catalysts is that nethanol selectivity to para-xylene, the
desirabl e product, has been low, in the range of 50-60% The bal ance is

wasted on the 9619&1&%&9@&%%%@@9%%%@@ éeeg@%ampsltwapg%hﬁd bAd enpt s

to increase t e para-xylene selectivity have been conducte however, it
has been fouMdehaIchaas apanmaxyliener deingret-$ilicd.y i ncreases, the Ilfespan of

t he catal yst eases iS belie that .the ra catal yst .de cti vation.
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reactor wherein the catalyst ontinuously regenerated. However, such a .
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fixed bed systens are sinply I npractica remal ns a
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suitable catalyst is found that provides a sufficient lifespan, with a sufficient
selectivity to the desired product, fixed bed systems are simply impr;;ctical. There
remains a need for an improved toluene methylation process having a catalytic-
system that minimizes or avoids the disadvantages of prior systems, which
includes low para-xylene selectivity and rapid catalyst deactivation. The present

mvention satisfies this need.

SUMMARY OF THE INVENTION

[0005] The invention is a process for forming a selectively alkylated

aromatic compound comprising reacting an alkylating agent with a feed
comprising an aromatic compound selected from the group consisting of toluene,
benzene, naphthalene, alkyl inaphthalene and mixtures thereof in the presence of a
catalyst under alkylation reaction conditions, said catalyst comprising a
selectivated molecular sieve and at least one hydrogenation metal, wherein at Jeast
one of the following conditions is satisfied: (a) the selectivated molecular sieve
has an alpha value of less than 100 prior to incorporation of said at least one
hydrogenation metal, or (b) the selectivated and hydrogenated molecular sieve has

an alpha value of less than 100.



sel ectivated nol ecul ar sieve and at | east one hydrogenation netal, wherein
at least one of the following conditions is satisfied: (a) the selectivated
mol ecul ar sieyM@swdsass an al pha val ue of | ess than 100 pri opcgPsioh@37pey ati on
of said at |east one hydrogenation netal, or (b) the selectivated and

hydr ogenat ed nol ecul ar sieve has an al pha value of |ess than 100. WO

2005/ 068406 PCT/ US2004/ 037785 -3 BRI EF DESCRI PTION OF THE FI GURES (00061
Figures 1 - 12 and 14 - 18 are plots showing the para-selectivity of

various catal ygF PERCRAIPITON OFt PHEaIGURESOCEss. 10007) Figure 13 is a
graph show ng—the effect of hydrogenati on netals, water and phosphorus on
reduci ng met h{#W6] deconmpiémires bn 12 and 14 ol 1§ene plotestopting therpapa-sdestyityDETAI LED
DESCRI PTI ON OF THE IE%/EN'I'.I Clxg I1%(%0081 Trl]ag resent invention relates to a
process for tNEPS YR APUSPS ied Bféhe, benzene, napht hal ene,

al kyl napht haigmjm] and mpxd e @3 is LNERAIPEhoihb 180 e%Wﬁ&%@hﬁM‘ﬂwﬁliﬁW ation
agent. The process uses a catalyst™ conprising a select’ivated nol ecular

si eve, preferaty andaplmspdrest o eredwting umathanasli @eegmpdsitionhas betnluansdi fi ed
by the addition of at |east one hydrogenation conponent. In accordance with
this inventi omeNaBRIOCSHe of the fol l owing conditions should al so be
net: (a) the selectivated nol ecul ar sieve has an al pha value of |ess than
100 prior to the incorporation of the hydrogenation conmponent, or (b) the
sel ecti vat ed DETANEDJSSCRIPTHONCF SHE INVENEHORNN al pha val ue of |ess

than 100. The ¢ | yst, en used.in this process, has an.extended catal yst
lifetine, whi |l@%§fovi di F@‘A‘g pEFeSERd o PRYERHQR trﬁfgﬁﬁi it htREPCesh AT 68, Seﬁ?ﬁ"é/e
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Preferably, tHerqufoadsaniosygen-comtaisme abiylivemzagest. ndhb pratesonses pratdgs, whi ch

fornms para-xylene.at these . preferre ara-selectivity rapges.
P ycomprlsmg a sefecth?teg molecu arp51eve, prefera lly a pgra-sepe%tlve molecular

sieve, that has been modified by the addition of at least one hydrogenation
component. In accordance with this invention, at least one of the following
conditions should also be met: (a) the se]ectivate& molecular sieve has an alpha
value of less than 100 prior to the incorporation of the hydrogenation component,
or (b) the selectivated and hydrogenated molecular sieve has an alpha value of less
than 100. The catalyst, when used in this process, has an extended catalyst
lifetime, while providing para-selectivity of greater than 60%, more preferably
greater than 75%, more preferably greater than 80%, even more preferably greater
than 85% and most preferably greater than 90%. Preferably, the process s a
toluene or benzene methylation process, which forms para-xylene at these
preferred para-selectivity ranges.

[0009] Catalysts suirtable for use in the present invention include any
catalyst that is effective for the alkylation of toluene, benzene, naphthalene, alky!
naphthalene or mixtures thereof. Preferably, the catalyst will be effective for the
preferred process of toluene or benzene methylation. Catalysts used in the present
invention include naturally occurring and synthetic crystalline molecular sieves.
Examples of such molecular sieves include large pore molecular sieves,
mtermediate size pore molecular sieves, and small pore molecular sieves. These
molecular steves are described in "Atlas of Zeolite Framework Types", eds. Ch.
Baerlocher, W. H. Meier, and D. H. Olson, Elsevier, Fifth Edition, 2001, which is



100091 Catal ysts suitable for use in the present invention include any
catalyst that is effective for the al kylation of toluene, benzene,

napht hal engig @bhkvdssographt hal ene or m xtures thereof. Pr efﬁ?pé%m,ﬁﬁ%\
catalyst will be effective for the preferred process of toluene or benzene

met hyl ati on. Catal ysts used in the present- invention include naturally
occurring and synthetic crystalline nolecular sieves. Exanples of such
nol ecul ar sieves include |arge pore nol ecul ar sieves, internediate size

pore 1ol ecul afe SleURSrpoRREd syr&bferdaeéepmrwpb@rmaeemﬁ s:ewga%raugnh@scw ar
si eves are descri'bed |n "Atlas of Zeolite Framework Types", eds.
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and MOR structure type nol ecul ar sieves (I Comm $sion of Zeolite
Norencl at ur e)incEded e, ofiazziie, gdfrpoteczanbite buNal-55 zedis Y, Zeolite Kleothdi; 22,

e s, Crom o Doz psusBes 0% B Z8Rhe eSS, an Mok dnor o
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and i ncl udes, exa I TW MR~ DEL, R, MFS,
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i
mo| ecul ar si eve has a pore si out to about and 1 ncludés, for
exanpl e, CHA, m&Rte IKGH2, [EY;13ad8M-SAZSM-IE IABM -2y FSMAIB c£8MaB4, ASMSS, (TUPAC
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zxample, CHA, ERI, KF], LEV, and LTA structure type molecular sieves (IUPAC
Commission of Zeolite Nomenclature). Examples of small pore molecular sieves
include ZK-4, SAPQO-34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-
20, zeolite A, erionite, chabazite, zeolite T, gmelinite, and clinoptilolite.
[0010] The intermediate pore size molecular sieve will generally be a
composition having the following molar relationship:

X703:(n) YO,
wherein X is a trivalent element such as aluminum, iron, boron, and/or gallium
and Y is a tetravalent element such as silicon, tin, and/or germanium; and n has a
value greater than 12, said value being dependent upon the particular type of
molecular sieve and the desired alpha value of the molecular sieve, in accordance
with this invention. When the intermediate pore size molecular sieve is a MFI
structure type molecular sieve, n is preferably greater than 10 and preferably, from
20:1 to 200:1.
[0011] In accordance with this invention, the molecular sieve catalyst is
selectivated for the production of the desired alkylated product, which in the
preferred embodiment is para-xylene. The catalyst can be selectivated by treating
its surface with compounds of phosphorus and/or magnesium and/or various metal

oxides such as alkaline earth metal oxides, e.g., calcium oxide, magnesium oxide,



conposition having the follow ng nolar relationship: X233:(n) Y02 wherein X
is a trivalent elenent such as alumnum iron, boron, and/or gallium and Y

i s a tetrawg sntnadl@rent such as silicon, tin, and/or gerp@ﬂbgm,_‘,@iﬁdsﬂ has a
val ue, greater than 12, said val ue being dependent upon the particular type

of nolecular sieve and the desired al pha&-value of the nolecular sieve, in
accordance wth this invention. Wien the internedi ate pore size nol ecul ar
sieve is a MFlI structure type nol ecular sieve, n is preferably greater than

10 and pref er &bl yare feaf m@1 bxides, 2@9&@:&&@3{1& anB RBEOTER Cidis Lduck hisS
i nvention, the nolecular sieve catal yst is sel ectivated for the production

of the desi rebloranwm; éltﬁll]!ﬁ,@du&lpn)’ whidehandhmanpganesgsy @Xlé?ré’defembmng%forl s

par a- xyl ene. L ecty vat, Ry tre e wth
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2005/ 068406 PCT/ US2004/ 037785 -5 etc. rare earth netal oxides, |anthanum

oxi de, and ot Fhe setectiation imkssalsedn assomplished hyxdepesitingcake an thachtelysy oxi de,

and manganese_.oxi d ferred ran S ch treat.nent are fr bout 0.1
M 9% to 25 v CORe HisvaRaF 5PS e GRRRE b Atrine 1 e hGRHER HasBbS BB ot such
conpounds basafinfp thBenetp)ighdn Rhctiditat Ghdkiysd whichhiloSethe GepodidroY (oY al so

be acconplished by depositing coke on the catalyst. Coke sel ectivation can

be carried outn therdatajysthedlsetthy catalyshcancbapiesslectivated with byke, fomeianple, he

met hyl ati on eaction |10 osition of cake on
the catal yst. {’%\IeéBOS“E'% %éﬁ%’gfitm gﬁﬁ TB%&?)rr g% 8 &? @gf ggc%lmfaﬂlgk%rgamsr
exarm' e, by ERANIMY dhe BRbeleySblueRe ! RR. F 826! RingePatfret I'l@rémb&syof the
mposabl e organi ¢ conpound, e.g., benzene, toluene, etc. at a
(ﬁper ature i decompesisionftemperatite of mpmbcampnunde mgerﬁ@mr@oof_ 48@iCdtcc atmprbund,
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catal yst per LQut0.18% folf 26 I 6f fdd per pound of catalyst per hour, at a pressure in
the range of from about 1 to about 100 atmospheres, and in the presence of 0 to
about 2 moles of hydrogen, more preferably from about 0.1 to about 1 moles of
hydrogen per mole of organic compound, and optionally in the presence of 0 ‘to
about 10 moles of nitrogen or another inert gas per mole of organic compound.
This process is conducted for a period of time until a sufficient quantity of coke
has deposited on the catalyst surface, generally at least about 2% by weight and
more preferably from about 8% to about 40% by weight of coke.

10012] A silicon compound may also be used to selectivate the catalyst.
The silicon compound may comprise a polysiloxane including silicones, a
siloxane, and a silane including disilanes and alkoxysilanes. As is known to those
of ordinary skill in the art, multiple treatments may be employed to effect various
degrees of selectivation.

[0013) Silicones that can be used to selectivate the‘catalyst include the

following:



the range of from about |
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and preferably are methyl or ethy! groups. R is selected from the same group as

R), and n is an integer of at least 2 and generally in the range of 2 to about 1000.

The molecular weight of the sili

cone employed is generally between about 80 to

about 20,000 and preferably about 150 to about 10,000. Representative silicones

include  dimethylsilicone, diethylsilicone, phenylmethylsilicone, methyl
hydrogensilicone, ethylhydrogensilicone, phenylhydrogeﬂsilicone, |
fluoropropyisilicone, ethyltrifluoroprophysilicone, tetrachlorophenyl methyl
methylethylsilicone, phenylethylsilicone, diphenylsilicone, methyltrisilicone,
tetrachlorophenylethyl silicone, methylvinylsilicone and ethylvinylsilicone. The
silicone need mnot be linear but may be cyclic as for example
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, hexaphenyl

cyclotrisiloxane and octaphenylcyclotetrasiloxane. Mixtures of these compounds

may also be used as well as silicones with other functional groups.

[0014] Useful siloxanes

and polysiloxanes include as non-limiting

example hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethyl

cyclopentasiloxane,

hexamethyldisiloxane,

octamethytnisiloxane,

decamethyltetrasiloxane, hexaethylcyclotrisiloxane, octaethylcyclo tetrasiloxane,

hexaphenylcyclotrisiloxane and octaphenyicyclo-tetrasiloxane.

[0015] Useful silanes,

disilanes, or alkoxysilanes include organic

substituted silanes having the general formula:
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met hyl et hyl si |l i cone, phenyl ethylsilicone, diphenylsilicone,
nmethyltrisilicone, tetrachlorophenylethyl silicone, nethylvinylsilicone and

et hyl vi nyl %(l)hﬁﬁm‘@s-m, he silicone need not be |inear but g@mgg 09,:}’»97;55: as
for exanple exanet hyl cycl otri sil oxane, octanet hyl cycl ot etrasi 1 oxane,

hexaphenyl cyclotrisil oxane and octapheny| cycl otetrasil oxane. M xtures of

t hese conpounds nay also be used as well as silicones wth other functional
groups. [0014] Useful siloxanes and pol ysil oxanes include as non-limting
exanpl e hexanet hyl cycl otri sil oxane, octanethyl cycl otetrasil oxane, decanet hyl
cycl opent asi | oxane, hexanet hyl di si | oxane, octanethytri sil oxane,
decanret hyl tetrasil oxane, hexaethylcycl otrggsil oxane, octaethylcyclo

tetrasil oxane, hexaphenyl eyclotri sil oxane jand

oct aphenvi cycl o-tetrasi |l oxane. [00151 Usefyl silanes, disilanes, or

al koxysi | anes include organic subsjitutedcsilanes @@ving t he general
formul a: WD 2005/ 668406 PCT/ US2004 S"Y’TBSg -7 R RS R3 | R2 wherein
R is a reactive group such as hydrogen, aljoxy, hal ogen, carboxy, am no,
acetam de, trialkylsilyoxy, RI, R2 and R3 can be the same as R or can be an
organi c radical which may include al kyl ofRfrom| to about 40 carbon atons,
al kyl or aryl carboxylic acid wherein the organic portion of al kyl contains
| to about 30 carbon atonms and the aryl group contains about 6 to about 24

carbons whi ch yRYein REjsfalkddtoe uch db ﬁ?dro@kﬂﬁ)ﬁh@x&! haBgerd bk K mifs,0ups
contai ning about 7 to about 30 carbon atons. Preferably, the alkﬁl group
for an al kyl scé¢tamidel sriddsylodemxyaBouR: abdaRgd cabdatthe ssmebenRaeoman ba aohai n
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tri‘ethyl silangy ard chasari ayd dheledDhe organic portion of alkyl contains 1 to about 30
carbon atoms and the aryl group contains about 6 to about 24 carbons which may
be further substituted, alkylaryl and arylalkyl groups containing about 7 to about
30 carbon atoms. Preferably, the alkyl group for an alkyl silane is between about
1 and about 4 carbon atoms in chain length. Mixtures may also be used.

j0016] The silanes or disilanes include, as non-limiting examples,
dimethylphenylsilane, phenytrimethylsilane, triethylsilane and hexamethyldislane.
Useful alkoxysilanes are those with at least one silicon-hydrogen bond.

[0017} In a preferred embodiment, the molecular sieve catalyst is
selectivated using the combined selectivation techniques of contacting the
molecular sieve with a silicon compound and treatment with magnesium and/or
phosphorus.

[0018) Usually the molecular sieve will be incorporated with binder
material resistant to the temperature and other conditions employed in the process.
Examples of suitable binder material include clays, alumina, silica, silica-alumina,
silica-magnesia, silica-zirconia, silica-thoria, siiica-beryllia, and silica-titania, as
well as ternary compositions, such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia and silica-magnesia-zirconia. The molecular
sieve may also be composited with zeolitic material such as the zeolitic materials
that are disclosed in U. S. Patent 5,993,642.

[0019) The relative proportions of molecular sieve and binder material

wil] vary widely with the molecular sieve content ranging from between about 1
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d.

sel ecti vat Qﬁby(ﬁ)hn@gm‘he conbi ned sel ectivation techni ques gi;Tﬁgmﬂ%g-hgg t he
nol ecul ar sieve with a silicon conpound and treatnment w th nagnesi um and/ or

100181 Usual |y the nol ecul ar-ssieve will be incorporated with

phosphor us.

bi nder materi al

in t_he process. Exanpl es of suitable binder naterial include cl ays,
al um na, siligaabott bb GRrRhUBY BRight, %hbﬂecfﬁeﬁ%ﬁeﬁi the 18hdd &laal?dulf ¢0Ré @bout
silica-thoria, silica-beryllia, and silica-titania, as well as terna
conposi tions, 78 qnelmemsb}swk:lcbmﬁmincnhr sieye.iand seilll mem—]abfemm:afrom koo 26,
silica-al um na- %gn&il a an d silica-magnesi a-zirconia. The nol ecul ar

may al so be

proportions

c

o] ecul ar si eve and bi'nder materi al vary w dely

resistant to the tenperature and other conditions enpl oyed

ry

si eve

Ber\ﬁﬂh zeolitic material such as the zeolitic materials

that are di SC@%@P i n Ucafalyd @ﬂa?ﬂéuléiyg%teglfgr th@qgétﬁgrlaf[{)}?réa‘é‘!l@ﬁ éﬁé%eollte _

with

t he nol ecul ar bsurglveeotitent iy sts.a A seycdtaly sis bast weﬁrals ahmumemmﬂp)@ﬁdmﬁﬁm%

PCT/ US2004 /0 3 7 7 -8t bout .9 rce . nore prefe
in the ranee &€ Q?FGUE ‘gdntﬁ aﬁoﬁ?ﬂem?é 9%5 ntW WE‘FFgQ}bfm E)y
and still morgepegfer ahl Séeéi{té’ ol?tQ c %@fs?sb%i cof Hé‘r{ Gt tery s&zﬁ?%?

Cat al ysts partlcu arIy SUIted or t e nethylation re ctlon are zeolit

bound zeol i t eadidicahtgaheadiatd pesesizafiat yolenlaasiewe lahd asbmdcek:ompﬂmhg)deamhd

preparati on,

s hereby

are_described in S. Pat ent 4,603, whic
i ncor por at ed Hystalsed @rsseend mﬂ%@lﬁqu ePrsémgy ztB% prelde bayngd v@bge %’tqust

compr i se i 1 SLofhyStal ull | Plro il feil M SLOPUh AL AN FeiSh 8 L sl 8! CUl ar

ve and a bin

Pr ferably,

percent by wei ght based on the total weight of the first and second zeolite

er conpri si S€co ryst seco
t fezor@eddliteofmunizeolieio birtder, ead. ,adnyc&phommmern.%ﬂ eampldaisuth

of non-zeolit# EatBkYﬁ‘d‘@mPrtsebﬁTSt shistabhelud Miil g dMEL A ugtigiype. o8- éabho o5

catal yst conpriRes; TSt bifhdHodlmistly @cdfd c9bialElr BFE UPMEE i $pd

ZSM5 or

e.g., Silicalite 1 or Silicalite 2.

[0021] Hydrogenation metals useful in accordance with this invention
encompass such metal or metals in the elemental state (i.e. zero valent) or in some
other catalytically active form such as an oxide, sulfide, halide, carboxylate and
the like. Preferably, the metal is used in its elemental state. Examples of suitable
hydrogenation metals include Group VIIIA metals (i.e., Pt, Pd, Ir, Rh, Os, Ru, Ni,
Co and Fe), Group IVB metals (i.e., Sn and Pb), Group VB metals (i.c., Sb and
Bi), and Group VIIA metals (i.e., Mn, Tc and Re). Noble metals (i.e., Pt, Pd, Ir,
Rh, Os and Ru) are sometimes preferred, most preferably Rh. The hydrogenation
component may also be accompanied by another metal promoter.

10022 The amount of Group VIIIA hydrogenation metal present on the
catalyst will usually be from about 0.1 wt.% to about 5 wt.% of hydrogenation
metal based on the weight of the catalyst. The incorporation of the hydrogenation
metal can be accomplished with various techniques known to those skilled in the
art. For example, the metal can be incorporated into the catalyst by impregnation,
or by 1on exchange of an aqueous solution containing the appropriate salt, or by a
combination of these methods. By way of example, in an ion exchange process,
platinum can be introduced by using cationic platinum complexes such as

tetraammine-platinum (II) nitrate. In addition. the hydrogenation function can be

rably
si eve,

e

ar sieve.

L]



ZSM 11, and a binder conprising second crystals of MFI or MEL structure
type, e.g., Silicalite |l or Silicalite 2. [0021] Hydrogenation netal s

useful in \%ggly,q,am,@ with this invention enconpass such ,;Eerb% m'g;“s%t als in
the el emental state (i.e. zero valent) or in sone other ca I2

active formsuch as an oxide, sulfide, bhalide, carboxylate and the I [ ke
Preferably, the netal is used in its el enental state. Exanpl es of suitable
hydrogenation netals include Goup VIII A netals (i. Pt, Pd, It, Rh, GCs,

Ru, ' 1 ? t al
(e s and By BRTE BIRTRARb e 0 i 28 h?%, Epiog oy By 21

netals (i.e. phﬂwall?dnvdeﬂ .oy extRijedGeitlathd aRuye eatelysiorRityisivekinpmefesadngsingnost

f bl d | d by
ot her ot a e ABfgEaoniges b THREPTABHn <ok P eb OF PRk ) GPUGBHEE on et a
present on t Q@parﬁ@%ﬂﬁ{e RilL caadl byq %nﬁﬁ@%?ﬁ#ﬁ%% ngmiiﬁ yst {Qilto%eﬁ’zgﬁﬂt 5 wt. %

of hydrogenati'on netal based on“the wel ght
i ncor por at i ofuratio iptacky dif dgenparbkiomty wehatatelyst. Héorzsempiel thehedrogetdtionar i ous
t echni ques knovvn to.those skilled in the art. For_ exanp e nmetal can be

i ncor por at ed ekl Gan he 1mgregneisd oplp FhAMEFRAES Skpporighals cpcmmgf@g WERYReof an
aqueous sol U%&@% rﬁet%atagtlgge tﬁ@@%ﬂ&?&g hakfnsd! rLU Opafit Ro. RO ?‘@tﬂoon of

t hese net hods y way O I'n an 1on exchange process, atinum can
be i ntroduce@dﬁyrualmgwoqioméﬂb} pfaenceimreianpl exes such as
t et r aanm ne- platlnum(ll nitrate.. In addltlon t he hydrogenation function

can be WO 2( V2368406 PoPicakoelletog 7ggents g ipgl B%nmeﬁgﬁnﬂhyétfe%ibylﬁ%rmte
admi xing: ! "Bledfenybfife 1" 9eRAbIcRaLuNCt | APORARGPNY ! £8lidgeghaed of

extruded wt Ve ca ysi cal I 'mate adm xi ng dl so be
cohduct ed by dirbethop@tiaine n@cttbse, hyslr cijesdlylsalfideuncFéron aluaepar theatee
separate fromthe active catal yst, and then the particle carryi ng t he
hydr ogenat i ofretigan ORTORfSRC SBF i Frefansde MitBYlaHNE yagents rase credirgek andor

crarml e eyl pOgael R0 S BTEOORECL O B e BOSS
descri bed i ntid ﬁgenP&b&rtte femeRéron3 1heO HY, CQ, and/or CO, of synthesis gas. The
methylating agent can be formed from the synthesis gas within the methylation
reaction zone. One skilled in the art will know that other methylating agents may
be émployed to methylate the benzene and/or toluene based on the description
provided therein.

{0024} In accordance with this invention, either (a) the selectivated
molecular sieve or (b) the selectivated and hydrogenated molecular sieve used in
the alkyating process will have an alpha value of less than 100, more preferably
less than 50, even more preferably less than 25, and most preferably less than 10.
As used herein, the alpha value is a measurement of the Bronsted acid activity of
the selectivated molecular sieve, 1.e. it discounts the effects of the addition of the
hydrogenation component on the alpha value of the molecular sieve. The alpha
test is described in U.S. Patent No. 3,354,078 and in the Journal of Catalysis, Vol.
4, 522-529 (1965); Vol. 6, 278 (1966); and Vol. 61, 395 (1980), each incorporated
herein by referenced. The experimental conditions of the alpha test preferably
include a constant temperature of 538°C. and a variable flow rate as described in
detail in the Journal of Catalysis, Vol. 61, 395 (1980). Typically, molecular sieves
having a higher silica to alumina ratio will have a lower alpha value. Regardless,

the alpha activity of a catalyst can be reduced in accordance with techniques



Butter et al., incorporated by reference herein. [0023] Typical alkylating

agents include nethanol, dinethylether, nethylchloride, nethylbrom de,

met hyl carb Bso@eRt al dehyde,  di met hoxyet hane, acetone, <

di et hyl suﬁ?ﬁde. Fo? a toluene or benzene nethylation pr%@gggz,""'f’%eﬂ&

preferred nethylating agents are nethandP-and dinethyl ether. The

net hyl ati ng agent can al so be forned fromsynthesis gas, e.g., the agent

can be forned fromthe 112, CO and/or CO2 of synthesis gas. The

met hyl ati ng &gewh tc dinsberffoadimexy Skilbin tHeears y hothesingplgabe winhhi stitine of a

met hyl ati on reaction_zone. e skilled in the art will know that other

net hyl ati ng &@éﬁ’tg%mﬁﬁ}’e Tﬁ‘g‘w@ D’d%ﬁe%nﬁé]?%%téﬁ'g & REPRERZEFOnd’IQRSr % ol uene

based on the | ok ' : | | dance with this
(ash e%ggahgﬁlg (RE OHAIECit i Bhesuch A0 2L et AGRL

i nvention, eith | vate nol ecul ar sieve or (b) the
sel ecti vat ed [@028] hydr odéeailedatinn reauioarcas bevariud edt inrvapbhphaat kRasdtiog pr ocess

w || have an al pha val.ue_ of. | ess. than 100, .nore pr.ef.erabl | ess_t han 50,
even nore pré&P H?J‘Fsys"?l@g?’ {Hapseol g‘ﬁrﬂeﬁgfnvﬁ@?’gﬁ%‘ﬂp@e Iteééléeﬂ'?tﬁ%ﬁ% fom  As

used herein, ,bhg @b@hamlvﬁoufm@ @aﬁ@ﬁ?e&'érgﬂ‘?:&?oﬁthddﬂ@ By ARk 96906\@! drpRctivity

of the selectivated nol ecul ar sieve, |.e. di scounts the effects of the
addi ti on of tdeetiomisgrefgeatdy camied onpo agntssam ftdne abdyHapsua(168 kih) tohE)QGol ecul ar

[ . Th | ph is d i bed in U S. Pat. 3,354, 075 inth
AR RN FER W T R Xt B
61, 395 (198Qbn SAChLIRBIONERA BRIV 08 PR RNSE rio TheS ReperiEent al

conditions of the al pha test preferably ™ include a con nt tenperature of
535C. and a veciiabhse pfdferablyatagries odesica meeght ihmurldetpacd velocithef betweeal of

ST foh to al MLy T BbdutR0HRgE Befefuit baiona AVarLL T RAGRP BE D he
202k B Ak e Ao oy BRI REGRM A0 SEpA i VO
art. For exagpdw,l00heecighpbiclacgd pert weight of catdystl pesthommy The maslucatid dfy (1)
Steam g the o A b et ARy b n e ool chns vary indill usually be from about

0.1:1 to about 20:1. Preferred ratios for operation are in the range of 2:1 to about

4:1. The alkylating agent is usually supplied to the reaction zone through multiple

feed points, e.g., 3-6 feed points. The process is preferably conducted in the

presence of hydrogen at a partial pressure of at least 5 psi (34 kPa). Preferably,

the system also includes water added to the feed, such that the molar ratio of

hydrogen and/or added water to the aromatic compound and alkylating agent in

the feed is between about 0.01 to about 10.

{ | [0026] In an embodiment, the molecular sieve used in accordance with

this mvention has a hydrogenation metal comprising rhodium. The use of

rhodium as the hydrogenation component has been found to reduce the amount of

synthesis gas formed due to the decomposition of the alkylating agent (i.e.

methanol in the preferred embodiment).

[0027] In another embodiment, the nolecular sieve used in accordance

with this invention has a hydrogenation metal comprising platinum, and a

selectivating compound comprising phosphorus. When such a molecular sieve is

used in the process of this invention, and wherein water is co-fed into the reactor,

the amount of synthesis gas formed due to the decomposition of the alkyiating

agent (1.e. methanol in the preferred embodiment) is found to be reduced.



(2) ion exchanging the catalyst with cations such as al kali netal ions.
[0025] The al kyl ation reaction can be carried out in vapor phase. Reaction
condi t i onswgdoh@dsga or use in the present invention incl ures
from . about 300 C to about 700 C and preferably about 400WU§7%§E%3?§ 700 C.
The reaction is preferably carried out-at. a pressure from about | psig (108
kPa) to 1000 psig (6996 kPa), nore preferably fromabout 1 psig (108 kPa)
to 150 psig (1136 kPa), and even nore preferably about 1 psig (108 kPa) to
50 psig (446 kPa). The reaction is preferably carried out at a wei ght
hourly space velocity of between about 0.1 and about 200, nore preferably
bet ween aboutEXAMPBESut 20, and even nore preferably between about 6 and

o ot of " cncipabient: “FEUsAREckupiba, %' bF SuriRbaio B N8 5

al kyl ati ng agenkalgaayary and wil |l usual ly be fromabout 0.1:1 to about
20: 1. Preferred ratlos for operation are in the range of 2:1 to about 4:1.
The al | cyl ati{6@28gent |Slllcr.e&ba1hﬂdy}bﬁﬁm -be(d.4 qum h@orleScAlHnexamdetet (f5difgh
multiple feed points Ieed poi nts. The process, i.s prsf erably

conducted i n 4¥d- 5/§¥Q§séﬁée cashndwfa ) Fepsrmpregnaiss for Qll W{’é’sﬁlé‘i*@mét( ‘at‘“ﬂbast 5
psi (34 kPa) e feed,
such that t héeﬁ% ajfn@ﬁ{l%mun# Qﬁ% %Fﬁ%(ggahﬂé%g/a g;a@bgﬁg?g:@% er %%,L 12?%)%&t iC
conpound and thék ydledtivagd agientilica by tiherdgdating svithel. &&ar%ammu’im Ba@ tiliconabout
10. [0026] In an enbodi ment, the nolecul ar sieve used in accordance W|th

this inventi dﬁlmﬂgyfﬁhmﬁﬂﬁbm&{ﬁé‘WWI aln ceReARs: s iSHIPPIMb dibamdegans, yard o

rhodi um as t d o] nmount
of,_synt hesi Sl 300 5o DR AT R SR PR o AP RS ?%SEQgem
(I . €. met hanblee infort bighepr The fingidnaebgdiadentalpha[\a0 df 254, anot her enbodi nent,
the nol ecul ar sieve used in accordance wth this invention has a

hydr ogenati on net al corrpri sing platinum and a selectivating conpound
conprising p S.EE!W S. sygh e\ rocess
of this inve% ) % e?del EXWE mﬂei@c?iﬁ#eggofi %optﬁﬁjﬁrﬁ’é tk&]ﬁ%tbﬁe anmount
of synthesis mﬂzf(%wy{std})e to the deconposition of the al kyl ating

[(0029] Silica-bound H-ZSM-5 (0.4 pm, 26:1 Si:Aly) extrudate (65/35
ZSM-5/ 8i0,, 1/16” cylindrical) was loaded with 0.1 wt.% Pt by incipient wetness

in}pregnation with tetraammine platinum nitrate, followed by drying at 250°F
(121°C) and calcining for 1 hour in air at 660°F (349°C). The platinum-containing
extrudate was then selectivated with silica by impregnating with 7.8 wt.% Dow™-
550 silicone in decane, stripping the decane, and calcining. This procedure was
repeated three more times. The 4X selectivated material was then steamed in

100% steam at atmospheric pressure for 24 hours at 1000°F (538°C). The final

material had an alpha value of 17.

Example 3. Steamed, 3X Silica-Selectivated H-ZSM-5/8i0; (Catalyst C)
[0030] Silica-bound H-ZSM-5 (0.4 pum, 26:1 Si:Aly) extrudate (65/35
ZSM-5/ 8102, 1/16” cylindrical) was selectivated with silica by impregnating with
7.8 wt.% Dow™-550 silicone in decane, stripping the decane, and calcining at
1000°F. This procedure was repeated two more times. The 3X selectivated
material was then steamed in 100% steam at atmospheric pressure for 24 hours at
1000°F (538°C). The final material had an alpha value of 15.



agent (i.e. nethanol in the preferred enbodinent) is found to be reduced. WO
2005/ 068406 PCT/ US2004/ 037785 -]- EXAMPLES Exanple 1. 4X

Si l'i ca- Sel w¢fdovgibagahs 0. 1% Pt i npregnated H ZSM 5/ Si 02 (%ﬁ{]%ﬁ 4,@7,;1;00281
Silica-bound HZSM5 (0.4 m 26:1 Si:A 2) extrudate (65/35 ZSM5/Si 02,

1/ 16" cylindrical) was inpregnated for Q021 wt. % platinum (Pt) with
tetraamm ne platinumnitrate and cal ci ned at 660F (349C). This material was
then selectivated with silica by inpregnating with 7.8 wt. % Dowl'M 550

silicone (dipggiinikRDORLHES, 01 ROPY SpP¥aNRd,| IK BihaNSelestivatBPHIZSME
decane, and cal cining at 1000F (5380). This silica selectivation procedure

was repeat ed 5/8ibhd€aralyst ID)i nres. The final material had an al pha val ue of

255. Exanpl e t eanme 4X Silica-Sel ectivated . 1% Pt i opregn d H ZSMm
5/Si 02 (Cat aI[@%ﬁB) [0 ]Caéf‘%’?tcg?b%iﬁ?b[’(i?—l-i%SS]‘i"’g?‘i ¥ith AT ﬁ%y
extrudat e (63 Jpientwidiets ﬂln@% natohBwitE Mkt Rh fR| Jlaif@en |RRstedfolowd byl W . %
Pt by incipient”wetness | r%gnatl on with tetraamm ne platinumnitrate,

fol |l owed by dryingat 260°P50E1°Q)12Qaleinthgdat 8ihwiurginf air al 660 (348°Q)i rThet 660F
(349C). The pl a}inun}contai nin extrudate was then selectivated wth silica
by i npr egnat i8¢ Xﬁ}stpﬁ‘o?t.OBmWTP%a%SW?ﬁFh T%QEPP'%%%‘EF‘H%@G a valbe of Wi ng t he
decane, and calcining. This procedure was repeated three nore tines. The 4X
selectivated material was then steanmed in 100% steam at at nospheric
pressure for E3anipless Steath@00FX (GRGGCHeledtieatbd @l % Patiepregndted! T SMpha

val ue of 17. Ex_gbrrpl e 3. itdearred, 3X Silica-Selectivated H ZSM 5/ Si O2
(Catalyst O S/I5ig 36t ayst ¥da- hound H ZSM 5 (0.4 m 26:1 Si:A 2) extrudate

(65/35 ZSMm 02, 1/ iNghr & ey | gty Wit Rasi td by
[ npr egnat i ng?%)?}%!lu 7.8 Sjrm}?cao}o? %T%i%glgi él(pleﬁg?l]g Tﬁ'ldgg%%g st rlala%pm%%t he
decane, and @EMISNEIW,, 116" E9RRHrcallhves Iphdciadis 0. IWes% 0 NS aheipienyoetiREL t1 MES.
The 3X sel ectivated ) ) . ) ) o
impregnation with tetraammine platinum nitrate, followed by drying at 250°F
(121°C) and 'calcining for 3 hours in air at 660°F (349°C). The platinum-
containing extrudate was then selectivated with silica by impregnating with 7.8
wt.% Dow™-550 silicone in decane, stripping the decane, and calcining at 1000°F
(538°C). This procedure was repeated two more times. The 3X selectivated

material was then steamed in 100% steam at atmospheric pressure for 18 hours at

1000°F (538°C). The final material had an alpha value of 14.

Example 6. Catalytic Evaluations of Catalysts A and B

[0033] The followmg catalytic data were obtained using a downflow
fixed-bed reactor with the following operating conditions, unless otherwise noted:
Temperature = 500°C, Pressure = 15 psig (205 kPa), Ho/hydrocarbon molar ratio
= (.8, pure methanol and toluene feeds at 1:3 molar ratio, WHSV = 3.9 h” based
on sieve-containing base case catalyst. The catalyst load was 2 g for the base
catalyst runs. For the 1:3 molar feed mixture, the maximum toluene conversion
expected from reaction with methanol would be about 33%. Methano! utilization
is reported as (moles of xylene formed — moles of benzene formed) / (moles of
methanol converted). Benzene is subtracted to account for any xylene formed by
the disproportionation of toluene to xvlene plus benzene.

[0034] Referring now to Figure 1, Catalyst A is impregnated with a

platinum hydrogenation component, however, the test data indicates poor stability



material was then steaned in 100% steam at at nospheric pressure for 24 hours
at 1000F (538C). The final material had an al pha value of 15. WD

2005/ 116840% Wodinddnr004/ 037785 -12 Exanple 4. Steanmed, Opdfq:&ysereanat ed,
3X Silica-Selectivated HZSM 5/Si 02 (Catalyst D) [0031] The catal yst of
Example 3 was |oaded with 0.1 wt.% Pt by 13inci pi ent wetness inpregnation
wth tetraammine platinumnitrate, followed by drying at 250F (121C) and
calcining for 3 hours in air at 660F (349C). The catalyst, prior to

i ncor por at i ong o tRgViEkTagRB b ufm@hhe aas aﬁ&@@swahtumﬁgfegﬁa@on &anpl e 5.
Steaned, 3X Silica-Selectivated, 0.1% Pt i npregnated H ZS / Si 02 (Catal yst

E) [00321 Si |hy;caogmndn HeaxgMeny @an pphapee 1thei eaialeyt evabiipafcs eawlsme ZSM 5/

St 02, 1/16" I|n rjca was _| aded t ness
ipr egnat | on JIELRAHSE; BEAPRM MR TEE PR TP Bt FOPTO S yB R DRt 2507
(121 O and calghRiHag fiOF afphRQMRS. i n air at 660F (349C). The platinum
contai ning extrudate was then selectivated with silica by inpregnating with

7.8 wt.% DowlTM 550 silicone in decane, stri ppl ng the decane, and cal ci ni ng
at 1000F (53 This ce e times. The 3X

sel ecti vat ed Eﬁé’t"@’ Jét 35’23 ﬁg}]ﬁg‘ﬂg %Péﬂmi ﬁo gt at mospheri c
pressur e for gspur s afiguhQ095 ¢ thel Bersbirhiloe "Bt E4thigbts RIDAGAIED

val ue of 14. @ ngl tal yti c Eval uat ﬁborns of CE:ata ys}?sSA ‘and B [0033]

The foll ow ngThatthwtshcwdﬁtaa pAﬂnmnobnearpemtmsl mgp ahelafit anoletulxedidved
reactor with the foI %Jondltl ons,. unl ss ot her wi se_ not ed:

Tenperat ure _c@@l@@s ilityp parapgpilen 59 Fﬁ}ﬁ’l‘téfcéﬁ" JRERA ratio
0.8, pure mELRANGH ?'&9: 15915&19% a%&ta cttord wigthdfe bBht anViSNihintnd M-

ba ed on sieve-containing base c se cata yst e catal yst was 2 g for
t he base cat afitgs4 of thissinvémiiont he 1: 3 nol ar feed m xture, the ITB.XI mum t ol uene
conversion expected fromreaction with nmethanol would be about 33%

Met hanol utilization

Example 8. Catalyst F

[0036] A 450:1 Si:Al; HSLS ZSM-5 molecular sieve is spray dried in a
silica/alumina/clay/phosphorus matrix followed by calcination in air at 540°C.
The base material is then steamed-selectivated at high temperatures

(approximately 1060°C). The resulting material had an alpha value of 2.

Example 9. 0.1% Pt impregnated Catalyst F (Catalyst G)
[{0037] - The catalyst of Example § was loaded with 0.1 wt.% Pt by
incipient wetness impregnation with tetraammine platinum nitrate, followed by

drying at 250 °F (121°C) and calcining for 3 hours in air at 660 °F (349°C).

Example 10

[0038] The following catalytic data presented were obtained over
Catalysts F and G using a downflow fixed-bed reactor with the following
operating conditions, unless otherwise noted on the figure: Temperature = 500-
S85°C, Pressure = 40 psig (377 KkPa), Hi/hydrocarbon molar ratio = 2,
H2O/hydrocarbon molar ratio = 2, pure methano! and toluene feeds at 1:2 molar
ratio, WHSV = 2-8 h™' based on sieve-containing base case catalyst. The catalyst
load was 2 g. For the 1:2 molar feed mixture, the maximum toluene conversion

expected from reaction with methanol would be about 50%. Methanol utilization



Is reported a
of net hanol

formed by whhgedlicgRoportionation of toluene to xylene plpys,RengGRess100341

S (rmoles of xylene forned - noles of benzene forned) / (noles
converted). Benzene is subtracted to account for any xyl ene

Referring now to Figure 1, Catalyst Ais inpregnated with a platinum

hydr ogenat i on

conponent, however, the test.data indicates poor stability WO

2005/ 068406 PCT/ US2004/037785 -13 at 10 hours. Referring to Figure 2,
s that inpregnation of a hydrogenation conponent can enhance
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t he catal yst
hi gh par a- xyl

conpare the p
pl ati numinco
t he catal yst

of the toluen
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st eaned- sel ec
resul ting mat

Catal yst F (Cattalsiow Byt inffeghhtibhef dalystsE vwith Fatnphedramedcatlyoadedcasi th 0. 1

w. %Pt by i
nitrate, foll
air at 660-F
present ed wer
reactor with
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Exanpl e 7. Catmethahblccdivettedit iBrmgeref is Gabtadoyest ®© aCcodyt fanahyExylom3Hmed §ur es 3-5

t he

rformance of. Catalysts C.. D, and E. The data show t hat
cﬂl%{?w!?wwnﬂtﬁzolﬁ@e&%y}?m Q@E?@Pz‘aeeve catal ysts enhances
?“321 lity, TRataa Yik%@ﬁ"oﬁﬁzlrf%‘é%lﬁgétgliysﬂpﬁ éﬁﬁ%@ﬁ%gurmﬁ! 'Tht%ﬁfe ion

hyl ation reaction, when t a value 1s wthin

r sieve is spray dried in a silical/alumnal/clay/phosphorus
matrix fol | onBeHIBYNEUEAE nation in air at 540C. The base naterial is then

MG €1 o 20 SRR AURENEIHERS o RONR REHERE A Ton Bt oo

Bireat
(349C). Exanple 10 [0038] The followi ng catal ytic data

nci pi ﬁ'?ﬁ% I_\E/\ﬁ’ge&ness | npregnation wi.th tetraanm ne plati num
al 1He:

e obtained over Catalysts F and G using a downflow fixed-bed

Ehembld 110WCanglyst H

10041] Catalyst H is a zeolite-bound-zeolite having a core zeolite crystal
comprised of ZSM-3 (70-75:1 Si:Aly) bound with silica (binder content 30% of
final catalyst), where the silica binder is converted to silicalite (> 900:1 Si:Al).
The preparation of such a zeolite-bound-zeolite is described in U.S. Patent Nos.
5,665,325 and 5,993,642, The final material had an alpha value of 630.

[0042) | Catalytic data for Examples 11-16 were obtained using a downflow
fixed-bed reactor with the following operating conditions. unless otherwise noted:
Temperature = 500°C, Pressure = 15 psig (205 kPa) - 150 psig (1136 kPa),
Hy/hydrocarbon molar ratio = 2, pure methanol and toluene feeds at 1:3 molar
ratio, WHSV = 8 hr”' based on sieve-containing base case catalyst. The catalyst
load was 2 g for the base catalyst runs. For the 1.3 molar feed mixture, the
maximum toluene conversion expected from reaction with methanol would be
about 33%. Methanol utilization is reported as (moles of methanol converted) /
(moles of xylene formed — moles of benzene formed). Benzene is subtracted to
account for any xylene formed by the disproportionation of toluene to xylene plus
benzene.

[6043) Referring to Figure 8§, the catalytic performance of the reference
Catalyst H shows good stability and methanol utilization. but no enhanced para-
selectivity. High 1initial benzene formation (7%), due to toluene
disproportionation reaction, was obtained. The toluene conversion declines with

the time on stream. This decline is mainly due to the loss of catalyst activity on

hp gatatysbastivity asppaingginedat 1081M0H ng for 3 hours in

4



operating conditions, unless otherwi se noted on the figure: Tenperature =
500- 585C, Pressure = 40 psig (377 kPa), H2/hydrocarbon nolar ratio = 2,
H20/ hydr ocgpbassmkei@dr ratio = 2, pure nethanol and tol ueng1f Rehs @Y% 2
nmolar ratio, WHSV = 2-8 h-' based on sieve-containing base case catal yst.
The catalyst load was 2 g. For the 1:2_yolar feed m xture, the maxi num

tol uene conversion expected fromreaction wth nethanol would be about 50%
Met hanol utilization WD 21)05/0684116 PCT/US211114 /03 7 7 8 5 - 14 is
reported as (§pligHeRl gi&ﬁb?@ﬂid‘nﬁ{i&?g actiR! The HenDGRZRPBAGNH H@éiiéasé? (rah es of
met hanol converted). Behzeéne is subtracted to account for any xylene forned
by the di sprifpac tesstiaini2o6 withint 4 here. t o xyl ene plus benzene. [0039] The
catal ytic performance for Catalyst F is shown in Figure 6. The data show
that the tol uene conversion was decreased from25%to 12% w thin 13 hours
on stream [ OR4 bYRLES i ﬁ?@g is shown in Figure
7. The dat aogﬁ%l'vxp !;I;hh%.o?%r/gg% %‘?@E\ebgé {%?ﬁﬁ%% vmt%‘%gtpﬁati num dramatically
enhances the[06ddjal yst Chtabst Hheasceteatiysed anthi ¥ivt.Yo ofmagiesiuai (Mdg) mtthd 50
hours. Exanple 11, Catal yst H 100411 Catalyst His zeol i te-poynd-zeolite
havi ng a cor dodewing aanpiist AMMOBHE jHEe Jiexakydrate §.4g3 - wassispalysd gy ynd
wth silica (44 : 0 f j Y. Lld;Ga bi nder
is converted Tﬂd@%eé?lgliaﬁ?%cfgakeg g%g:sfhjgloﬁ,%\liaf%%%ha?d%? é%@@ ?if)(?l&(i)l? E:ts}lljg a

zeol i t e- bounda 7@aly irfipregnaie:s c Thbedtalyst WvaS. dritelt atnambleat cornlihéis, S2nighd
5,993,642. The final material had an al pha val ue of 630. 100421 Catal ytic
data for ExanpheeatalystigasgatcneshatH6aeld (3.f§’|° Ghfos demiag irofwll 4if evplbelmivact or

Temper at ur o T E0GRIARE aRGREnEPBEBLT Bops BEXGE) O "TEG 021 071136 kPa)
H2/ hydr ocar boppogsy ar rakbﬁnﬁlgpoﬁfufcﬁH@k@@%a%r@imliﬂ@f@nmﬁﬂ&eaﬁmm3 nol ar .
a

ratio, WHSV = 8 hr" based on sieve-containing base case catal yst. The
catal yst | oakbostssthe pprd-wylenhgelpeibatycapml sbout S@bs o Bbputt G08%6.1: IBoweNear af eed
m xture, the

slight impact on the catalyst stability, toluene conversion and methanol utilization
is shown. Figure 9 also shows that higher reaction pressures (150 psig (1136 kPa)
versus 50 psig (446 kPa) result in lower para-xylene selectivity (58% versus
65%).

Example 13. 1.5wt.% P, 7 wt.% Mg impregnated Catalys't H (Catalyst J)

[0046] The catalyst of Example 12 was modified with 1.5 wt.%
phosphorus (P), and the resulting material had an alpha value of 37. Referﬁng to
Figure 10, Catalyst J was evaluated in a toluene methylation reaction at different
hourly space velocities, with and without co-feeding water, and at different
reaction temperatures. The data show that increasing the hourly space velocity
from 4 to 8 resulted in higher para-xylene selectivity (78% versus 63%). In

addition, the toluene conversion and methanol utilization were slightly improved.

Example 14. 2.5wt% P, 7wt% Mg impregnated Catalyst H (Catalyst K)

[0047) The catalyst of Example 12 was modified with 2.5 wt.%
phosphorus, which resulted in a final material with an alpha value of 37.
Referring now to Figure 11, i.ncreasing the phosphorus content over the 1.5 wt.%
provided in Example 13 improves the para-xylene selectivity from 75% to 93% at

the same conditions. However the stability of the catalvst is affected, with the



maxi mum t ol uene conversi on expected fromreaction with nethanol would be
about 33% Methanol utilization is reported as (noles of nethanol converted)

[/ (ol es&péggﬁy,{]mﬁﬁ fornied - noles of benzene forned). B@P@gﬂf(‘u}u?ﬂ%
op

subtracte account for any xylene fornmed by the dispr I'onat1 on of
toluéne to xylene plus benzene. [0043]l;Referring to Figure 8, the catalytic
performance of the reference Catalyst H shows good stability and net hanol
utilization. but no enhanced para- selectivity. High initial benzene

for mat 100 ( Tafner ot OLHRARof ;o B AR IAURAL Oy SACL A0 985, B2l ned.

The tol uene n r‘on clines wt time on stream i's decline is
mai nly due tthe idveerlphsspiwimo@ntiny sitalgst ofilixtaynpbni N0 2005/ 068406

PCT/ US2004/ 037785 15 the tol uene disproportionation reaction. The benzene
formati on decreased from 7% to |less than 2% w thin 24 hours. Exanple 12. 7

wt.%l\/girrprpg}gﬂﬂ d t gahwsiés, S +of ORAS
sel ectivated w t#’]ﬁ71§:\7ta. ﬁ/ol?)‘? /ng%]%gglgﬁ#y/?il\’/gﬁtl% %hﬁ%@%@&ng@nﬂgﬁﬁgrﬂ
Ammoni um ni t(Catglyseelkphydrat e (55.49) was dissolved in 27.95g deionized

water. This solution was slowy added to | OOy of Catalyst Hin a rotary
i npr egnat or . [08 cat al VB¢ catplystafifegmple é‘hﬂiaémo%%mtﬁ@anW@fmcﬁlﬁFﬂ The

t al yst |G i f '
vol ot/ m a0 7k Sy @be o EitBtcrh DR A cRid e it bls issolyg
Ref erri ng naw defoniZegusaterd, Thingsiagon wak glokég addddan the eanlysndf E-hogsé $4t he

par a- xyl ene selectivity from about 30%to about 60% However, a slight
i npact on tHa aratalyyisepregnesitl | The caiglysewes auned nelloandathen rstedaaicl S0°F

(150 pei o ( 1185 Riietye s Sah 3 e et satcumsdy e airet RO ARG o1 ene
oo Sy AR yeroNping S 15, LS n T ot Lopreanated,
1.5 wm.% {0049} As shown in Figure 12, significant catalyst stabilization was

achieved by the addition of the hydrogenation component, rhodium, while
maintaining high para-xylene selectivity.

[0050] Moreover, as shown in Figure 13, gas phase analysis indicates that

the use of rhodium as the hydrogenation component for a molecular sieve in
accordance with this invention reduces the unwanted methanol decomposition to

synthesis gas, in particular when water is co-fed into the reactor. As used in

Figure 13, the term "MTPX" refers to a 4X silica selectivated H-ZSM-5/Si0,
molecular sieve. In addition, Figure 13 shows that selectivation of the molecular

sieve with phosphorus while co-feeding water inhibits the unwanted methanol
decomposition to synthesis gas when used with other hydrogenation components.

For example, a molecular sieve catalyst in accordance with the limitations of this

ipvention having platinum as the hydrogenation component and phosphorus as the
selectivating component has a reduced methano] decomposition to synthesis gas

when water is co-feed into the reactor.

Example 16. Catalyst M ‘

[0051] Silica-bound H-ZSM-5 (0.4 um, 26:1 Si:Als) extrudate (65/35
ZSM-5/810,, 1/16” cylindrical) was selectivated with silica by impregnating with
7.8 wt.% Dow™-550 silicone in decane, stripping the decane, and calcining at

1000°F (538°C). This procedure was repeated two more times. The 3X



phosphorus (P), and the resulting material had an al pha val ue of 37.
Referring to Figure 10, Catalyst J was evaluated in a tol uene nethylation

reaction g diokh&uent hourly space velocities, with andP%}lEQHQMWR; eedi ng
water, and at different reaction tenperatures. The data show t hat

increa5| ng the hourly space velocity fiDm4 to 8 resulted in higher
par a- xyl ene selectivity (78% versus 63%. In addition, the toluene
conversion and nmethanol utilization were slightly inproved. Exanple 14.

2.5W % P, 7Wclechatapiaeanaded theatsadarsdd ihl 1000 abatstat Mmospléit/Fresse: foat al yst
of Exarrple 12 was nodified with 2.5 w.% phosphorus, which resulted in a

final materi & hatrs it WS BIHHECral ue of 37. Referri ng now to Fi gure 11,
i-ncreasing t hospho S content over .t % p ov i.n Exanple 13
i mproves then’g a- Xyl ef‘(gg%gl“@ﬁt”i‘%t‘?;(?eﬁkgﬁf 844 {Sgng@,g% isso g Ea?r?e:Ex

condi tions. Hoywgyar.d ﬂrﬁte?'aﬁ@bﬁdédYton‘? ¢ e thadBdfSd chidlval f&ﬁ&tex%m‘i%tﬂﬂet he WO
2005/ 068406 PCT/US2004/037785 - hi gher phosphorus content of this Exanple
14 deact i vat ¢angysthveaschriedl cy\&trmﬂa% éﬁO%@@l“@heTh@ma]yphw&omen usicoedtient

catal yst of Exanple 13. Exanple 15. O0.lwt% Rh, 2.5wt%°, 7wt % My i npregnat ed
Cat al yst H @@atﬂaﬂt)lé’pmf)(ﬁ[—"@ 8°Pr ﬁ'h@“rc,(étwl/ﬁvm@f) Exanmpl e 14 was nodified with

0. 1wt % of m (Rh), as t.he n._co m chl r|de
hydr at e was @ﬂé Ived Wl%ﬂé\n?}rﬁ a\%a&a(ﬁg &TWPSSHENQYE[{I&I%&‘% §F18W2§ added to
the catal ystygkr BXa@mEM@IyldddeliNoas 7.0t & ¥f tRPLOERAE Qbovel NA kR mLYSE, Mas m xed
wel |l and then dried at 250F (121C) overnight. "The catal yst was ‘hen

cal cined in ¢amlystavas dited @60F0°FIAVTCL) for 2 hauso s caBlysbivay Giehwaieined[iD049] As
shown in Figure. 12 ignificant catal )ngt stabjlization was achieved by the
addl tion of g‘gf?’ét 9T onfor 3 eBdAOVYeIgBIUM while maintaining high

T e ool e A RO, P £51, D
for a nol ecudednisddewetet And slowly added to 30 g of the catalyst above The catalyst was
mixed well and then dried at 250°F (121°C) for 4 hours. The catalyst was then
calcined in full air at 660°F (349°C) for 3 hours (3 vol/vol/min).
0055} The resulting catalyst had a composition of 0.1 wi.% Rh, 0.76 wt.%:
Mg, and 1.5 wt.% P, and an alpha value of 51, prior to incorporation of the
hydrogenation component.

{0036] Figure 14 shows the catalyst tested at different pressures, with and

without co-feeding water. The catalyst is stable and selective.

Example 17. Steamed, 3X Silica-Selectivated H-ZSM-5/8i0-

[0057] Silica-bound H-ZSM-5 (0.4 um, 26:1 Si:Al) extrudate (65/35
Z8M-5/810,, 1/16” cylindrical) was selectivated with silica by impregnating with
7.8 wt.% Dow™-550 silicone in decane, stripping the decane, and calcining at
1000°F. This procedure was repeated two more times. The 3X selectivated
material was then steamed in 100% steam at atmospheric pressure for 24 hours at
925°F (496°C), 975°F (524°C) and 1000°F (538°C) to form three catalysts having

alpha values of 51, 32 and 15, respectively.



accordance with this invention reduces the unwanted nethanol deconposition
to synthesis gas, in particular when water is co-fed into the reactor. As

used in  Kgub@uismet he term "MIPX" refers to a 4X silicgcs lyafeed
H ZSM 5/ Si Og’ nol ecul ar sieve. In addition, Figure 13 shomsﬁlsg'gw"

sel ectivation of the nolecular sieve with phosphorus while co-feeding water
i nhibits the unwant ed net hanol deconposition to synthesis gas when used
wi t h ot her hydrogenation conponents. For exanple, a nolecul ar sieve

catalyst in Eggg,rﬁﬁam;q]_y\% pt/aR®4 i mtations of this invention having
pl ati num as the hydrogenati on conponent and (gnho}?/ horus as the selectivating

conmponent hal048} educedlmmingagidruddiec 00 Ys i4k "synkindidal was loadedn wat er
is co-feed int e.r tor. Exanple 16.. Catal yst [.00511 Sili.ca-bound

e z5w 5 (0. aviih GBS el ielpes® imaflilet Sl Eadime, a8
cylindrical)niRg $8l66dd ¥Rlaeenpat P36 (1 @Yyaid@iaamat forG Mhurd in GirBatwt . %
DowTM 550 silicone in decane, stripping the decane, and calcining at 1000F .
(538C). Thi s6@°Bd34ATER was repeated two nore tines. The 3X WD 200 5 /068 4 6
6 PCT/ US2004/1137785 -17 selectivated material was then steamed in 100%
steam at atnospheric pressure for 12 hours at 925F (496C). [0052) Magnesium

nitrate hexapygnaierd 3cfhndic Peusionol ved in 13.23 g of deionized water
and added to 45 g of the steaned catal yst. After m xing, the catalyst was

dried overni 89kt 250Eaah2itClata Herin areat whtainwalsutibgn davnfiovedixed-befiul | ai r
at 1000F (538C) for t% h&)ﬁgr f5 vol /vol /mn). L[1.8053] A&Poni gm phosphate (2.08
g) was di ssofepEar i With3 s TGlawinen; SREHt Ra CORUHARS: s PBIRFY TS %22 ¢ of
t he catal yst USmrdEteod P L i & 121 C)
for 2 hours. T%g cate:f:yss?tb %zﬂe%% 2}3 %iﬁggﬁc}wﬁ?a)?ﬁ?/}gaﬂoﬁgg? h é%og%Fr %iQC) for
3 hours (3 vel08@utemmeihanglotBaplugho tiedmat hi3anolde ratipd MAESV (0 3076 hbased s

di ssolved in 9.49 of, . dei oni zed ter ,Ialnd sl.owy 3dded to 30 of the
catal yst abo%® gsle*fﬁgorgglpg}%, se fase catalyst. The catalyst load was a nuxture of 0.4 -

0.8 g of 0.1% Pt /Al,O; of Example 18 and 2 g for the respective steamed catalyst
of Example 17.
[0060} Catalyst N has a catalyst load of 0.8g of the extrudate of Example
18 and 2 g of the steamed catalyst of Example 17 having an alpha value of 51.
[0061) Catalyst O has a catalyst load of 0.8g the extrudate of Example 18
and 2 g of the steamed catalyst of Example 17 having an alpha value of 32.
[0862] Catalyst P has a catalyst load of 0.4g the extrudate of Example
18and 2 g of the steamed catalyst of Example 17 having an alpha value of 15.
[6063) For the 1:3 molar feed mixture, the maximum toluene conversion
{ expected from reaction with methanol would be about 33%. Methanol utilization
is reported as (moles of xylene formed — moles of benzene formed) / (moles of
methanol converted). Benzene is subtracted to account for any xylene formed by
the disproportionation of toluene to xylene plus benzene.
[0064] As shown in Figures 15-17, each of Catalyst N, O and P indicate
good stability. Catalyst O appears to mamtain the highest para-xylene selectivity
of 85% with toluene conversion at 7%. Catalyst P exiubits the highest toluene
conversion at 14% with good para-xylene selectivity of 73%. This Example
indicates that the hydrogenation function does not have to be located directly on
the molecular sieve to be effective in accordance with this invention, as long as

the hydrogenation function is in proximity to the molecular sieve. As shown in



m xed well and then dried at 250F (121C) for 4 hours. The catal yst was then
calcined in full air at 660F (349C) for 3 hours (3 vol/vol/mn). 10055) The

resul tingywgbakmwediphad a conposition of 0.1 wt.% Rh, 0. 7ecwus¥usAvirsand 1.5
wt.% P, and an al pha value of 51, prior to incorporation of the

hydr ogenati on conponent. 100561 Fi gure-1%- shows the catal yst tested at
different pressure, with and wthout co-feeding water. The catalyst is
stabl e and selective. Exanple 17. Steaned, 3X Silica-Sel ectivated

H ZSM 5/ Si 2 4100%hplS! HeChydrousndribh ABMISahObedimpre@fiaidd SnicAdR)anfxshoudat e
(65/35 ZSM5/Si @2, 1/16" cylindrical) was selectivated wth silica by

i mpr egnat i ngSWHPPR that igcovmingleswith-thsartye malesdar SIeV§s@sivst- st ri ppi ng t he
decane, and calcining at 1000F. This procedure was repeated two nore tines.
The 3X selectivated naterial was then steaned in 100% st eam at at nospheric

pressure for E24mphurc ®1%I9RFX SAREGSelectivhfed( F2AGM prgniQA0ESNIS38C) to form
t-hree catal ysts having al pha values of 51, 32 and 15, respectively. WO

2005/ 068406 PSIPC6DNst0RY 785 - 18- Exanpl e 18. 0.1% Pt/ A1203 (00581 Al uni na

i piont weltlesG | mpr S ol HFRSVER Sl SRRl (0P0 ¥ ol | ove
by drying atsZ%0F (/181Qyliaatcanedsnidaded atith3 hawrs Pnbaiinciplent GRkest 349C) .
Exanpl e 19. Catalytic Eval uations 10059] Catalytic data herein were obtained
us: ng a dﬁmﬁnmgﬁﬁtmegvﬂﬁedzmnoeaunqﬂmWImhbggeng ol Eﬁ%ﬁ%@%"&émﬁim@(ﬁ;ﬁggdi‘(ti ;)ns,
unl ess otherw se noted:. Tenperature = Pressure = 15 psi 5 kPa),
H2/ hydr ocar b’@% W%maﬁ%lgﬁ@cﬁ ééaSp(a}e%hﬁaph%Pbpﬂ@rr&nfwaéﬁétm ¥agt 1:3

The cat al yot TFgaacaiaidl il RE 8 inf P y i L PR R SR "l o
18 and 2 g fpyrddche, seRpant thy desirRamRicAahmk)H$t1000°F (538°C). This procedure

was repeated two more times. The 3X selectivated material was then Joaded with

0.1 wt.% Rh by incipient wetness impregnation with thodium chloride hydrate,

drying at 250°F (121°C), and calcining for 3 hours in air at 660°F (349°C). The

resulting catalyst had a composition of 0.1 wi.% Rh and 1 wt.% P and an alpha

value of 1, prior to incorporation of the hydrogenation component.

[0066] Referring now to Figure 18, catalytic data shows that Catalyst Q

maintains high para-selectivity and excellent catalyst stability.



of Exanple 17. 100601 Catal yst N has a catal yst |oad of 0.8g of the
extrudate of Exanple 18 and 2 g of the steaned catal yst of Exanple 17
havi ng an al pha value of 51. 100611 Catalyst 0 has a catal yst | oad of 0.Sg
the extrudate of Exanple 18 and 2 g of the steaned catal yst of Exanple 17
havi ng an al pha val ue of 32. 100621 Catal yst P has a catal yst |oad of O0.4g
the extrudate of Exanple | Sand 2 g-¥df-the steaned catal yst of Exanple 17
havi ng an al pha value of 15. [0063] For the 1:3 nolar feed m xture, the
maxi mum t ol uene conversi on expected fromreaction with methanol would be
about 33% Methanol utilization i tted as (nmoles of xylene formed -
nol es of benzene fornmed) / (noles o net hanol converted). Benzene is
subtracted to account for any xylene formed by the disproportionation of

tol uene to xylene plus_benzene. 100641 sho in Figures 15-17, each of
Catal yst IN, OAariHO%SF nfft c 4pTEning; o g ‘f“&ﬁéps’i ﬂ’?‘fa%aallsgsgmﬁ"a&bpé%’?%o”f‘ mai nt ai n

t he hi ghest p%&ﬁpﬂﬁﬁ%@@mﬁﬁé &l ixllé%rlhb{ng QberB SV AMMat foell QUoHRRInGORY QFchiA8 at 7%
Catal yst P exhibits the highest toluene conversion at 14% w th good
par a- xyl ene sebmpeund; selectsl frgntheTionp Erapying of jtplyerca berzeppanaphthalenc,

hydr ogenati on i es. haog. eal e | irectl

nol ecul ar si e\e}g{w%ta%%m%lgr?cec%;{“?vntélxp"%gsa(t:hggerogalﬁctglg\?m‘sr? %n?%]iog a|t r?étg%ﬁ glr’](l,i]e?as | ong
as the hydr oghphition ReabtiGic tdrditions to profiic@xd prodyct tonthihihgneldgewd-alkylaicdve. As
shown in WD 2005/ 068406 PCT/ US2004/037785, -19 thjis ex le. the

hydr ogenat i on aFS13SC CORPOBR, iSpiratihat SMpHIRe %ﬁd%latﬁﬁé'ggg%ﬁﬁ’&g?q“what is

co-m ngl ed w J ;S . I : 19N, 3X
11 ca el ect st o bpst Pre ek Rlion P B ol L ERIP el 61 1 ca

bound H ZSM 5 Rh430:ahd Snixidrey thexeofudherein( $06d S00la®iar 6¢8i B2seletfigged by
cylindrical) was % P by Jncipient wetness .inpregnation

y tIoialtdeﬂ]withlwt. I mpLe
wi th anmoni um’GABEBhaY'E, apRAsphPIY comp "(diZ"l aglE R fombeindy @ £4§°8 hours in
air at 1000F 538&ind IME nlRASRNPEST, CAIAL Mhbleltd a€XdakdAd @FWAS following
conditions is satisfied:
a. said selectivated molecular sieve has an alpha value of less than about 50
prior to incorporation of said at least one hydrogenation metal, or

b. said selectivated and hydrogenated molecular sieve has an alpha value of

less than about 50.

2. The process recited in claim 1, wherein said molecular sieve is selectivated by

treatment with a phosphorus compound and a silicon compound.

3. The process recited in claim 2, wherein said silicon compound comprises

silicones and silicone polymers.

4. The process recited in claim 3, wherein said treatment with said silicones and

silicone polymers comprises multiple treatments with said silicones and silicone

polymers.

5. The process recited in claim 1, wherein said silicon compound comprises

stlicones and silicone polymers,



then selectivated with silica by inpregnating with 7.8 wt.% DOMM 550
silicone in decane, stripping the decane, and cal cining at 1000F (538C).
This procedure was repeated two nore tinmes. The 3X selectivated nateri al
was then |oaded with 0.1 wt.% Rh by incipient wetness inpregnation with
rhodi um chl oride hydrate, drying at 250F (121C), and calcining for 3 hours
in air at 660F (349C). The resultinglcatalyst had a conposition of 0.1 w.%
Rh and | wt.% P and an al pha value of 1, prior to incorporation of the

hydr ogenati on conponent. [00661 Referring now to Figure 18, catalytic data
shows thgt Ca BlN{-aliRs, Qi I as : lLemt

cat al yst a'st ab?F‘% ¥§$ces? r(gETPE!(%L%%I\I/%§n ?’. g’%“g?’o%é% gjc?g{rchﬁ‘/g’?% Sﬁgpgﬁé(gﬁkééﬁ (?vel y

par a- al kyl at esiliamermiyers comprised nowtiple itsamuentsewith iszid sdivon¢skandasiliaege agent
with a feed conprising an aromatic conpound sel ected fromthe group

consi sting of P¢ ®ne, benzene, naphthal ene, al kyl naphthal ene and mi xtures
thereof in the presence of a catalyst under alkylation reaction conditions
to produce a Er oduct containing said para-al kylated aromatic conpound, said
cat al yst 7conpfhe prgess aselegitad; inatleitn H wiswen HcA#Mr5 molesylar gisye &t 2| east one
hydr ogenati on ) lected fromthe group consisting of Rh, Pt and

m Xt ures ther%é(@?ea%uzlrﬁez:éﬁﬁtgai d nol ecul ar sieve is selectivated by treatnent
wi th a phosphorus conpound, a nmagnesi um conpound, a silicon conpound and

m xtures thereof, and wherejn at |east one of the followng conditions is
Satisf i o: a. THaPEPCES| SETd B Samhg| Bbgety i é%ltﬁaguweﬁlﬁh%wsw of Iess
than about 507zgsRfb Qlord Qedlfte UrPRMI2bMRA Rth SR, Fihdr&RShid BEichWHRIERAL | On
metal, or b. said selectivated and hydrogenated nol ecul ar sieve has an al pha
val ue of | essonvihrded Wisdicali®0. 2. The process recited in claim1, wherein
said nol ecul ar sieve is selectivated by treatnent with a phosphorus
conpound and a silicon conpound. 3. The process recited in claim2, wherein

sai d silbcon ThREPAILBE OGN inSESim 8, wherein said ZSM-5 core zeolite crystal has a

silica to alumina ratio of from about 70:1 to 75:1 Si:Als.

10.  The process recited in claim 8, wherein said binder comprises from about 25 wt.%

to about 45 wt.% based upon the weight of said zeolite-bound-zeolite.

11.  The process recited in claim 8, wherein said zeolite-bound-zeolite has a silica to

alumina ratio of greater than 900:1 Si:Al,.

12. The process recited in claim 7, wherein said H-ZSM-5 molecular sieve is
selectivated by treatment with a phosphorus compound and a magnesium

compound.

13. The process recited in claim 1, wherein said reaction conditions comprise a
temperature range from about 300° C to about 700° C, a pressure range from
about 1 to 1000 psig, and a weight hourly space velocity of between about 0.1 and
about 200 h™".

14, The process recited in claim 13, wherein said process is conducted at a weight

hourly space velocity in the range of between 1 and 20 b’



silicones and silicone polyners. 4. The process recited in claim3, wherein
said treatnent with said silicones and silicone polyners conprises nultiple
treatments with said silicones and silicone polynmers. 5. The process
recited in claim1, wherein said silicon conpound conprises silicones and
silicone polyners. -21- 6. The process recited in claim5, wherein said
treatment with said silicones and si132cone pol yners conprises nultiple
treatments with said silicones and silicone polynmers. 7. The process as
recited in claim1, wherein said HZSM5 nol ecular sieve is a

zeol i te- houndrgedlhlels BeitelNfr RIALGHESS M&@Qicﬁr?@a?‘dnr L@ chnditbRY Ghrihesal d

zeol i t e- bound-zeol rte conprises a ZS core zeolite crystal bound with
silica, wheretompracsiadydrogen toihydexcarben ratiomé@rlted to silicalite. 9. The
process recited in claim8, wherein said ZSM5 core zeolite crystal has a
silicato alumna ratio of fromabout 70:1 to 75:1 Si:Al 2. 10. The process

recited i1g, cl ThepBcessheviel h Saint 1 D) iwHEesin SAIRatS@ScondRivha Rether PmpMse %0 1O
about 45 wt. % based upon the weight of said zeolite-bound-zeolite. 11. The

process recit adfifion ofhyidragen atyheartslpresayrg of #deast PHound- zeolite has a silica
to alumna ratio of greater than 900:1 Si:Al2. 12. The process recited in
claim7, wherein said HZSM5 nol ecul ar sieve is selectivated by treatnent
wi th a phdsphihe preespoecitdd dndelammignesieteim sadnfpedi okthet comphBepmazess
recited in claim 1, wherein sai.d.reacti.on conditions conprise a tenperature
range from ab3tiEresode “@l?rom'&ﬁé’ﬁga) %ﬂdr%eﬁlﬂﬁg%‘ﬁé”art%mﬂgg} ?ab‘ﬁ?mgl%&t 1to

1000 psi g, angdygpMaland sHQ Y tiRPasst HahO fdell Ys RhwaSl eI bRUbo 1b. and .
about 200 h-1. 14. The proceSs réecited in claim 13, wherein said process is

conducted at a wei ght

18.  The process recited in claim 1, wherein said selectively para-alkylated aromatic

compound comprises para-xylene.

19.  The process recited in claim 18, wherein said process comprises methylation of

toluene or benzene.
20.  The process of claim 18, wherein the para-xylene selectivity is greater than 60%.
21.  The process of claim 18, wherein the para-xylene selectivity is greater than 80%.
22.  The process of claim 18, wherein the para-xylene selectivity is greater than 90%.

23, The process recited in claim 1, wherein at least one of the following conditions is
satisfied:
a. said selectivated molecular sieve has an alpha value of less than 25 prior
to incorporation of said at least one hydrogenation metal, or
b. said selectivated and hydrogenated molecular sieve has an alpha value of
less than 25.

24.  The process recited in claim 1, wherein at least one of the following conditions is

satisfied:



hourly space velocity in the range of between | and 20 hl1l. -22- 15. The
process recited in claim 13, wherein said reaction conditions further
conprises a hydrogen to hydrocarbon ratio of 2:1. 16. The process recited in
claim 13, wherein said reaction conditions further conprise addition of
hydrogen at a partial pressure of at |least 5 psi. 17. The process recited in
claim 16, wherein said feed further cé?’rprises wat er wherein the nolar ratio
of (a) said hydrogen and said water to (b) said aromatic conpound and said
al kyl ating agent in the feed is between about 0.01 to about 10. 18. The
process recited inggljaleedvattRbRENaS G BR84S YuelsiT1Bssahky | @bRsk ar omat i ¢
conpound conpri ses para-xylene. 19. The process recited in claim 18, wherein
sai d process conpr itgéworperdtiphaf said adfast peg hydnegeotiasanetelner 20. The process
of claim 18, erein th rar XVl e sel | Vi L e 60%  21.
The process O:M?cl ais?ﬁdlsggcﬁaé%?rﬁl 'H%g"gﬁﬁ?‘g‘fx}“y" eézﬁpér S%Y%fé%?%ﬂ {I{/’Ml]g‘ﬂ%% gf;t er than
80% 22. The procdsstigin 1© ai m 18, wherein the para-xylene selectivity is
greater than 90% 23. The process recited in claim1l, wherein at |east one
of the followng conditions is satisfied: a. said selectivated nol ecul ar

si eve hasyan afphgovak Yecith i:ne@ﬁirﬂ hagheriP i@ alpHaOvdIEE OF R AelLfivapdy Sai d at
| east one hydrogenation netal, or b. said selectivated and hydrogenat ed

mol ecul ar si evsolbadarasicwd phaedumbdieifofiecedsays tyhan 125t ofd of THeampnpcesls recited
in claiml, whe{ei.ntE{a;];1 Igeas one of ihe follow ng ¢ nditi?ns 1s satisfied:
223- a. said SSICERYASTh MRS ctitieapnd iR SXFHANSg %ﬂ“ﬁﬁ’é\"‘%‘éﬂ YeS'6¥¢ "85 t han 10
prior to incorfagemtion of said at | east one hydrogenation netal, or b. said
sel ectivated and hydrogenated nol ecul ar sieve has an al pha value of |ess

t han 10.

26.  The process recited in claim 1, wherein said silicon compound comprises

silicones and silicone polymers.

27.  The process recited in claim 26, wherein said treatment with said silicones and

silicone polymers comprises multiple treatments with said silicones and silicone

polymers.

28.  The process recited in claim 1, wherein said incorporation of said at least one
hydrogenation metal is by at least one of impregnation, ion exchange, physical

intimate admixing and a combination thereof.

29.  The process recited in claim 1, wherein said at least one hydrogenation metal

comprises Pt.

30. The process recited in claim 1, wherein said at least one hydrogenation metal

comprises Rh.

31.  The process recited in claim 1, wherein said catalyst further comprises a binder

material.



25. The process recited in claim1, wherein said al pha value of said

sel ectivated nolecular sieve is reduced, if necessary, by at |east one of
steam ng said selectivated nol ecul ar sieve and ion exchanging said

nol ecul ar sieve with cations. 26. The process recited in claiml1l, wherein
said silicon conpound conprises silicones and silicone polyners. 27. The
process recited in claim26, wherein s3d treatment with said silicones and
silicone polynmers conprises multiple treatnments with said silicones and
silicone polymers. 28. The process recited in claim1l, wherein said

i ncor por ata,on i : Q0 I st one
of inpregﬁgfioﬁ@eﬁgﬁggg%ﬁgﬁgg%dgﬁgéiggﬁéﬁ%ﬁgﬁﬂ% g“ﬂ%ﬁ%%}ﬁ%néﬁgggtkgﬁbination
t hereof. 29. Thee pr @fessanetkaiol,ed dimethlykiler,1, mébtbylehloridai d methylbastidgne

hydr ogenat i on t C rises Pt. 30. The process recited. i | aj.m 1,
wherein said a{ﬁ?rp%h%l{:argg@at%%qt@dg}y ’i‘B‘ﬁ‘e'rl?ﬁi‘%ﬂthanﬁ’oar‘?ﬁtf’fl%éggg’rwg}@%‘%‘ﬁe process
recited in claiml1, wherein said catal yst further conprises a binder
material. -24- 32. The process recited in claim1, wherein said alkylating
agent conpPi sedhatprpesss tecitad infelaimt hawhdreindiaide alkylaing egent e tihspradhiremi de,
nethylbronide,Syg%gggg%lcarbonate, acet al dehyde, di met hoxyet hane, acetone,
and di net hyl sul'fidé. 3. The process recited in claiml1l, wherein said

al kylating agent is forned from synthesis gas.



