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The invention relates generally to the al kyl ati on of

aromati ¢ conmpounds and catal ysts used for such

reactions and their preparation. DESCRI PTI ON OF THE

PRI OR ART: Before 1940 virtually all of the aromatic

sol vents, including xylene,- were produced from coal .

Thereafter production of xylene from petrol eum

started. Most m xed xylene is currently produced by
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di sproportionation (TDP) Is a catalytic reaction of
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terephthalic acid. Terephthalic acid is used in tu
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alkylation. Toluene disproportionation (TDP) is a catalytic reaction of toluene to produce
xylenes and benzene. Toluene methylation (TM) is a catalytic reaction of toluene with

methanol to produce xylenes as shown below:
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TOLUENE O-XYLENE M-XYLENE

All of these processes generally produce a mixture of isomers. The xylene isomers,
meta-xylene (m-xylene), ortho-xylene (o-xylene) and para-xylene (p-xylene), are important
chemical intermediates. o-Xylene is oxidized to make phthalic anhydride which is used to

make phthalate plasticizers among other things. m-Xylene is oxidized to make isophthalic



terepht hal ate (PET) and pol ybutyl ene terephthal ate
(PBT). PET is one of the |argest volune polyners in
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manuf acture p-xylene is purified fromm xed xyl enes by
crystallization and adsorption processes.
Ther modynani ¢ equi li brium conpositions of o-, m, and
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Zeolites are crystalline solids made up of aluminum-substituted SiOj, tetrahedral units
joined together to form different ring and cage structures into a crystalline framework.. The
physical structure of zeolite is very porous with a large internal and external surface area.
The substitution of aluminum generates a charge imbalance which must be countered by a
supplementary counterion, such as a proton.

- Zeolites can be shape-selective catalysts due to steric and electronic effects. Selective
reactions can occur over zeolites as certain products, reactants or transition states are kept
from forming within the pores either by transition state~selectivity or because of size or shape

of molecular diameter. By varying the preparation of zeolite catalysts, they can be modified to

carry out very specific syntheses of desired products.



sel ective nethylation of toluene to p-xylene. The
P-nodified zeolite catalyst may contain active and
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oxi des such as alum na as a binder. There is no
di scl osure of nodification or treatnment of the binder
and no disclosure of the effect of nodification or
treatment of the binder on selectivity to para-xyl ene.
O her prior art discloses the nodification or
treatnment of binder material for zeolite catalysts
used in other processes. U S. Patent no. 5,907,073
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de-cationi zed water to prepare a slurry, further
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catalysts used in other processes.

U.S. Patent no. 5,907,073 discloses a process for alkylation of an aromgFic with a
molecular sieve catalyst of a modified zeolite beta having an intergrowth of a ZSM-12
crystalline framework. During synthesis, NH,-Beta and LaNH,-Beta were mulled with nitric
acid treated alumina, extruded and calcined which converted the NH4-Beta and LaNHy-Beta
into H-Beta catalyst and LaH-Beta catalyst, respectively. The finished catalyst was used in

ethylation of benzene to form ethylbenzene. There is no disclosure that modification or

treatment of the binder had an effect on selectivity.



| ayer of palladium platinumor rhodiumon a |ayer of

a zeolite hydrocarbon adsorbent on a nonolithic
waamsnr@se. During synthesis, Pd-inpregnated aPCmismo06/049178

powder, Pd-inpregnated cerium oxi de powder, nitric

acid acidified alum na sol and water were introduced

into a magnetic ball mll to crush the mxture so as

to obtain a slurry. The nitric acid acidified alum na

sol was obtained by adding 10 weight %nitric acid to

10 weight % bemte alumna. There is no disclosure

that nodification or treat ment of the aI um' na had an
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magnetic ball mill to crush the mixture so as to obtain a slurry. The nitric acid acidified
alumina sol was obtained by adding 10 weight % nitric acid to 10 weight % bemite alumina.
There is no disclosure that modification or treatment of the alumina had an effect on
selectivity,

U.S. Patent no. 6,399,530 discloses a hydrocracking catalyst having a binder of a
small pore alumina which is peptized with nitric acid and has a specific surface area of 240-
280 m? /g and a pore volume of 0.4-0.5 ml/g. There is no disclosure that modification or
treatment of the alumina binder had an effect on selectivity.

U.S. Patent no. 6,566,293 discloses an olefin-selective catalyst for production of light

olefins which is a phosphorus-modified zeolite having a binder. The alumina binder is



process for al kylation of aromatics, such as

nmet hyl ati on of toluene to xylenes, by contacting the
whownd7eedl i te catal yst with an aromati ¢ conpoReUs2v06/049178

an al kyl ati ng agent under reaction conditions suitable

for aromatic al kyl ati on. BRI EF DESCRI PTI ON OF THE

DRAW NGS A nore conpl ete appreciation of the invention

and many of the associated and resultant advantages

thereof will be readily understood by reference to the

foll ow ng detail ed description when considered in

connection with the acconpanying drawi ngs in which
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stream for the toluene nethylation reaction for
catal ysts M of Exanple 13 and catal yst N of Exanple
14. DETAI LED DESCRI PTI ON OF THE | | ON Tol uene
met hyl ation is kReWAMERE % e or
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pelpyndez %p@tgkygt IS@ﬁ@PlﬁFltSﬁat%i VB PefRFRAARUS compound to form a
equi libriumm xture of ortho (0)-, nmeta (m- and para
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The catpl-yxyd:eanl%madg/ bigeombining aaMhospiorastre2gd rmplel%wnh an inorganic oxide
respectively, at a reaction tenperature of about 500
binder M@terialiothi¢tohascbeennetatgd aithon mineralyadcid o formy arzealiteabigder mixture
range of tenperatures, however. A high purity grade
and hedi@+He Feoky-bindert mixiesd baldrepdraturd bs abantd4d0°Chot digher to form a
terephthalic acid process. Thus, an increased

bound £V RhiaBfst. ONTRE bféuii&'pfhﬁ@pf@t@i—rrﬁﬂlﬂdd Bsdlidnchdalyst can be used in a
desi rabl e. However, production cost for such a
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separated from m xed xyl enes By cycle of adsorption

the bouf GebRRMEEIFR Wi a ot U mpRind GRAaheflk yTRMYg hidi® Yinder reaction

conditions suitable for aromatic alkylation.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete appreciation of the invention and many of the associated and resultant
advantages thereof will be readily understood by reference to the following detailed description
when considered in connection with the accompanying drawings in which like numerals in
different figures represent the same structu.res or elements wherein:
FIGURE 1 is a plot of p-xylene selectivity as a function of time on stream for the

toluene methylation reaction for catalysts B of Example 2 and catalyst F of Example 6;



> because of its low isonmeric concentration in the
equi libriumm xture. If the concentration of p-xylene

WO g00miogdees t han equilibrium the high purity gramres2006/049178
p- Xyl ene can be nore easily attained. An anount of
p- xyl ene significantly higher than equilibriumcan be
obtained if the catal yst contains shape sel ective
properties. Such shape sel ective properties can be
incorporated in zeolite catal yst by nodifying the
zeolite. ) Zeolite is a crystalline hydrated
alum nosilicate that may al so contain other netals,
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catal ysts and their preparation are described in U S
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by reference. In the present invention, the ZSM5
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because of its low isomeric concentration in the equilibrium mixture. If the concentration of
p-xylene is higher than equilibrium, the high purity grade p-xylene can be more easily
attained. An amount of p-xylene significantly higher than equilibrium can be obtained if the
catalyst contains shape selective properties. Such shape selective properties can be
incorporated in zeolite catalyst by modifying the zeolite.

Zeolite is a crystalline hydrated aluminosilicate that may also contain other metals, such
as sodium, calcium, barium, and potassium, and that has ion exchange properties (Encarta®
World English Dictionary [North American Edition] © & (P) 2001 Microsoft Corporation).

Examples of zeolites are ZSM-5, ZSM-11, ZSM-5/ZSM-11 intermediate, ZSM-12, ZSM-21,



> conmpounds has been shown to provide shape sel ective

properties to the catalyst, yielding significantly
w@e@avaosanmount s of p-xyl ene than the ther nodyPerig2006/049178

equi | i brium val ue when used in toluene nethyl ation

conpared to unnodified catal ysts. Such nodification

has been shown to provide selectivity for p-xylenes of

greater than 80% The ZSM5 may be nodified by

treating wth phosphorus-containing conpounds )

i ncluding, but are not limted to, phosphonic,

phosphi nous, phosphorus and phosphoric acids, salts

zsmaf‘”ﬁg.@éé ,risﬁlf UitﬁMaﬁ dsADG, PRAEMOONURTDA! ZE8Se 1], eolite Beta

osp ori ¢ aC|d (H3PO) "and armmoni um

“dMOB%gg%%r}d?ggn 10 N Ein(hdbl) | HPO4) may be used as the

horas ni ng conpound to provide a catal yst

t %rsa? %ézﬁ‘gletf} ﬁgﬁagt Lgtrri 81[1]%!%\{"1% Ecleo%gagﬁ %ft Lﬁlk e%éclt%%p&\ﬁoo gll;ﬁéngi%nal pore
structurg i | C IR RVATT e 20 BB ST B gﬁ %er;@oqugeen ring pore

nor e partlcularlyfr mabout 002 o ab .0 9 g @
structurgp afejQTEEN CAARERES 45 P8 ﬁ?lpmﬂra@?wf» S lieremoe s tpregtion “ZSM-
zeolite to about 0.12 zeolite, and still nore
5-type” jameiapt toarefgr tPrtbﬂﬁf‘a%S’BUEes @aggreglswtgu%r&ilwtﬂ@e ane pp Ge M-S zeolites.
0.1 19 P/lg zeolite. After phosphorus treatment, the
Additigriaflyp Hbe uexpressaonsd “ZEM-PT earhah Z&M&'B@G Mgy also be used herein
phosphorus-nodi fied ZSM5 nmay be nade by formng a
interchaigaably toEncord®Sids ont wnethercandi shoulsimpt g cansteungdsingolimitingrsense.
of a phosphorus conpound and renoving water fromthe
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Modification of ZSM-5-type zeolite catalysts with phosphorus-containing
compounds has been shown to provide shape selective properties to the catalyst, yielding
significantly greater amounts of p-xylene than the. thermodynamic equilibrium value when
used in toluene methylation compared to unmodified catalysts. Such modification has been
shown to provide selectivity for p-xylenes of greater than 80%.

The ZSM-5 may be modified by treating with phosphorus-containing compounds
including, but are not limited to, phosphonic, phosphinous, phosphorus and phosphoric acids,
salts and esters of such acids and phosphorous halides. In particular, phosphoric acid
(H3P04) and ammonium hydrogen phosphate ((NH4):HPO4) may be used as the phosphorus-

containing compound to provide a catalyst for toluene methylation with shape selective



solution as described in U S Patent no. 6,943,131
i ssued Septenber 13, 2005, which is herein

w0 pmonposat ed by reference. The phosphor us- nodpET/882006/049178
ZSM5 may have particular 3 1P MAS NVR peaks
indicating the present of free phosphate, phosphate
bonded to extra-franmework al um num or particular
phosphat e species as described in U S.S.N 11/136, 877
(STC-04-0023) filed May 25, 2005, which is herein
i ncorporated by reference. Zeolites other than ZSM5
which are useful in the present invention are nmedi um
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. zeolite-binder m xture which forns a bound zeolite

dried. catalyst as described in U S.S. N 11/195, 970
(SIG05-0001) filed August 3, 2005, which is herein
i e Dhesrhasds- Wdrf“&del%!?ﬂc% maw&etm%dedne@mng ATRYEY Qfrp ZSM-5-type
t he phosphorus-nodified zeolite is conbined with a

zeolite pigh@aragugees selutigmiofe phespheas qomepaied aud removingeraigr from the
acid or a solution of a mneral acid. The binder

slurry terefiosmni alphiosphardemddifiedy 9M-Soxdadide. neller phbsphosuremodified catalyst
al um na, clay, alum num phosphate and silica-al um na.

preparedl mspdastribed am Publibhett &5.S.oPatahtuipplcaiionc RAYSARA39688 1 (BTC-03-0006)
conmbinations is particularly useful. Wen used in

published Qeedbee 23| RYOR whith i€ Heesin dhdorporatedetsie rafetenye, ik im0 stedmed and
bound phosphorus-nodi fied zeolite catalyst which has

has a pdt@Qoluie o R6:RA2 el Gdess. material treated with a

m neral acid, such as hydrochloric acid, nitric acid,

phde pbﬁ’éépﬁoﬁﬁhﬂo&rﬁeau oM 5C g Be BRAGET By dissolving alumina in a
phosphorus-containing acid solution and treating the zeolite with the dissolved alumina
solution as described in U.S. Patent no. 6,943,131 issued September 13, 2005, which is herein
incorporated by reference.

The phosphorus-modified ZSM-5 may have particular 3P MAS NMR peaks
indicating the present of free phosphate, phosphate bonded to extra-framework aluminum, or
particular phosphate species as described in U.S.S.N. 11/136,877 (STC-04-0023) filed May
25, 2005, which is herein incorporated by reference.

Zeolites other than ZSM-5 which are useful in the present invention are medium pore

zeolites that have 10 and/or 12 member ring channels system, such as ZSM-4 (Zeolite Omega),

ZSM-11, ZSM-12, ZSM-22, ZSM-23, Zeolite Beta, Mordenite, MCM-22 and combinations and



conmbi ning the binder material with the

phosphorus-nodi fied zeolite will provide increased
waelgotrdss ty to p-xylene. In addition, a PCT/US2006/049178

phosphorus-nodi fied zeolite catal yst bound with an

i norgani c binder material which has been treated with

a mneral acid wll produce toluene nethylation

product with relatively | ower C9+ content. Al so, a

phosphorus-nodi fied zeolite catal yst bound with an

i norgani c binder material which has been treated with

a mneral acid vviII be rmre resistant to catal yst
: th LitF ONQARS, ] eqpt hNEhd iAC
e R AR RS Hh G SR RO s

combinaﬂo%%gd iR LB q{e%r&g@fﬁ i tngpmaaﬁnmen%hd to form

I nor gani ¢ mat erial and

wh h
6i aﬁiﬁ'vﬂgfrﬂs?%%%fﬁé Sl saa'm?Et L %, A G igher after
mat eri.a eral. acid,

Ph°sph?}?f835‘ﬂ8’i’?l§ othe? Sambiea VAT R ind i dde F e o form o

) nd wat er to fo paste whi ch can
Ze""te’@‘?g?ﬁd‘é‘&“trﬁ ‘f"ﬁt?ﬂh g"‘?ﬁaﬁe °‘t‘}ﬂ FPOLE priabysy §6rd°S‘FHBed in US.S.N.
a st _precursor is caIC|ned to form.a bound zealit
11719553 By 05005 Flkihansist Be S0P 2UTCSerih PHFPOTGRDY roference.
particularly at a tenperature between 5000C and 7000C.
s&% thenrgssn ¢nveationdthe phpsphgrgmmogdifjedyenlifsois combringghwigh a binder
to formthe bound catalyst. The bound catal yst nay
materiak yhicli has besn apajed wWith goninsealtacbos gi sedketiorn of eomisieral acid. The
wei ght of bound catal yst, nore particularly from about
binder pomsnial ilsbudes S8 grnial ein@g/ matedhlsivesugint asofaliypinad clay, aluminum
catal yst. The bound P-nodified zeolite catal yst may be
phosphate ladd yilghedurethaatin pattzuper abinder of al8OA@Coelay ontreir combinations
before using the catalyst in any reaction. The
is particslazhnasefiican be carried out insitu or ex-situ of the
reactor. The use of catalyst steamng at mld
t avipar aisdd e i BoMaser alRgiiibn, espdeeNni nelubhds. mpykition, a bound
application Serial No. 11/122,919 (STC 04-0021), filed
phosphdfay-nfodifiédeeol RO tAthl hidnda9 hhe tHBhorda8 R BYRAEr Mhterial treated with

Phosphorus-Mdi fied Zeolite Catal ysts," which is

a miner3B48d Nukh&e %Qwﬁh%cmﬁl&,%ﬁfc%% phosphoric acid or sulfuric acid, before
combining the binde; material with the phosphorus-modified zeolite will provide increased
selectivity to p-xylene. In addition, a phosphorus-modified zeolite catalyst bound with an
inorganic binder material which has been treated with a mineral acid will produce toluene
methylation product with relatively lower C9+ content. Also, a phosphorus-modified zeolite
catalyst bound with an inorganic binder material which has been treated with a mineral acid
will be more resistant to catalyst attrition as measured by crush strength.

The inorganic binder material is treated with a mineral acid by adding a sufficient

amount of the mineral acid to form a mixture between the inorganic binder material and the

liquid mineral acid in which there is no excess liquid. '



The bound P-nodi fied ZSM5 catal yst may be contacted

Wi th an appropriate feed of an aromati c hydrocarbon
wapea7amosd kyl ati ng agent under al kyl ati on r eacP¢DIS2006/049178

conditions to carry out aromatic al kyl ation. The

catal yst has particular application for use in tol uene

nmet hyl ation utilizing a toluene/ nethanol feed. A gas

cofeed nay al so be used. The cofeed gas nmay i ncl ude

hydrogen or an inert gas. As used herein, the

expression "al kylation feed" is neant to enconpass the

aromati ¢ conpound and the al kyl ati ng agent. As used

harer Forhih@ B Rhikbit Yetwot thel Rk dé’di\uf Sﬁﬁet %té@aﬁrﬂndt e mineral
enconpass the feed of toluene an t hanol

acid, th@ﬁﬁdsbh?ﬂjstrﬂoﬁ@%d %Qél‘ﬁgqs #ARed HRS Ble M hrenmﬁ \Qﬁte'r i 4d¥Rd to form a

formof steam rrayaso be 1 ntroduced Into the reactor
paste w@tﬁggc%inageg Hagtghdgl ncgfnt h%a?%:%%hgﬁ s??réc%?s%r Egi% &@5]9& prEcursor is

calcmedI @ rf% on.{nl%lhzg ! aqgstt &ggr% cPe{eh%r 0 8§ {ogrgéjuf‘ 5I‘H%her more

—r ?toad%gépoef%a eSO Ly B o
d

o o 15 1 S 1 oA S oo

49 The use of water cofeed is described in U
to ab°”‘F9§% ainggs by tofal wedght; frbougd %@ﬁ@smemmguwlymabsm 10% to
’ugﬁ publ i shed March 31, 2005, and entitled

about 50‘%&’ bynpiehyright efbedcatalyst. and in U S. S. N.
11/ 127,357 (STC-04-0016) filed May 12, 2005, as a
cbhe ibaurd iPomoflifiedzgeplitmeatalyst ey bermilglycstearted aba gemperature of
Met hyl ati on Process with I ncreased Methano

300°C ogdowen bafpreyusingothe icatal ysivini aily eeaetidrer €he sieamingocanalbeechriipd out in-
reference. The reactor pressure for toluene

situ or exwithydfabe oracwr. Tichese affcatahyst steaiinyg atmild terapera@ires, is Mebcribed in
typically ranges from about 10 to about 1000 psig. -

co-pendiRgediSo pateanpgplRhtior ScidlyNy.al iy 120919 (YPCOA-0021) g8 May 5, 2005,
from about 400 to about 700C. Upon introduction of

entitled fEbdirotheAndlnFréaeaeiiobl PHRphauaM6Edifibe dZEANPeCAbNAR,” which is
may be adjusted to a selected reaction tenperature to

herein ,rﬁt,ﬁﬁﬁgteabg@gﬂef@geconver& on. The tenperature may be
i ncreased gradually at a rate of from about

The bound P-modified ZSM-5 catalyst may be contacted with an appropriate feed of
an aromatic hydrocarbon and an alkylating agent under alkylation reaction conditions to carry
out aromatic alkylation. The catalyst has particular application for use in toluene methylation
utilizing a toluene/methanol feed. A gas cofeed may also be used. The cofeed gas may
include hydrogen or an inert gas. As used herein, the expression “alkylation feed” is meant to
encompass the aromatic compound and the alkylating agent. As used herein, the expression
“methylation feed” is meant to encompass the feed of toluene and methanol.

In addition to any cofeed gas, water that may be in the form of steam, may also be

introduced into the reactor as cofeed along with the alkylation feed. The water or steam used
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|G mn to about 10C/ mn to provide the desired final
reactor tenperature. As used in the exanples, reactor
W eooper@sire refers to the tenperature as neasPCEUSHEDG/049178

the inlet of catalyst bed of the reactor. The catal yst

of the clainmed invention nmay be used in a process for
toluene nethylation with a startup procedure in which

t he tol uene/ nethanol feed is introduced into the

reactor at a relatively high liquid hourly space

velocity (LHSV) wth a cofeed of hydrogen for one-half

to about 20 hours before running the reactor at a

for the BétBYiaich Yreh@H maf'DE BErdd@ssd WiBH ol Wi i
10/ 6%5, 254 (STC 03?%04)rfi led August '%éiciigglf%ﬁﬂi‘gh‘“e“ gas as

cofeed {Bv&hrlﬁé %l@é&t%ofe_@@ ER R e tof &&fﬂ%@%ﬁs&a}{; EP of @5 %lgplgff?% Teaction, or

e carried out in a variety o reac .
it may B Sit& ¢ .CAr ..aro e alkylation
¢ may B BRI KPR 08, S AEETRL) Gl §H18 A8 e s

d . . Suj table f carrvi ut th
w varRPREBrBPLE LA B 6B PRt o The s o
o Lhe pr t strea terin tgf?é nd and
weter oFRE1S SRR O Baghl AR Rlipe Mo SRAERII AL sTC03-
senies. e P-ppdified ZSM5 zeglite catal yst, as . )
0008)), opég)éﬂsﬁ%%g\qﬁré’ﬁegﬁ, b‘ﬁ]disg r RRAda r Talsne Methylptiosr Pipsess,” and in
' e hyl ation for preparing a xylene product
us.sN 13 ST S oPhaned Raeid st & TRHRAEWAHPT-$t-part application
. p,ﬁpVi des increased selectivity for p-xylene when used
entitled " Tofusng dHethyiatiop| Broress  with Ingapased WVathanelnBeleetivityysboth of which
may provi de greater than 85% 90% or 95% par a- xyl ene
are hereypingeIROF3tey bixmeiarensed i n tol uene net hyl ati on.
Additionally, in certain instances, greater than 95%
ofhe seastorxgreesvee fazltelvens imejhylatiorber athbki ecedhtic alkylation may vary,
Additionally, the bound P/ZSM 5 catal yst descri bed
but typi¢adlyeranges fionpabbwitd® tetabedy 1000 phigs tRemctdrveinpe@dtes may vary, but
~ selectivity for toluene nethylation over the sane
typicallypenige deornfabbiin@80 tndlssut FPPPOP MIEdrei nt@AGEHSH of fsRdiihicOthe reactor,
as unbound P/ ZSM 5 catal ysts and bound P/ZSM5 in
the catalylst bbd temperature may be adjusted to a selected reaction ternperature to effect a
desired conversion. The temperature may be increased gradually at a rate of from about
1°C/min to about 10°C/min to provide the desired final reactor temperature. As used in the
examples, reactor temperature refers to the temperature as measured at the inlet of catalyst
bed of the reactor.

The catalyst of the claimed invention may be used in a process for toluene
methylation with a startup procedure in which the toluene/methanol feed is introduced into
the reactor at a relatively high liquid hourly space velocity (LHSV) with a cofeed of hydrogen
for one-half to about 20 hours before running the reactor at a relatively lower LHSV as

described in U.S.S.N. 10/632,254 (STC-03-0004) filed August 1, 2003, which is herein

incorporated by reference.
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t he i norgani c binder material has not been treated
wWth a mneral acid. Processes useful for the present

WO pwentdoss ot her than tol uene mnet hyl ati on woul BCT/IIs81006@49178
aromati c al kyl ati on and transal kyl ati on, toluene
di sproportionati on, nmethanol to gasoline (MG
processes and n-paraffin (C and higher) cyclization.
The invention having been generally described, the
foll owi ng exanpl es are given as particul ar enbodi nents
of the invention and to denonstrate the practice and
advantages thereof. It is understood that the exanples

aTRe gda¢86n yay &y ctfied lobtint 4 ﬂiﬂieﬂﬂ ofAifaER RAttotd theNaeEommonly
tolimt the specification or the clains to followin

used fordiry IR aromAfe AIRY1aAvA RcBIRTBRAe SLINMIPIB i¥actdis in series and/or
illustrate and not"to Ilimt the invention.As used

parallel Qx%rs%itgblfe?ta#@a{ﬁ)}iia% gﬁﬂh@%&%a&@@k&ﬁiﬁﬁp MRS %ﬁd;oE foline may be

noles o e to ne converte respect to the

added t%kﬁﬁocﬂfct E%&rfﬁn%ﬁ%%%hﬁ? g%%%aﬁ aRﬁ sgﬁ%gﬂgrﬂ @Xctgﬁewlre(nﬁsiqg multiple

oW ng ol'uene nversion =
Ti] x 100 (1) where, Ti is the nunber of noles of
Iemnom}%%%gﬁé fed and TO is the nunber of noles tol uene

eagted.. . herei.n, sel ectivi f.or. m xed )
RErERiroD 2886 o SBlE aesiBh obt ckerbog, thapn, has partcular
. Selectivity = [ Xt /(T -TO)] x 100 (2 ere, Xtx js
applicatBffef b o’ ST wthalati don Brgaaring, 4 g1 PRghdinkiem f feed of
t he product,. As used herein, selectjvity for p-xylene .
toluene gnd, mgthagel,r The sefalyst PRyIdes,iperagaed fglegtividy. for pylene when used in
(Xp/ Xt ) x 100 (3) where, Xp is the nunber of noles of

toluene ieliplatin. JAsPArSEandhe cAalyb FearRsPYide rEreaten tin fSgo.t9% or 95%
expressed as: Mdle % Methanol Conversion = [(M - MVM

para-xylpne sejgui vity)whvensed in|tolusne methylatier. AditisngHy.gh certain instances,
met hanol fed and MD is the nunber of noles nethanol

greater than 95% of total xylene selectivity may be achieved.

Additionally, the bound P/ZSM-5 catalyst described herein will provide steady
catalyst activity and selectivity for toluene methylation over the same periods of times under
appropriate reaction conditions as unbound P/ZSM-5 catalysts and bound P/ZSM-5 in which
the inorganic binder material has not been treated with a mineral acid.

Processes useful for the present invention other than toluene methylation would include
aromatic alkylation and transalkylation, toluene disproportionation, methanol to gasoline
(MTG) processes and n-paraffin (Cg and higher) cyclization.

The invention having been generally described, the following examples are given as
particular embodiments of the invention and to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way of illustration and are not

intended to limit the specification or the claims to follow in any manner. The following

exgmples serve only to illustrate and not to limit the invention.
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unreacted. As used herein, nethanol selectivity for

tol uene nethyl ati on nay be expressed as: Ml e%
wokohanoBs Sel ectivity = [ X, x/ (M -M)] x 100 (5pCTHI82006/049178

X is the nunber of noles of mxed (o-, m or p-)

xyl enes, Mis the nunber of noles of nethanol fed and

M) is the nunber of noles of unreacted nethanol.

EXAMPLE 1 ( COVPARATI VE) Catal yst A Synthesis of

Catalyst A A binder free P-nodified ZSM5 (P/ ZSM 5)

was made. The starting zeolite powder was an NH4- ZSM 5

powder having Si CVAl 20 nole ratio 280.Slurry

CARtALA IHRLiM I Slylc %nNW’r cm;b xphRbdd & ﬁ{éd%9%lé§ ofthe toluene

water was prepared in a 2-L beakér. The beaker was

convertdd mdggﬂec@ tB%el%éﬁ &ngﬂﬁ § R0kdd Bard bl doi n‘é@sb the following
stirred Using a nechanical (overhead) stirrer th

g50 300 rpm The tenperature of the slurry was sI ow y

rai sed to about 80-85 0OC at which tinme phosphoric acid

IR e SN SBAREIPTIED e o
were, b SR AL .2, 5 e ST s ouen

[, 1iquid was ed, The phosphoric-acid
unreactegly A5 4SgH hEtsh SEECNE gmrevﬁéawmrfe%n@asm@apreawdoaﬁen in
air at the follown enperature program 900C to
1200C f orM P*ﬁqéM'H%?@le”&tsw&rd}ééﬁ’ééﬂoﬂb’ﬁ 196 ee 2
ours and at 5200C to 5300C under air for 13 hours.
where, Xr:hé the remkerefzagles ©f myixed (dem- OF BIRedENgAdN iezwdduasi ng
20 and 40 nesh screens for catalytic reaction or
sfeveadl hareipusghegyityrdonpsyleaenmdydpe ¢xipnetisedjas:it with a
sui tabl e binder. The P/ZSM5 was anal yzed for Si, Al
and P by MRe%ptXddne SeldctiGty BEX,/Xi) fat@0 ar ea and 3)
total pore volune by N adsorption. As shown in Table
where, X, is tiieenuMizZSMdf aleodf p-aylant ai ned 36. 42 wt % Si, 0. 27
wt% Al and 9.38 wft% P, and it had BET surface area of
As used hbrtinMghaioll conteasion iy beodxpiessed ad). 12 m / g.

formula

Mole % Methanol Conversion = [(M; ~ M,)/M;] x 100 C))
where, M; is the number. of moles of methanol fed and M, is the number of moles methanol
unreacted.

As used herein, methanol selectivity for toluene methylation may be expressed as:
Mole% Methanol Selectivity = [Xi/(Mi;-Mo)] x 100 &)

where, X is the number of moles of mixed (o-, m- or p-) xylenes, M; is the number of moles

of methanol fed and M, is the number of moles of unreacted methanol.

EXAMPLE 1 (COMPARATIVE)

Catalyst A
Synthesis of Catalyst A. A binder free P-modified ZSM-5 (P/ZSM-5) was made.

The starting zeolite powder was an NH4-ZSM-5 powder having SiO»/Al,03 mole ratio 280.
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The X-ray diffraction pattern for the P/ZSM5 was

recorded on a Phillips (X Pert nodel) diffractometer
we@r@r/ozoseange of 5-55 at a scan rate 2 per m nRECEUSR06IGHI1TS

CuKal radiation and results were given in Table 2.

TABLE 1 El emental Analysis, w% N2 Adsorption Si Al P

SA, n2/g PV, m/g 36.42 0.27 9.38 154 0. 12TABLE 2

Powder XRD Intensity* d-spacing [A] Intensity

d-spacing [A] Intensity 11.11 100 5.56 7 10.02 57 4.01

10 9.73 17 3.93 13 8.04 1 13.85516.69d 3.74 19

6.54 9 3.71 29 6.34 1 1 3.64 10 5.97 16 2.52 25 5.70 S

Slurry c3n@fhife %@bg@f NG SZS0Y e G1ite aﬁa@og%i Of RLfk waafaf spared in a 2-L

units so th nost i ntense peak is 100. Catal yst

beaker. UPRE HeQker! \%éjgfh%eﬁ"%;nh%fl fo dﬂﬁe da%?lcfh' Oz‘?eoh?ehgluﬁg\\%vgé ggléred using a

was carri ed cont 1 nuous

mecham gl:hea% gt o de I2§Ba (@gp%a 6Eiih§btg1meéﬂ? ?ﬁ& Csiuznl'eybwas slowly

raised to ab?b%t '88-%3) od &34 v%l% tlmcgﬁﬁés%ﬁgn%gxdd\;ése&dex slowly. A weighted 205.2

g of phosphoric acid (Aldrich, 85 wt% in aqueous) was added into the beaker. The slurry
temperature was further increased to between 95-100°C and heating was continued until all
liquid was evaporated. The phosphoric-acid modified zeolite was calcined in a convection
oven in air at the following temperature program: 90°C to 120°C for three hours, at 340°C to
360°C for three hours and at 520°C to 530°C under air for 13 hours. The calcined zeolite
was then crushed and sized using 20 and 40 mesh screens for catalytic reaction or sieved
through 80 mesh screen for binding it with a suitable binder. The P/ZSM-5 was analyzed for
Si, Al and P by XRF method, and for BET surface area and total pore volume by N,
adsorption. As shown in Table 1, the P/ZSM-5 zeolite contained 36.42 wt% Si, 0.27 wt% Al
and 9.38 wt% P, and it had BET surface area of 154 m%g and total pore volume of 0.12 ml/g.

The X-ray diffraction pattern for the P/ZSM-5 was recorded on a Phillips (X’Pert model)
diffractometer over a range of 5-55° at a scan rate 2° per minute using CuKo1 radiation and

results were given in Table 2.

TABLE 1
Elemental Analysis, wt% N, Adsorption
Si Al P SA, m%g PV, ml/g
3642 027 938 154 0.12
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slowy raising the catal yst bed tenperature (about
5C mn) to 2000C under hydrogen flow (50 cc/mn) for
w@roo7ea®ss one hour. Catal yst was then steaned BPYI/US2006/049178
i ntroduci ng water vapor (2.2 mmole/mn) with a carrier
gas of H2 (459 cc/mn) at 200 C overnight. A prem xed
tol uene and net hanol feed (nolar ratio about 4.5) was
added to the reactor at 2000C. The liquid hourly space
velocity (LHSV) (based on nethylation feed) was
mai nt ai ned at about 2 hr 1 and a cofeed H gas was fed
and mai ntained to provide H2/nethylation feed nol ar
rati o of about 7-8. In addition, water was added to
reactor as cofeed and was vaporized prior to
i ntroduction to reactor. The H2q /nethyl ati on feed
nmol ar rati o was about 0.8 and reactor pressure was
about 20 psig. The cat alﬁ/st bed inlet tenperature was
i ncreased i ncrenent aI I y %2ase tol uene conversi on.
Reactor ~StTeans W qd D TP calcurateTonver si on
and sel.ectivi ty Prndllr‘t Qt Lea ____te_“a_[la;_#;:ed
ConverdsiPeinedil sbleeswi vi t y-spesinetl8] uentarsihy| at i on
reacti on1OYer cat ajggst A ar essggown in Tabre 3. TABLE 3
Ti me on Q{%am h %7 10 52. 6% élg. 60 149.77 173.60
198.13 2 0 Catalyst Bed | PEt Tenp, Bc 452.3 487.7
495.7 53(F3 529.6 581.0 533.79%i quid Prdduct Analysis,:
W % WAt erg.gy9. 31 20;07 20.02 39576 19. 015119 66 19.94
Met hanol 6to 86 0.75_0.66 0.58 8 53 0.56 57
Di net hyl éther 0 0 § 0 0 0 0 Béhzene 0 0190 0000
Tol uene 492 72.39 71.11 693.70 69. 60 69. 09 68. 88
Et hyl benzgiae 0 0 0;0 0 O O p3gylene 2.9% 5.51 6.79
8.51 9.27 9%- 08 9. 0?6

2.52 25
5.70 8 2.98 9

R ez men 2

*Intensities shown are scaled in arbitrary units so that most intense peak is 100,

Catalyst A was used for toluene methylation reaction. The reaction was carried out in
a fixed bed, continuous flow type reactor. A catalyst charge of 5.4 ml (catalyst size: 20-40
mesh) loaded in a SS-316 tube (OD 0.5 inch, ID 0.33 inch) reactor. Catalyst was dried by
slowly raising the catalyst bed temperature (about 5°C/min) to 200°C under hydrogen flow
(50 cc/min) for at least one hour. Catalyst was then steamed by mtroducing water vapor (2.2
mmole/min) with a carrier gas of H, (459 cc/min) at 200 °C overnight. A premixed toluene
and methanol feed (molar ratio about 4.5) was added to the reactor at 200°C. The liquid
hourly space velocity (ILHSV) (based on methylation feed) was maintained at Vabout 2 hr'
and a cofeed H; gas was fed and maintained to provide H2/methylation feed molar ratio of
about 7-8. In addition, water was added to reactor as cofeed and was vaporized prior to
introduction to reactor. The sz/methylation feed molar ratio was about 0.8 and reactor

pressure was about 20 psig. The catalyst bed inlet temperature was increased incrementally to
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m Xyl ene 0.35 0.49 0.56 0.62 0.68 0.67 0.67 o-Xyl ene
0.38 0.46 0.48 0.49 0.52 0.51 0.50 Ethyltoluenes 0
WO206/00:086 0 0 O O Trinet hyl benzenes 0. 22 0. 28PO1/822006/049178
0.34 0.39 0.37 0.37 Cl1I0+ 0 OO O0OO0OO0O
Conversion/ Sel ectivity, nole% Tol uene Conversion 3.09
5.86 7.63 9.40 10.24 10.17 10.16 M xed Xyl ene
Sel ectivity 94.92 95.51 96.06 97.07 96.91 96.60 97.06
p- XyJene Sel ectivity 80.02 85.42 86.74 88.46 88.52
88.53 88.62 Methanol Selectivity 28.98 42.64 50. 22
56.90 60.12 60.15 60.52 EXAVMPLE 2 ( COVPARATI VE) s
: S hgsi - i £ .
increase, Gk ore 6 TRENTor iy eRt dialybed 3G n%;%‘:%f ighersion and
W % ' i.nder. 17, f nm.na. (pseu ohem te
solectvif % BroticR ibeiE isrd frdifled; &ofgff e%"a/\éé)';i)ﬁti"fég'ld f6r toluene
with 70.0 g of P/ZSM5 zeol it owder (80 nmesh). No
methylation reagi nﬂ‘geeroc"\‘ﬁ]i’%%ﬂ Sé?ﬁﬂi“ﬁia&e ter was sprayed to
t he al um na and zeolitearri xtfure to forman extrudabl e
paste whi ch was extrude ABL e 1/1 6-inch
~——gyi-pdri-cal—shape-extrudates. The bound catalyst was
TiegnSirgasei hi n_a_cehi®cti2éA oViHe0 n 14977 at 173 6Amxil9Ruld  221.60
CatalysttPedr Dt brs,eCbet ween 5B00C t405.530G30B0 h¥2066i Nngsibe 5337
sane tenperature profile as described for catal yst A
Liquid Profihe @atlgdisyst% B was crushed and sized using 20 and 40
Water  nesh screens fol9-3at #0PFi c 2068t . 19sieng 1hel sane.66est19.94
Methanol condj tj ons for @ffal y3t5 A @&t al y968 B wdkS3t est@gb f or 0.57

Dimethylefhg] yene met hyl at Pon andl resflts ar® surmdrized §n O
Benzene Table 4. TABLE 0 0 V] 0 0 0 0
Toluene ) 45.92 72.39 71.11 69.70 69.60 69.09 68.88
Ethyibenzene 0 0 0 0 0 0 0
p-Xylene 295 551 6.79 8.51 9.27 9.08 9.08
m-Xylene 0.35 0.49 0.56 0.62 0.68 0.67 0.67
o-Xylene 0.38 0.46 0.48 0.49 0.52 0.51 0.50
Ethyltoluenes 0 0.06 0.06 0 0 0 0
Trimethylbenzenes 022 0.28 0.32 0.34 0.39 0.37 0.37
Ci0+ 0 0 0 0 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 3.09 5.86 7.63 9.40 10.24 10.17 10.16
Mixed Xylene Selectivity 94.92 95,51 96.06 97.07 96.91 96.60 97.06
p-Xylene Selectivity 80.02 85.42 86.74 88.46 88.52 88.53 88.62
_Methanol Selectivity 28.98 42,64 50.22 56.90 60.12 60.15 60.52

EXAMPLE 2 (COMPARATIVE)

Catalyst B
Synthesis of Catalyst B. P-modified ZSM-5 (described as catalyst A earlier) was

bound with 20 wt% alumina binder. 17.5 g of alumina (pseudobohemite type, available from

Alcoa, HiQ-40 grade) was mixed with 70.0 g of P/ZSM-5 zeolite powder (80 mesh). No acid

was used with the alumina. Water was sprayed to the alumina and Zeolite mixture to form an
extrudable paste which was extruded to make 1/16-inch cylindrical shape extrudates. The
bound catalyst was calcined in a convection oven in air at a maximum temperature between

510°C to 530°C (10 h) using the same temperature profile as described for catalyst A. The
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L5

Time on Stream h 23.77 47.27 71.27 143.77 191.52

215.27 245.77 Catal yst

Bed Inlet Tenp, 0C 452.9 475.5

WA B70764086. 1 499.9 508.7 507.6 Liquid Product POEHUY®NE049178
wt % Wat er 19.59 20.57 20.62 20.79 20.52 20.68 20.74
Met hanol 0.21 0.14 0.13 0.14 0.17 0.16 0.17
Dimethylether 0 0 0 0O 0O 0O O Benzene 0 0 00 00O
Tol uene 68.72 66.49 65.78 65.26 65.64 65.33 65.19
Et hyl benzepe 0 0 0 0 O O O p-Xylene 9.23 10.67 11.32
11.70 11.56 11.70 11.73 m Xylene 0.85 0.89 0.92 0.92

0.89 0.90 0.89 o-Xylene 0.62 0.57 0.56. 0.54 0.54 0.55

e A

same o5} oS, iy AT, A

ha 49 r?igslpsc}éerg bt
4 0.55 0.55 0.57

e AbA A CRER

M Xyl ene Sel ectivity 94.06 95.48 95.73 96.02
are surigaingzEdgn GH1h, 56

p- Xyl ene Sel ectivity 86.29 87.98

88.44 88.91 88. 99 88 96 89.09 Met hanol

51.28 58.08 60.63 62.77

Selectivity

62. 74 63.22 64.07 EXAMPLE 3

cHeal@icdekO Using the
shabiiced &

]ﬁ%n and results
13. 83

Catal yst C TABLE 4
Time on Stream, h 2377 4127 7127 143.77 191.52 21527  245.77
Catalyst Bed Inlet Temp, °C 4529 4755 486.0 496.1 499.9 508.7 507.6
Liquid Product Analysis, wt%
Water ‘ 19.59 2057 20.62 20.79 20.52 20.68 20.74
Methanol 0.21 0.14 0.13 0.14 0.17 0.16 0.17
Dimethylether ) 0 0 o 0 0 0 0
Benzene 0 0 0 0 0 0 o
Toluene 68.72 6649 65.78 65.26 65.64 65.33 65.19
Ethylbenzene 0 0 0 0 1] 0 0
p-Xylene 9.23 10.67 11.32 11.70 11.56 11.70 11.73
m-Xylene 0.85 0.89 0.92 0.92 0.89 0.20 0.89
o-Xylene 0.62 0.57 0.56 0.54 0.54 0.55 0.55
Ethyltoluenes 0.16 0.13 0.12 0.11 0.11 0.10 0.10
Trimethylbenzenes 0.56 0.54 0.55 0.55 0.57 0.58 0.62
C10+ 0.07 0 0 0 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 1124 12.86 13.48 13.98 13.74 13.83 13.97
Mixed Xylene Selectivity 94.06 9548 95.73 96.02 95.81 95.80 95.56
p-Xylene Selectivity 8629 8798 88.44 88.91 88.99 88.96 89.09
Methanol Selectivity 5128 58.08 60.63 62.77 62.74 63.22 64.07
EXAMPLE 3
Catalyst C

Synthesis of Catalyst C. Precalcined P-modified ZSM-5 (described as Catalyst A
earlier) was bound with 20 wt% alumina binder.
available from Alcoa, HiQ-40 grade) was mixed with 7.8 g HNO3 (19.9 wt% in aqueous) and
then mixed with 70.1 g of P/ZSM-5 zeolite powder (80 mesh). Water was sprayed on the

zeolite-alumina mixture to form an extrudable paste which was extruded to make 1/16-inch

17
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cylindrical shape extrudates. The bound catalyst was calcined in a convection oven in air at a



.0 Synthesis of Catalyst C. Precal cined P-nodified

ZSM5 (described as Catalyst A earlier) was bound with
WQ0A%084 um na bi nder. 17.5 g of al um na PCT/US2006/049178

(pseudobohenmite type, available fromAl coa, H Q 40

grade) was mxed with 7.8 g HNO 3 (19.9 wt% i n

aqueous) and then mxed with 70.1 g of P/ZSM5 zeolite

powder (80 nesh). Water was sprayed on the

zeolite-alumna mxture to form an extrudabl e paste

whi ch was extruded to make 1/16-inch L5 cylindrica

shape extrudates. The bound catal yst was calcined in a

maximuin AEdrhRfe BatRen 516°C t@53QRKIORY R BIRR AlY @mRIMNER Drofile as
510 OC to 53C0C (10 h) using the sane tenperatﬂ?@ ‘brofile

describddl 1k chi@lyas AJeR ddpagst @ fwas dhah¥d Bnd\sng&‘ Gsing e éfﬁlh(ﬁgwsh screens

was crushed and sized using 20 and 40 nesh screen

for cata?ﬁfcadegtt | ©sirfeSthe slf@en&g REn o FOS c%aor dAt ké’cgﬁls{ & was tested for

catal yst A, “catal yst was teste o uene

|zed in Tabl e 5.
t°lue“e%gﬁé@’lré“h'%m‘sr ?éé'?*n?“a%&%%ﬁ%% 225 119. 58 143. 25
167.25 191.48 215.75 Catal yst Bed Inlet Tenp, OC 451.3
483.1 495.1 506.1 516.8 516.9 519.1 Liquid Product
Anal ysis, wt % Water 21.4BABLES8 20.76 20.85 20.98
20.85 20.99 Methanol 0.48 0.25 0.25 0.26 0.21 0.22
0-25 nrmfhulofhor 0000 0.0 0 Benzene. 0. 000000
qunéﬁ@rrav 32 662335 66429 66998 65935 656835 6519 A8 21575
Cauly§iBay InpeMagnec 0 450.30 @801 0 B9sXy| ee6.8. 6451k3. 77 51€le 86 510.1
11.15 11.67 11.68 11.80 m Xyl ene 0.71 0.69 0.65 0. 64
Liquid PRAGBAGIBE. @%66 0- Xyl ene 0.57 0.49 0.44 0.42 0.43 0. 43

Water . 42 2146 2053 20.76 20.85 20.98 20.85 20.99
Methanol 0.48 0.25 0.25 0.26 0.21 0.22 0.25
Dimethylether 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0] 0
Toluene 67.32 66.60 66.44 66.09 65.40 65.51 65.27
Ethylbenzene 0 0 0 0 0 0 0
p-Xylene 8.64 10.77 10.86 1115 11.67 11.68 11.80
m-Xylene 0.71 0.69 0.65 0.64 0.68 0.68 0.66
o-Xylene 0.57 0.49 0.44 0.42 0.43 0.43 0.42
Ethyltoluenes 0.19 0.14 0.12 0.11 0.11 0.10 0.10
Trlmethylbenzenes 0.55 0.54 0.49 0.49 0.52 0.51 0.50
Cl10+ 0.08 0 0 0] 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 10.78 12.51 12.57 12.87 13.11 13.33 13.38
Mixed Xylene Selectivity 9347 9544 95.90 96.04 96.08 96.11 96.22
p-Xylene Selectivity 87.14 90.14  90.89 91.34 91.32 91.27 91.58
Methanol Selectivity 52.19  59.57 59.89 61.44 62.04 62.67 63.97
EXAMPLE 4

Catalyst D
Synthesis of Catalyst D. Precalcined P-modified ZSM-5 (described as Catalyst A

earlier) was bound with 20 wt% alumina binder. 17.5 g of alumina (pseudobohemite type,
available from Alcoa, HiQ-40 grade) was mixed with 7.8 g HNO; (40.0 wt% in aqueous) and

thén mixed with 70.1 g of P/ZSM-5 zeolite powder (80 mesh). Water was sprayed to the
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Et hyl t oJuenes 0.19 0.14 0.12 0.11 o.u 0.10 0.10
Tri met hyl benzenes 0.55 0.54 0.49 0.49 0.52 0.51 0.50
W@1®¥0%088 0 O 0 O O O Conversion/ Sel ectivity, PODUSHN6/049178
Tol uene Conversion 10.78 12.51 12.57 12.87 13.11 13.33
13.38 M xed Xyl ene Selectivity 93.47 95.44 95.90 96. 04
96. 08 96. 11 96.22 p-Xylene Selectivity 87.14 90. 14
90.89 91.34 91.32 91.27 91.58 Methanol Selectivity
52.19 59.57 59.89 61.44 62.04 62.67 63.97 EXAVPLE 4
Catal yst D Synthesis of Catalyst D. Precal ci ned
P-nodified ZSM5 (described as Catalyst A earlier) was
. : 0 . . , ‘
zeolite 4(?91%% dl‘é‘fggﬂr Q Wi & %bfé‘ag%gé hich %9 eQ&uﬁ%{HAfﬁﬂke 1/16-inch

pseu emte type, aval rom Al'coa,
ovind g 5k SRS blnd U il 5 app e s
om0 5 g8 ST PSS e e o s
st TS S AP E5b 2 ren

convection oven in air at a. maximumtenperature
for catalypie, testn g’i‘@‘g SBMS Igstorenditens) for cpiadyst He aaiptyst D was tested for
tenperature profile as described for catalyst A The
toluene pgthylaion and fgsulis are sepmarigedin Eable8i ng 20 and 40 mesh
screens for catalytic test. Using the sanme test
conditions for catalyst A catalyst D was tested for
tol uene nethyl ation andyegpté are summarized in
Table 6. TABLE 6 Tine on ream h 22.88 53.63 77.63
143.63 168.05 215.88 245.63 Catal yst Bed Inlet Tenp, .
Titeod Stkeath, 182. 5 50480 5368 2 HF2. 115333 5 188055 21588 24563

Catalyst Bed Inlet Temp, °C 4514 4825 504.0 515.2 532.1 5315 5305

Liquid Product Analysis, wt%

Water 20.87 19,11 20.10 20.63 20.15 20.44 20.24
Methanol 0.25 0.31 0.28 0.30 0.29 0.29 0.31
Dimethylether 0 0 0 0 0 0 0
Benzene 0] ) 0 0 0 0 0
Toluene 69.46 69.22 67.81 67.48 67.40 67.29 67.47
Ethylbenzene 0 0 .0 0 0 0 0
p-Xylene 8.31 10.16 10.63 10.47 11.04 10.85 10.86
m-Xylene 0.37 0.42 0.42 0.42 043 0.43 0.43
o-Xylene 0.29 Q.31 0.30 0.28 0.28 0.28 0.28
Ethyltoluenes 0.15 0.12 0.10 0.08 0.07 0.08 0.07
Trimethylbenzenes 0.30 0.35 0.35 0.33 0.34 0.34 0.34
Cl10+ 0 0 0 0 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 9.17 11.08 11.64 11.41 11.72 11.63 11.63
Mixed Xylene Selectivity 95.89 96.52 96.77 26.95 97.14 97.03 97.09
p-Xylene Selectivity 92.63 93.27 93.66 93.76 93.95 03.88 93.89
Methanol Selectivity 45.11 5524 5750 57.28 59.15 58.50 59.18
EXAMPLE 5
Catalyst E

Synthesis of Catalyst E. Precalcined P-modified ZSM-5 (described as Catalyst A
earlier) was bound with 20 wt% alumina binder. 17.5 g of alumina (pseudobohemite type,

available from Alcoa, HiQ-40 grade) was mixed with 7.8 g HNO;3 (49.6 wt% in aqueous) and

19



Li quid Product Analysis, w% Wter 20.87 19.11 20. 10
20. 63 20. 15 20.44 20.24 Methanol 0.25 0.31 0.28 0.30
wO2@9/00:080 0.31 Dinethylether 0 0 0 0 0 O O BePZENS2006/049178

O 00O O Toluene 69.46 69.22 67.81 67.48 67.40 67.29
67.47 Ethyl benzene 0 0 .0 0 O O O p-Xylene 8.31 10. 16
10.63 10.47 11.04 10.85 10.86 m Xylene 0.37 0.42 0.42
0.42 0.43 0.43 0.43 o-Xylene 0.29 0.31 0.30 0.28 0.28
0.28 0.28 Ethyltoluenes 0.15 0.12 0.10 0.08 0.07 0.08
0. 07 Tri et hyl benzenes 0.30 0.35 0.35 0.33 0.34 0.34

0.34 C10+ 0 0 0 0 O O O Copversion/ Selectivity, nole%

. ' 1
e el OB SHEDTL A B 68 L g

it Ginifh 1% Bh8 B RBDBHREINIA VoS Bl e i e
PR . . ka8, 90. 99.18 EXAMPLE 5 . |
ol Soglepl, i ot Ay o QR st
. i fi ' r). was
masimaf AL GV ARRELL L1058 B hEbg ApSr b  Srore o
describe& R3F ggg]k))/(s)thﬁ.mlth% ctaYzR}?s’t E was crushed and sized using 20 and 40 mesh screens

for catalytic test. Using the same test conditions for catalyst A, catalyst E was tested for

toluene methylation and results are summarized in Table 7.

TABLE 7

Time on Stream, h 2370 53.70 77.45 143.75 167.13 173.62 191.45
Catalyst Bed Inlet Temp, °C 448.1 481.0 502.8 503.7 523.8 530.5 530.6

Liquid Product Analysis, wt%

Water 20.73 1954 19.90 20.64 20.42 20.70 20.74
Methanol 0.24 0.29 0.27 0.28 0.29 0.30 0.30
Dimethylether o 0 0] 0 0 0 0
Benzene 0 0 0 0 0o 0 0
Toluene 69.68 69.26 67.83 67.38 67.44 67.23 67.38
Ethylbenzene 0 0 0 0 0 0 0
p-Xylene 8.38 9.84 10.92 10.65 10.80 10.72 10.56
m-Xylene 0.32 0.38 0.41 0.39 0.42 0.42 0.40
o-Xylene 0.24 0.27 0.26 0.26 0.26 0.26 0.25
Ethyltoluenes 0.16 0.12 0.10 0.10 0.08 0.07 0.07
Trimethylbenzenes 0.25 0.30 0.30 0.29 0.30 0.30 0.29
Clo+ 0 0 0 0 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 8.85 10.50 11.83 11.53 11.45 11.37 11.14
Mixed Xylene Selectivity 96.10 96.72 97.17 97.13 97.28 97.31 97.37
p-Xylene Selectivity 93.67 93.87 94.19 94.25 94.10 94.08 94,19
Methanol Selectivity 4334 52.29 58.23 58.46 58.09 57.73 57.06
, EXAMPLE 6
Catalyst F

Synthesis of Catalyst F. Precalcined P-modified ZSM-5 (described as catalyst A

earlier) was bound with 20 wt% alumina binder. 17.5 g of alumina (pseudobohemite type,
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avai l able from Al coa, H Q40 grade) was m xed with 7.8
g HNO3 (49.6 wt % in agueous) andthen m xed with 70.0 g
W@BooPHZB88 5 zeol ite powder (80 nesh). Water WaBCHPSAYEWI178

to the zeolite-alumna mxture to forman extrudabl e
paste which was extruded to make 1/16-inch cylindrical
shape extrudates. The bound catal yst was calcined in a
convection oven in air at a maxi numtenperature
bet ween 5100C to 530 OC (10 h) using the sane
tenperature profile as described for catalyst A The
catal yst E was crushed and si zed using 20 and 40 nesh
ree Usi.n

et G R Pl g L BBk gpucons nd
e RO D, S oM e 68 ST RAS L s 10 e

. 43,75 167.13 173.62 191 .45 Catal yst Bed Inlet Tenp, .
Ze"'“e"aéﬁ“ 4‘&8‘?‘%?“‘4"@1‘.0 05‘02?'83’@5@?17]6%@38“%@5. wasepfrygleq; t&d}’ng#e 1/16-inch
. ,.Product Analysis, wt% Water 20.73 19.54 19.90 20.64 _
cylindricahshepezstrpdatog. Fhe hpunrheasplyes. vwes erlcigedimy convegtion puen in airat a
0.30 0.30 Dinethylether 0 0 0 0 0 0 O Benzene 0 OO0 O
maximug gmpenitgdeivem SH°63026087. @9 D usin 7 saue ggmpHature profile as
67. 38 Ethyl benzene 0 0 0 0 0 O O p-Xylene 8.38 9.84
described forocatalgstes. Mhedatal Bt Fowasroghedhaxgl sized Big22Q ag$ 40 mkkh screens
0.39 0.42 0.42 0.40 o-Xylene 0.24 0.27 0.26 0.26 0.26
for catal@tie @esd. Gsifig ¢ tsainodest o0ditione fa2 ctalydt @\, Xatdly&SF va3 ested for
0. 07 Trimethyl benzenes 0.25 0.30 0.30 0.29 0.30 0.30
toluene i@ePlation and results are summarized in Table 8. ’

TABLE 8

Time on Stream, h 23.05 46.80 71.30 143.30 167.32 191.30 215.05
Catalyst Bed Inlet Temp, °C 4542 4756 495.0 505.7 517.5 516.4 516.1

Liquid Product Analysis, wt%

Water 20.50 2037 20.17 20.29 20.20 20.17 20.23
Methanol 041 0.48 047 0.54 0.56 0.57 0.57
Dimethylether 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0
Toluene 70.88 69.90 69.60 69.88 70.17 70.14 70.08
Ethylbenzene 0 0 0 0 0 0 0
p-Kylene 7.50 8.55 9.02 8.59 8.38 8.41 8.41
m-Xylene 0.21 0.22 0.24 0.24 0.24 0.24 0.24
o-Xylene 0.17 0.17 0.18 0.18 0.18 0.18 0.18
Ethyltoluenes 0.14 0.12 0.10 0.08 0.07 0.07 0.07
Trimethylbenzenes 0.18 0.19 0.21 0.21 0.20 0.21 0.21
Ci0+ 0 0 0 0 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 7.66 8.78 9.53 8.54 8.14 8.69 8.58
Mixed Xylene Selectivity 96.53 97.08 97.32 97.23 97.33 97.43 97.36
p-Xylene Selectivity 95.19 9560 95.53 95.32 95.23 95.19 95.16
Methanol Selectivity 4174 4833 52.36 50.76 48.74 51.77 50.73
EXAMPLE 7

Catalyst G. An NH;-ZSM-5 zeolite (SiO2/A1,03 mole ratio 280) was treated with

H3;PO, by a wet impregnation method and then heated at a maximum temperature of 550°C.
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Cl0+ 0 0 0 0 O O O Conversion/ Sel ectivity, nole%
Tol uene Conversion 8.85 10.50 11.83 11.53 11.45 11.37

wda 200147d8ked Xyl ene Sel ectivity 96.10 96. 72 97PAWUSW00d/®B19178
97.28 97.31 97.37 p-Xylene Selectivity 93.67 93.87
94.19 94.25 94.10 94.08 94. 19 Methanol Selectivity
43.34 52.29 58.23 58.46 58.09 57.73 57.06 EXAMPLE 6
Catal yst F Synthesis of Catalyst F. Precal cined
P-nodi fied ZSM5 (described as catal yst A earlier) was
bound with 20 wt % al um na binder. 17.5 g of alum na
(pseudobohem te type, avail able from Al coa, H Q 40

Analyse§ bRER) P-WR8tel126M -3 ddhite pSySertiNOsovin th PaMiEd® iald 10. The P/ZSM-5
aqueous) and then mxed with 70.1 g of P/ZSM5 zeolite

showed RAMEE" p&é&ti@?%@lhos%f%atﬂ@& AP'EMEYst @ ngse ade using the P/ZSM-5
zepl ite-alumna mxture tdo form an-extru am e pastge
zeolite %ﬁ)}%&rféa d%@g%%%@qﬁga tbgncggt‘glri)%{n %@a' &%ﬂ aﬁ?r%}aénrgg raisﬁt%glo%@?‘pfs.o g of

oun St was C

aluminaggge&gé%&%wggj g%éﬁl(ei}%orﬁ)ﬁgéé,%?@%@gr? tv%se mixed with 10.7 g
Os (EEPRFGEI adyduh o SRELrIB oY e ikRgd Bsoiggppweer G0

reens for catalytic test. Using the same test o
mesh). o VEDIRTAYSY O H%éaqe%{e‘%?mé&t mixfure e Qg angxtidablg paste which
tol uene nethylation and results are summarized in
was extriuged dogmalse\ii ko-gich; qdindrcad; shapmexfrudatens Hiae gptrgdedzenatalyst was
. 143,30 167,32 191.30 215.05 Catal yst Bed Inlet Tenp,
calcined(ps deseribedfps cafalygbAg Being thesspmegestiqongitiong in examplet, Catalyst G
Product Anal ysis, wt% Water 20.50 20.37 20.17 20.29
was testefopgolpegne metitylgtn and results are summarized in Table 11.

TABLE 9
Elemental Analysis, wi% N2 Adsorption
si Al P SA, m’lg PV, mlig
35.38 0.30 9.72 188 0.15
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Met hanol 0.41 0.48 0.47 0.54 0.56 0.57 0.57
Dimethylether 0 0 0 0O 0O 0 O Benzene 0 0 00 00O
waoloaen®s0. 88 69. 90 69.60 69.88 70.17 70. 14 7PCDBS2006/049178
Et hyl benzene 0 0 0 0 O O O p-Xylene 7.50 8.55 9.02
8.59 8.38 8.41 8.41 mXylene 0.21 0.22 0.24 0.24 0.24
0.24 0.24 o-Xylene 0.17 0.17 0.18 0.18 0.18 0.18 0.18
Et hyl t ol uenes 0.14 0.12 0.10 0.08 0.07 0.07 0.07
Tri met hyl benzenes 0.18 0.19 0.21 0.21 0.20 0.21 0.21
Cl0+ 0 0 0 0O O O O Conversion/ Sel ectivity, nole%
Tol uene Conversion 7.66 8.78 9.53 8.54 8.14 8.69 8.58
M xed Xyl ene Sel ectivity 96.53 97.08 9732 97.23 97. 33
97.43 97.36 p-Xylene Selectivity 95.19 95.60 95.53
95.32 95.23 95.19 95. 16THBILENGl Sel ectivity 41.74

48.33»52v36—5Gr¥634%r}ﬁ;5#7¥%;50r¥3—EXANPEE 7 Catal yst
G AnL_NH4-zSM 5 zEWFPERTEEIA 208 mole ratio 280)
was t rdeprriegliahi tienfi3PO4 by dapagieg(A] nprieepsat | on et hod
and thenitbeat ed atgoa maxi numisenper at w e of
55CC. Anaj yses of the P-treatggd ZSM5 zeolite powder
are sho in Tableg 9 and 10, The P/ ZSM 5 showed
sinilarmg?%pertieﬁ to those ot Cataly§¥ A. Catalyst G
was made®Wsing thd’P/ZSM5 Z8lite podtler and 20%

al um na bender whiech had beewipreparedsas foll ows:

25.0 g ofsal um na { pseudobohggite typeg, available from

Al coa, Hjs.§3Q 40 gragde) was mggsgd Wi th Jﬁp7 g

5.98 16 2.98 10
5.70 6 2.78 6
5.55 8
*Intensities shown are scaled in arbitrary units so that most intense
peak is 100.
_ TABLE 11
Time on Stream, h 2342 4708 7742 14408 17342 214.88 245.75

Catalyst Bed Inlet Temp, °C 4634 463.8 4870 501.0 511.0 511.8 509.20

Liquid Product Analysis, wt%

Water 20.82 20.88 21.64 21.13 20.87 20.79 20.70
Methanol 0.04 0.08 0.06 0.05 0.06 0.06 0.06
Dimethylether, 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0
Toluene 66.97 6720 65.19 64.61 64.51 64.68 64.60
Ethylbenzene 0 0 0 0 0 0 0
p-Xylene 1149 11.14  12.39 12.84 13.80 13.71 13.86
m-Xylene 0.24 0.24 0.27 0.29 0.30 0.30 0.31
o-Xylene 0.14 0.14 0.15 0.15 0.16 0.16 0.16
Ethyltoluenes 0.17 0.16 0.15 0.14 0.13 0.13 0.13
Trimethylbenzenes 0.14 0.15 0.16 0.16 0.17 0.17 0.18
Ci0+ 0 0 0 0 0 0 0
Conversion/Selectivity, mole%

Toluene Conversion 12.17 11.36  13.26 14.30 14.86 14.64 14.80
Mixed Xylene Selectivity 97.84 97.64 98.04 94.74 98.25 98.24 98.20
p-Xylene Selectivity 96.83 9674 96.76 96.69 96.79 96.79 96.74
Methanol Selectivity 5401 5143 59.13 62.95 66.06 65.70 65.39
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HNGB (70.0 wt % in aqueous) and then m xed with 100.0 g
of P-treated zeolite powder (80 nesh). Water was
WG prapadson the zeolite-alumna mxture to forPCHEIS2006/049178

extrudabl e paste which was extruded to make 1/16-i nch

cylindrical shape extrudates. The extruded catal yst

was cal ci ned as described for catalyst A Using the

same test conditions in exanple 1, Catal yst G was

tested for toluene nethylation and results are

summari zed in Table 11. TABLE 9TABLE 10 Powder XRD

Intensity* d-spacing [A] Intensity d-spacing [A]

Intensity It. 08 100 4.25 6 9.99 54 4.00 7 9.89 46

3.84 57 9.70 17 3.80 27 8.01 6 3.71 28 6.54 7 3.64 11

6.33 9 3.53 18 5.98 IBXAMPLES 89/0 6 2. 78 6 5.55 8

""Intensities shown re@cal e(Mi p.arbitrary units so

that nost intense pdadRYlSeeRMIUBXE 11 Tine on
Catalys@®Hagam h 23.42 47.08 77.42 144.08 173.42 214. 88

ingXhe P-modified ZSM-5 powder (described as catalyst A) two catalysts were

formed using 10% alumina and 10% Kkaolin clay as binder matrix.

Catalyst H: 8.75 g of alumina (pseudobohemite type, available from Alcoa, HiQ-40
grade) and 8.75 g of kaolin clay (Aldrich) were mixed, and were mixed with 7.8 g HNO;
(19.9 wt% in aqueous) and then mixed with 70.1 g of P/ZSM-5 zeolite powder (80 mesh).
Water was sprayed to the zeolite-alumina mixture to form an extrudable paste which was
extruded to make 1/16-inch cylindrical shape extrudates. The bound catalyst was calcined in
a convection oven in air at a maximum temperature between 510°C to 530°C (10 h) using the
same temperature profile as described for catalyst A. The catalyst H was crushed and sized
using 20 and 40 mesh screens for catalytic test. Using the same test conditions, catalyst H
was tested for toluene methylation and results are summarized in Table 12.

Catalyst I. 8.75 g of alumina (pseudobohemite type, available from Alcoa, HiQ-40
grade) and 8.75 g of kaolin clay (Aldrich) were mixed with 7.8 g HNO; (40.0 wt% in
aqueous) and then mixed with 70.1 g of P/ZSM-5 zeolite powder (80 mesh). Water was
sprayed to the zeolite-alumina mixture to form an extrudable paste which was extruded to
make 1/16-inch cylindrical shape extrudates. The bound catalyst was calcined in a
convection oven in air at a maximum temperature between 510°C to 530°C (10 h) using the
same temperature profile as described for catalyst A. The catalyst I was crushed and sized

using 20 and 40 mesh screens for catalytic test. Using the same test conditions in example 1,

catalyst I was tested for toluene methylation and results are summarized in Table 13.
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Catal yst Bed Inlet Tenp, OC 463.4 463.8 487.0 501.0
511.0 511.8 509.20 Liquid Product Analysis, w % Water
WQ@QR008276088 88 21. 64 21.13 20.87 20.79 20.70 MetP@muk2006/049178
0.04 0.08 0.06 0.05 0.06 0.06 0.06 Dinethylether. 0 O
0 00O O Benzene 0 0 0 0 0O O O Tol uene 66.97 67.20
65.19 64.61 64.51 64.68 64. 60 Ethyl benzene 0 0 0 0 0 0
0 p-Xylene 11.49 11.14 12.39 12.84 13.80 13.71 13.86
m Xyl ene 0.24 0.24 0.27 0.29 0.30 0.30 0.31 o-Xylene
0.14 0.14 0.15 0.15 0.16 0.16 0.16 Ethyltol uenes 0.17
0.16 0.15 0.14 0.13 0.13 0.13 Trinmethyl benze pes 0. 14
0.15 0.16 0.16 0.17 0.17 0.18 C10+ 0 0O O OO 0O O
Conversion/ Sel ectivity, nole% Tol uene Conversion 12.17
11.36 13.26 14.30 14.86 14.64 14.80 M xed Xyl ene
Selectivity 97.84 97.64 98.04 94.74 98.25 98.24 98. 20
p- Xyl ene Sel ectivity 96.83 96.74 96.76 96.69 96. 79
96. 79 96. 74 Met hanol Selectivity 54.01 51.43 59.13
62.95 66.06 65.70 65. 39EXAMPLES 8-9 Cl ay Used as
Matrix Catalysts H1 Usi:ng the P-nodifed ZSM5 powder
(descri bed as catalyst A) two catal ysts were

TABLE 12

_Time on Stream, h 2275 46.68 7693 14277 173.85 21548 245.53
Catalyst Bed Inlet Temp, °C 4526 47577 50602 518.1 521.5 523.8 523.9
Liguid Product Analysis, wt%
Water 1934 1926 1994 1948 19.07 18.93 18.92
Methanol 0.31 0.29 0.24 022 0.25 0.27 0.27
Dimethylether ; 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0
Toluene 7133 69.61 6730 67.38 67.64 67.68 67.62
Ethylbenzene 0 0 0 0 0 0 0
p-Xylene 8.13 9.92 1162  12.00 [2.13 12.21 12.27
m-Xylene 0.29 0.32 0.35 0.36 0.36 0.36 0.36
o-Xylene 0.23 0.22 0.21 0.21 0.21 0.21 0.22
Ethyltoluenes 0.15 0.12 0.10 0.10 0.09 0.09 0.09
Trimethylbenzenes 0.22 0.24 0.25 0.25 0.25 0.25 0.26
Cl10+ 0 0 o 0 0 0 0
Conversion/Selectivity, mole%
Toluene Conversion 8.73 10.60 12.63 12.86 12.88 12.89 12.90
Mixed Xylene Selectivity 96.51 97.18 97.66 97.75 97.78 97.80 97.79
p-Xylene Selectivity 94.04 9476 9537 9543 95.54 95.52 95.48
Methanol Selectivity 4293 51.87 6022 60.41 63.03 62.30 63.05
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formed using 10% al um na and 10% kaol in clay as bi nder
matrix. Catalyst H 8.75 g of alum na (pseudobohemte
wao ype/o7@sRi | abl e from Al coa, H Q 40 grade) andr@8I/US2006/049178
of kaolin clay (Al drich) were m xed, and were ni xed
with 7.8 g HNG3 (19.9 wt % in aqueous) and then m xed
wth 70.1 g of P/ZSM5 zeolite powder (80 nesh). Water
was sprayed to the zeolite-alumna mxture to form an
extrudabl e paste which was extruded to make 1/16-i nch
cylindrical shape extrudates. The bound catal yst was
calcined in a convection oven in air at a maxi num
tenperature between 5100KBLE 300C (10 h) using the
sanme tenperature profile as described for catal yst A

——— The catalyst Hwas crushed and sized usjing 20 and 40
TipeopiStrazm. diens _f oP9-2ht al3y0i c 7148t . 14pi9D ng 19183 Same14 €S145.40

Catalyst B@lTdlet Te@ipsoC Cataah.yst 4¢d.onassobest edzpor 53@T9ueng31 7 5312
nmet hyl ati on and results are sumarized in Table 12.
Liquid Pro@@at Avalysis, t% 8. 75 g of al um na (pseudobohenite type,
Water  avai |l abl e from2ao6oa)odd Q2000gr ads) angh.8. 751990f 1914
Methanol kol in clay (A @27 chp-3Rere0.pd xedodi th 838 g NGBS (460390
g;z‘:;:;"ctl}&'%l n aqueous) %4nd tRen mi%ed Wvgsth 70. % gdof (gP/ ﬁSI\/LgS
zeolite powder ter S sprdyed t@& the
gﬁ:;‘f;':nze;eem i te-al umi na?g rrﬁf%)t&s or m® %ﬁ ext®fabl €-3ast 8033
p-Xylene Whi ch was extruglgd tggpakegyl) 16-4 dich cy 6ndrlgt%§l ngs%g;e
m-Xylene €Xt rudat es. Tha)b;oun@bgat adogbst vies cal ghfed igiiga 0.29
o-Xylene convection overo.ion abpoat @oraxigpym t egper at g 0.19
Ethyltoluenpet ween 5100C t@i35300C: (10.fv) usi.gvg t heosaneo.os 0.06
Trimethylbengepprer at ur e pr df3ll e 884 desk24 bed.for caval ysov.2d.  Thee
Cl0+  catalyst | was & ushef and &ized tusi ng @0 ande40 nesh
screens for catalytic test. Using the sanme test

Convcrsion{S\% %{?;e%n% |;| Z;agﬁlg’%é r;at al ystt%l was t(relstzed f or
Toluene C

i Siausg. Tl epl ) T 6] e oD 75 2 93
p-Xylene Seletdvitg /7 173. 85 85159 485245. 5§2&at Q2I nl t35T n‘g)
Methanol SO&tiGE2. 6 475. 74686. 52%88. §3.621. 54@123 %2583 %alsyqui g

Product Analysis, w %

EXAMPLES 10-12
Catalyst Made by Alumina Digestion Method

Catalysts J-L

A P-modified ZSM-5 was made by following method described in US Patent

6,943,131 (Ghosh et al., 2005). 5.0 g alumina (pseudobohemite type, available from Alcoa,

HiQ-40 grade) was dissolved in 100 ml water and 67.04 g H3PO4 (85 wt% in aqueous) at

temperature 70-80 °C. The alumina solution was added to a zeolite slurry containing 250.0 g

NH4ZSM-5 (Si02/Al;03 molar ratio 280) and 500 ml water at temperature 90-100°C. The

zeolite slurry was stirred and was evaporated to dryness and the modified ZSM-5 was

calcined using the temperature profile described for catalyst A in preceding section.

described below, three catalysts were made by using the P-modified ZSM-5.
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Water 19.34 19.26 19.94 19.48 19.07 18.93 18.92
Met hanol 0.31 0.29 0.24 0.22 0.25 0.27 0.27
woreenipBet her 0 0 0 0 0 0 O Benzene 0 0 O O OrPOI/0S2006/049178
Tol uene 71.33 69.61 67.30 67.38 67.64 67.68 67.62
Et hyl benzene 0 0 0 0 O O O p-Xylene 8.13 9.92 11.62
12.00 12.13 12.21 12.27 m Xylene 0.29 0.32 0.35 0.36
0.36 0.36 0.36 o-Xylene 0.23 0.22 0.21 0.21 0.21 0.21
0.22 Ethyltoluenes 0.15 0.12 0.10 0.10 0.09 0.09 0.09
Tri met hyl benzenes 0.22 0.24 0.25 0.25 0.25 0.25 0. 26
Cl0+ 0 0 0O 0O 0 O O Conversion/ Selectivity, nole%

Tol uene Conver gxAWVPI S 10 CCOMPAROSTEVESS 12. 88 12. 89
12.90 M xed Xyl ene Select?Sity 96. 51 97?18 97.66 97.75

Suf§ 081 AR AT SSEHEEIRE A5, B 20
amins 588, 5887 60360 e e s T R0 e o
e 5 0 T 9 S 00 s i
s tunff e s 1950 A 5 o an e

paste which was extruded to make I/16-inch cylindrical shape extrudates. The bound catalyst

was calcined in a convection oven in air at a maximum temperature between 510°C to 530°C
(10 h) using the same temperature profile as described for catalyst A. The catalyst J was
crushed and sized using 20 and 40 mesh screens for catalytic test. Using the same test
conditions in example 1, Catalyst J was tested for toluene methylation and results are
summarized in Table 14.
EXAMPLE 11

Catalyst K - Precalcined P-modified ZSM-5 (described above) was bound with 20
wt% alumina binder. 16.34 g of alumina (pseudobohemite type, available from Alcoa, HiQ-
40 grade) was mixed with 7.27 g HNO; (40.0 wt% in aqueous) and then mixed with 65.4 g of
P/ZSM-5 zeolite powder (80 mesh). Water was sprayed to the zeolite-alumina mixture to
form an extrudable paste which was extruded to make 1/16-inch cylindrical shape extrudates.
The bound catalyst was calcined in a convection oven in air at a maximum temperature
between 510°C to 530°C (10 h) using the same temperature profile as described for catalyst
A. The catalyst K was crushed and sized using 20 and 40 mesh screens for catalytic test.
Using the same test conditions in example 1, catalyst K was tested for toluene methylation

and results are summarized in Table 15.
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Dimethylether 0 0 0 0 0 0O O Benzene 0 0 0 0O 0 0O

Tol uene 68.73 68.98 68.01 69. 33 69.66 69.30 70.33
weehwyhbeszene 0 0 0 0 0 0 O p- Xyl ene 9. 14 9. 97PADUIN06/049178

9.81 9.80 9.65 9.34 m Xylene 0.27 0.30 0.30 0.31 0.30

0.28 0.29 o-Xylene 0.19 0.20 0.20 0.20 0.19 0.19 0.19

Et hyl t ol uepes 0.13 0.11 0.10 0.07 0.06 0.06 0.06

Trimet hyl benzenes 0.21 0.24 0.24 0.23 0.22 0.22 0.22

Cl0+ 0 0 0 0O O O O Conversion/ Sel ectivity, nole%

Tol uene Conversion 9.72 10.58 10.56 10.06 9.82 9.67

9.30 M xed Xylene Selectivity 97.11 97.27 97.41 97.58

97.71 97.69 97. 67 p- XExextaphat gztivity 95.19 95.24

95.26 95.14 95.22 95.35 95.12 Methanol Selectivity

ABradgst 52. BA8 pofMumihaddkadmindl wih36.54 ) W % in agueous)

10- 12 Catal yst Made by Al um na Digestion th

d then Gaiked Y&lIS 1511 o hifR 8 i
- SRr A e -

sprayed tBQﬁéheoﬁtcoal&nﬁlauﬁﬁﬂﬁre( g?ﬁfhﬁ %gh lrﬁ%)s extruded to

fromAl coa, H Q40 grae |sso

make 1/V&lfRh @?@ncﬁ%apdshg %ﬁigéé \M'I‘ﬁo' Bou gi}%g’agaﬂaéﬂned in a

tenperature 70-8 e al urmi fa 9o

convection®ov@nZf Uit ha %a%rﬁﬁmc&am;)% A% %0 590°C to 530°C using the same

temperature profile as described for catalyst A. The catalyst L was crushed and sized using
20 and 40 mesh screens for catalytic test. Using the same test conditions in example 1,
catalyst L. was tested for toluene methylation and results are summarized in Table 16.

TABLE 14

Time on Stream, h 2350 4748 77.83  167.52 10152 21545 23943
Catalyst Bed Inlet Temp, °C ~ 456.2 478.0 488.5 = 489.] 4893 4803 4892

Liquid Product Analysis, wt%

Water 2006 20.10 19.97 20.07 19.82 19.94 19.74
Methanol 0.02 0 0 0 0 0 0
Dimethylether 0 0 0 0] 0 0 0
Benzene 0 0 0 0 0 0 0
Toluene 68.09 66.78 66.20 65.76 65.79 65.63 65.74
Ethylbenzene 0 0 0 0 0 0 0
p-Xylene 9.01 10.23  10.80 11.05 11.23 11.31 11.39
m-Xylene 1.23 1.47 1.59 1.63 1.63 1.63 1.63
o-Xylene 0.75 0.71 0.74 0.77 0.77 0.77 0.77
Ethyltoluenes 0.19 0.16 0.15 0.14 0.13 0.13 0.13
Trimethylbenzenes 0.59 0.55 0.56 0.58 0.59 0.59 0.60
Clo+ 0.06 0 0 0 0 0 0
Conversion/Selcctivity, mole%
Toluene Conversion 11.94 1329 1397 14.47 14.66 14.68 14.82
Mixed Xylene Selectivity 9401 9540 95.68 05.68 95.74 95.74 95.75
p-Xylene Selectivity 82.03 8244 8224 82.17 82.48 82.51 82.60
Methanol Selectivity S1.13 57.39 _60.57 6264 6336 _63.65 = 64. 04
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NHf ZSM5 (SIQ2 A ] 20 nolar ratio 280) and 500 m
wat er at tenperature 90-100 OC. The zeolite slurry was

warirnadsand was evaporated to dryness and t hep@mubioneaso178

ZSM5 was cal cined using the tenperature profile
descri bed for catalyst A in preceding section. As
descri bed bel ow, three catal ysts were nmade by using
the P-nodified ZSM 5. EXAMPLE 10 ( COVWARATI VE) Cat al yst
J - The P-nodified ZSM5 (descri bed above) was bound
with 20 wt % al umi na binder. 17.5 g of alum na
(pseudobohem te type, available from Alcoa, H Q 40
grade) was mxed with 70.1 g of P/ZSM5 zeolite powder
(80 mesh). No acid was used with the alum na. Water
was sprayed to the alum na and zeolite m xture to form
an extrudabl e paste which was extruded to nmake
I/16-inch cylindrical shape extrudates. The bound
catal yst was calcined in a convection oven in air at a
maxi mum t enper at ure between 5100C to 5300C (10 h)
using the sane tenperature profile as described for
catal yst A The cat al yst J was crushed and si zed using
20 and 40 mesh screensTAGLEal%l ytic test. Using the
sanme test conditions in exan‘pl e 1, Catalyst J was

Tirf GRS T 1O UG Ten iy Eaagg_ ool “Wiso

Catalyst%rggl Eﬁ% E - ﬁ%ffu‘éﬁdszswfé‘as(dééﬁb?l be@lébovet)lﬁ/vas
ind, with, 20 wt % al umi na binder. 16.34 g of al um na
L'qu'dpmc{z& Jof)d’ﬁemtqgga/pe val £ le from Al coa

Wat
Methano! 0T ade) was mi xefh 3¢ 40 Qt % ?913?

Dimethyleti@gUeous) and th@n m xgd Wi t g of ZSMoflzeol ite
Benzene powder (80 neshl. Water wagp spray)ed to dhe

Toluene  zeol i t e-al uni nas.zd xtamse t @s.dor me@hy extgpygabl g&ast e
Ethylbenzenghj ch was extruded toonake 01/ 16-ionch cyd i ndri gal shape
‘Xﬂene extrudates. Thé&-8oun@.st¢at al.95t waed calicizaed igsa
m-Xylene - onvect i on over‘?915n al H at ldémaxilpdm t enjfer at une

o-Xylene 0.57 0.58 0.57 0.57
Ethyltoluenes 0 18 0 18 0.15 0.15 0.15 0.14
Trimethylbenzenes 0.52 0.49 0.50 0.51 0.51 0.51
Cl10+ 0 0 0 0 0 0
Conversion/Selectivity, mole%
quuenc Conversion 1209 13.04 14.15 14.31 14.32 14.69
Mixed Xylene Selectivity 95.07 9559 96.04 96.07 96.09 96.17
p-Xylene Selectivity 86.604 86.34 86.96 87.00 87.21 87.44
. Methanol Selectivity i} 52.80  56.57 61.59 61.76 61.93 63.38
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bet ween 5100C to 530Q0C (10 h) using the sane
tenperature profile as described for catalyst A The
w@e 2008409988 K was crushed and sized using 20 andP@DUs®861049178
screens for catalytic test. Using the sanme test
conditions in exanple 1, catalyst K was tested for
tol uene nethylation and results are sunmari zed in
Tabl e 15. EXAMPLE 12 Catalyst L. 37.8 g of alum na was
mxed with 16.7 g HNO 3 (70.0 w % i n aqueous) and then
mxed with 151.1 g of the nodified ZSM5 zeolite
powder (80 nmesh). Water was sprayed to the
zeolite-alum na m xtur gARLEQG§ an extrudabl e paste
- ——-phi-ch -was—extruded . to make 1/16-inch cylindrical_shape
.. Timgon $teamt bs . The4Bdundl-Bat AR§E2 wes.86al cémesd il183 22235
Catalyst BagirTulecTempn°QVed6.n aars.cat MHaRX| | Bb8p t €GPS at | U6~ 5050
bet ween 510 0OC to 530 OC using the sane tenperature
Produgy Apidlydiewes descri bed for catal yst A The catal yst L
Water  \was crushed and987 zeW.Msi ny.120 amelsal0 mesh scroadns M)
Methanol o1 gl ytic test. OUS| ng§13he 84%re t@sitl con@izions.izn 0.12

Dimethylethg; O
Benzene }é xanpl e 1, catal vvas t%st ed Por tolQUene 0 8

Tol met hyl ati on an su ar g sunma | zed ih Tabl@ 16.
thylber gof‘g ‘J’S i hﬁ% § 3/5 48973 83 6f§? 5265.53

EthylbenzenbABLE 14 Time regm

p-Xylene 191.52 215. 45 233@ 43“@§t almqg Beplzhnl et 2°JBerm 1296 455551?8

m-Xylene 478.0 488.5 48%.3k 48838 48838 48948 Li qyd Pr@ict

o-Xylene Anal ysis, wt % \&er @23 06 @fs 10 9397 2)03307 19282 24

E‘hy‘m‘{ue"efg 94 19. 74 Met®idnol 0.-0¢ 02 @D 0 0.10 0 Diiret hyd.et her o0z

Crimethylbgze3®) 0 0 0 Be@dne ©2D 0 @20 0 0270l UG 68.0% 66. 383 -
66. 20 65.76 65. 79 65.%3 65.9%4 Eth9l benzéne 0 ®®0 0 000

ConversionQSelectivity, mole%

quuene Conversion o 2942 12.10 1341 14.08 14.06 14,32 14.62

Mixed Xylene S.el_ectlvny 96.36 97.27 97.55 97.67 97.68 97.67 97.64

p-Xylene Selectl‘w.ty © 93.84 9497 95.18 95.27 95.28 95.27 95.20

.Methanol Selectivity ' 44.34  56.00 61.54 64.33  64.82 65.73 64.99
TABLE 17

PX Selectivity Over Various P-ZSM-5 Catalysts

Catalyst Binder g HNO3/g Binder® PX Selectivity (mole%)
A No binder 88.53
B 20% Al;05 0 88.91
C 20% Al,O4 0.089 91.58
D 20% Al,Os 0.178 93.84
E 20% ALO; 0.220 94.15
F 20% AlL,O, 0.311 95.19
G 20% Al,0O3 0.311 96.76
H 10% Al,0; (+10% Kaolin) 0.089 95.16
Ib 10% Al,O; (+10% Kaolin) 0.178 95.22
J . 20% ALO, 0 82.41
Kb 20% Al O3 0.178 87.20
L 20% Al,O4 0.311 95.28

“Binder or binder plus kaolin; °PZSM-5 made by Al digestion method
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p- Xyl ene 9.01 10.23 10.80 11.05 11.23 11.31 11.39
m Xylene 1.23 1.47 1.59 1.63 1.63 1.63 1.63 o- Xyl ene
wW®2003/00088. 0.74 0.77 0.77 0.77 0.77 Ethyltol uere€rus2000049178
0.16 0.15 0.14 0.13 0.13 0.13 Trimethyl benzenes 0.59
0.55 0.56 0.58 0.59 0.59 0.60 C10+ 0.06 0 0O O OO O
Conversion/ Sel ectivity, nole% Tol uene Conversion 11.94
13.29 13.97 14.47 14.66 14.68 14.82 M xed Xyl ene
Selectivity 94.01 95.40 95.68 95.68 95.74 95.74 95.75
p- Xyl ene Sel ectivity 82.03 82.44 82.24 82.17 82.48
82.51 82.60 Methanol Selectivity 51.13 57.39 60.57 )
62.64 63.36 63. ' t ream
23,10 47. 10 77 08 Vb 107 COYBARITAIY) (B
Catalysts M-Nenp, 0C 452.1 464.8 478.8 481.0 481.6 481.6
Li duintheisoefUCatalynts MV sZeolitFMESRI-5 181GHA D3 540120166 280) powder
19.54 19.76 20.31 Methanol 0.03 0 0 0 0.01 0.01
was bDimdkMith| daingra © Bake Bvdcadalpes zame Witloud mixthglaldimlintewih nitric acid
68.23 67.50 66.03 66.37 66.16 65.44 Ethyl benzene 0 0 O
and tife Other pvidy Insixéngd aRdnidd vath #itribdicidl. BE 2dolitbs Wer8%Bot modified with

phosphorus.

Example 13 - Catalyst M: 25.0 g of alumina (pseudobohemite type, available from
Alcoa, HiQ—4d grade) was mixed with 100.1 g of the HZSM-5 zeolite powder (80 mesh).
Water was sprayed to the alumina and zeolite mixture which was extruded to make 1/16-inch
cylindrical shape extrudates.

Example 14 - Catalyst N: 20.2 g of alumina (pseudobohemite type, available from
Alcoa, HiQ-40 grade) was mixed with 8.97 g HNO; (70.0 wt% in aqueous) and then mixed
with 80.6 g of the HZSM-5 zeolite powder (80 mesh). Water was sprayed to the zeolite-
alumina mixture to form an extrudable paste which was extruded to make 1/16-inch
cylindrical shape extrudates.

Both extruded catalysts were calcined in a convection oven in air at a maximum
temperature between 510°C to 530°C (10 h) using the same temperature profile as described
for catalyst A. The catalysts were crushed and sized using 20 and 40 mesh screens for
catalytic test. Using the same test conditions in example 1, Catalysts M and N were tested for

toluene methylation and results are summarized in Tables 18 and 19, respectively.
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m Xylene 0.96 1.11 1.16 1.17 1.15 1.14 o-Xylene 0.56
0.57 0.57 0.58 0.57 0.57 Ethyltoluenes 0.18 0.18 0.15

W@203/00085 0. 14 Tri met hyl benzenes 0.52 0. 49 0.BOr/0S5H526/049178

0.51 0.51 C10+ O 0 O O O O Conversion/ Sel ectivity,

nol e% Tol uene Conversion 12.09 13.04 14.15 14.31 14.32
14. 69 M xed Xyl ene Selectivity 95.07 95.59 96. 04 96. 07

96. 09 96. 17 p-Xylene Selectivity 86.64 86.34 86.96

87.00 87.21 87.44 Methanol Selectivity 52.80 56.57

61.59 61.76 61.93 63. 38TABLE -16 Tinme on Stream h

24.85 47.53 120.12 143.85 167.53 191.53 222. 35

Catal yst Bed Inlet Tenp, OC 446.2 473.6 494.6 505.0
505. 4 505.6 505.0 Product Analysis, wt% Water J9.97
19.74 20.11 19.80 19.85 20.03 20.1 1 Methanol 0.17

0.13 0.12 0.1 1 0.12 0.12 0.12 Dinmethylether 0 0 0 0 O

O O Benzene 0 0O 0 0 0 O O Toluene 70.41 68.17 66.63
66. 36 66. 23 65.82 65.53 Ethyl benzene 0 0 0 0 000
p- Xyl ene 8.49 11.00 12.15 12.71 12.78 12.99 13.18

m Xyl ene 0.32 0.36 0.39 0.40 0.41 0.41 0.43 o- Xyl ene
0.24 0.23 0.23 0.23 0.23 0.23 0.24

TABLE -18
Time on Stream, h 23,32 4733 77.87 14328 173.88 198.08 245.57

Catalyst Bed Inlet Temp, °C 453.7 4644  463.7 474.9 472.5 473.2 472.5
Liquid Product Analysis, wt%
Water 2028 19.86 20.11 20.18 20.00 19.68 20.03
Methanol 0 0 0 0 0 0 0
Dimethylether o 0 0 o 0 0 0
Benzene 0 0.16 0.12 0.13 0.10 0.09 0.08
Toluene 66.00 66.03 65.83 65.75 66.01 66.47 66.21
Ethylbenzene 0 0 0 0 0 0 0
p-Xylene 3.07 3.23 3.34 3.42 3.56 358 3.68
m-Xylene 6.47 6.59 6.43 6.43 6.22 6.11 5.99
o-Xylene 2.68 2.74 2.71 2.72 2.64 2.61 2.56
Ethyltoluenes 0.74 0.55 0.47 0.36 0.36 0.33 0.33
Trimethylbenzenes 0.66 0.74 0.86 091 0.97 0.98 0.99
Cl10+ 0.11 0.11 0.13 0.12 0.14 0.14 0.14

Conversion/Selectivity, mole%

Toluene Conversion 13.70 14.05 14.08 14.26 13.86 13.74 13.68
Mixed Xylene Selectivity 90.02 89.53 89.36 89.87 90.07 89.67 90.18
p-Xylene Selectivity 25.13 2570 26.74 27.20 28.64 29.14 30.10
Methanol Selectivity 55.25 5646 56.88 57.81 56.57 55.94 55.88
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Et hyl t ol uenes 0.17 0.14 0.12 0.11 0.11 0.11 0.12
Tri met hyl benzenes 0.24 0.25 0.26 0.27 0.27 0.27 0.28

wWC1®#0%08 0 0 O O O Conversion/ Sel ectivity, noPERS2006/049178

Tol uene Conversion 9.42 12.10 13.41 14.08 14.06 14. 32
14.62 M xed Xyl ene Selectivity 96.36 97.27 97.55 97.67
97.68 97.67 97.64 p-Xylene Selectivity 93.84 94. 97
95.18 95.27 95.28 95.27 95.20 Methanol Selectivity
44,34 56.00 61.54 64.33 64.82 65.73 64.99 TABLE 17 PX
Selectivity Over Various P-ZSM5 Catal ysts Catal yst

Bi nder g HNG3/ g Bi nder PX Selectivity (nole? A No

bi nder 88.53 B 20% Al sta%@EQ C 20% Al 203 0. 089
91.58 D 20% Al 23 0.178 . E 20% Al 203 0. 220 _94. 15

F 20% Al 2C3 0.311 95.19 G 20% Al 203 0.31 1 96.76 H 10%

AiEBn $edQ%% Kaol i n3.29). 084s95.7163 1 143%gAl 26824 +107m3  244.55

ol e A 205 20 afDobs, da0  Aonr e WP aeo

Liquid Product Analysis, wt%

powder was bound with alumina to make two catalysts — one without mixing alumina with

nitric acid and the other with mixing alumina. The zeolites were not modified with

Water 2060 2123 21.00 21.26 2091 19.52 19.65
Methanol 0 0 0 0 0 0 0
Dimethylether 0 0 0 0 0 0 0
Benzene 0.23 0.12 0.10 0.08 0.09 0.10 0.10
Toluene 64.02 64.68 65.05 65.08 65.22 66.02 65.80
Ethylbenzene 0 0 0 0 0 0 0

. p-Xylene 3.38 3.17 3.22 341 346 3.65 3.69
m-Xylene 7.22 6.49 6.37 6.07 6.20 6.50 6.59
o-Xylene ' 3.03 2.70 2.65 2.55 2.61 2.72 2.75
Ethyltoluenes 0.71 0.76 0.73 0.58 0.50 043 0.39
Trimethylbenzenes 0.71 0.73 0.76 0.85 0.90 0.93 0.92
Cl10+ 0.11 0.11 0.11 0.12 0.12 0.13 0.11
Conversion/Selectivity, mole%
Toluene Conversion 15.36 14.25 14.05 13.29 13.40 14.31 14.01
Mixed Xylene Selectivity 88.47 88.26 88.67 88.42 89.41 89.72 90.67
p-Xylene Selectivity 24.81 25.66 26.30 28.36 28.20 28.35 28.32
Methanol Selectivity 60.32 55.75  55.58 52.29 53.87 57.24 56.56
Catalysts O-P

Synthesis of Catalysts O and P. Zeolite NH4-ZSM-5 (SiO»/Al;05 molar ratio 700)

phosphorus.

Alcoa, HiQ-40 grade) was mixed with 70.0 g of the NH4ZSM-35 zeolite powder (80 mesh).

Water was sprayed to the alumina and zeolite mixture and was extruded to make 1/16-inch

Example 15 - Catalyst O: 17.5 g of alumina (pseudobohemite type, available from

cylindrical shape extrudates.

33



"Bi nder or binder plus kaolin; bPZSM5 nade by A

di gesti on net hodEXAMPLES 13- 16 ( COVWPARATI VE) Catal ysts
worN78yshesi s of Catal ysts MN. Zeolite H ZSMEI/US2006/049178

(Si2/ A 28 nolar ratio 280) powder was bound wth

alumna to nmake two catal ysts -one w t hout m xing

alumna with nitric acid and the other with m xing

alumna with nitric acid. The zeolites were not

nodi fied with phosphorus. Exanple 13 - Catal yst M

25.0 g of alum na (pseudobohemte type, available from

Al coa, H Q40 grade) was m xed with 100.1 g of the

HZSM 5 zeolite powder ( ) ter was sprayed to

t he al um na and zeoIiteﬁ:rgnhgtslé]lriéEl ich was extruded to

A R e LR
, [ . / j. Q40 . ' .
cos RGeS A STV D eSS o SR S en i

... wWwth 80.6 of the HZSM5 zeolite powder (80 nesh). .
with Agek g0t e P TPl eoyesT (§mestn MatRT s sarayEr to the zeolite-
form an extrudabl e paste which was extruded to make )
aluming PeiXfyie htoc Jerih iy exirudable epaster mideh evas porwdesy t9 ynalge 1/16-inch
_ catalysts were calcined in a convection oven in air at
cylindgcaleshppeigAtrudansr at ur e bet ween 5100C to 5300C (10 h)
usi ng the sane tenperature profile as described for
c alBaitly extrpdedThatalysts alverst ealeiped it A ectinmdo winy B aig sit rgmaximum
20 and 40 nmesh screens for catalytic test. Using the
tempesture bteggtencDIIC o di39°Cn(ldxianpling the s@ateabypemtuve pnafill as described
were tested for toluene nethylation and results are
for camlystedi zE€hk icatallatsl @srel Sruahet hAd sizgipedig \2O yndl ABLmeshl Screens for
Time on Stream h 23.32 47.33 77.87 143.28 173. 88

catalytlOfes)8USHE.the sdmé fdsy SondPechsl ifl elampidTp, CABly458 D dnd BAwére tested for
463.7 474.9 472.5 473.2 472.5

toluene methylation and results are summarized in Tables 20 & 21 respectively.
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Li quid Product Analysis, w% Water 20.28 19.86 20.11
20.18 20.00 19.68 20.03 Methanol 0 0 0O 0O 0O 0O
woreenipBet her 0 0 0 0 0 0 O Benzene 0 0.16 0.RQI/0S286/049178
0.10 0.09 0.08 Tol uene 66.00 66.03 65.83 65.75 66.01
66.47 66.21 Ethyl benzene 0 0 0 O O O O p- Xyl ene 3. 07
3.23 3.34 3.42 3.56 3.58 3.68 m Xyl ene 6.47 6.59 6.43
6.43 6.22 6.11 5.99 o-Xylene 2.68 2.74 2.71 2.72 2.64
2.61 2.56 Ethyltoluenes 0.74 0.55 0.47 0.36 0.36 0.33
0. 33 Trinet hyl benzenes 0.66 0.74 0.86 0.91 0.97 0.98
0.99 C10+ 0.11 0.11 0.13 0.12 0.14 0.14 0.14
Conversion/ Sel ectivity, nole% Tol uene Conversion 13.70
14.05 14.08 14.26 13.86 13.74 13.68 M xed Xyl ene
Sel ectivity 90.02 89.53 89.36 89.87 90.07 89.67 90.18
p- Xyl ene Sel ectivity 25.13 25.70 26.74 27.20 28. 64
29.14 30.10 Methanol Selectivity 55.25 56.46 56. 88
57.81 56.57 55.94 55.88TABLE -19 Tinme on Stream h

23.23 47.48 71.23 142. 987AR.E3t97- 23 244.55 Catal yst
Bed lnlet Tenp, OC 449 9 4471.7 440.1 442.5 453.7 460.3

TAggorpSttepmhi d Pr 088168 ASRbY/si $19.58t Yi1vhiser 208560 247.6833 221.58

CatalydiIBdQntetIred, °20. Ohadl®. Si7018. 62839 4951 4976 4944 4944

Product Analysis, wt%

Water 21.15 20.35 21.01 20.60 19.62 20.37 20.33
Methanol 0 0 0 0 0 0 0
Dimethylether 0 0 0] 0 0 0 0
Benzene 0 0.05 0.05 0.05 0.05 0 0.05
Toluene . 66.11 65.62 65.08 64.97 65.72 64.94 65.09
Ethylbenzene ‘ 0 0 0 0 0 0 0
p-Xylene 5.62 5.80 6.15 6.51 7.06 7.43 7.47
m-Xylene 4.16 4.80 4.57 4.72 4.56 4.32 4.23
o-Xylene 1.77 2.12 2.02 2.04 1.96 1.88 1.82
Ethyltoluenes 0.32 0.11 0.08 0.07 0.07 0.07 0.07
Trimethylbenzenes 0.77 0.94 0.93 091 0.91 0.90 0.86
Cl10+ 0.10 0.11 0.10 0.09 0.09 0.08 0.07
Conversion/Selectivity, mole%
Toluene Conversion 12.62 13.78 13.85 14.28 14.47 14.56 14.42
Mixed Xylene Selectivity 91.98 91.95 92.74 93.07 93.37 93.87 93.63
p-Xylene Selectivity 48.68 45.55 48.23 49.05 52.12  "54.50 55.25
__Methanol Selectivity 51.59 56.85 57.64 59.64 60.84 61.57 60.82
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Methanol 0 0O 0O O O O O Dinmethylether 0 0 0 0 0 0 O
Benzene 0.23 0.12 0.10 0.08 0.09 0.10 0.10 Tol uene

W® 2000276048 68 65. 05 65. 08 65.22 66.02 65. 80 Et hpdhEsnese9178
O0O0O0OOOQOPp-Xylene 3.38 3.17 3.22 3.41 3.46 3.65
3.69 mXylene 7.22 6.49 6.37 6.07 6.20 6.50 6.59
0- Xyl ene 3.03 2.70 2.65 2.55 2.61 2.72 2.75
Et hyl tol uenes 0.71 0.76 0.73 0.58 0.50 0.43 0.39
Tri met hyl benzenes 0.71 0.73 0.76 0.85 0.90 0.93 0.92
Ci10+ 0.11 0.11 0.11 0.12 0.12 0.13 0.11
Conversion/ Sel ectivity, nole% Tol uene Conversi on 15. 36

14.25 14.05 13.29 13. 40 %%%El 01 M xed Xyl ene
e Selectivity 88.47 88.26 . 88.42 89.41 89.72 90.67

PmxXyd &reem3el ect i vuBy 24081 23966 26330 287038 289802 221.88
Catal 833&5n@81?e§%, et Naneh SgdseCti ¥gly 6Gpady 559%.5 94989 5007
2.29 53.87 57.24 56.56 Catalysts O P Synthesis of
prddddian¥gdSwig, and P. Zeolite NHU-ZSM5 (SiO 2/ Al 2C8
water MOl ar rati o 700) zpowdergaps fupand wo.ih alumyna fxmsmakepgs
MethanblWo cat al ysts -oneo wi t hout ni ®gi ng aloumina eMth nbptric o
Dimethgdethad and t he ot herowi t hom xi ng al umbna. The zeol Ptes ©
Benzengyer e not nodi fi ed @i t hO®hospBOPus. Bxanpl 0 15 - O 0
Toluenecat gl yst O 17.5‘§f6f gﬂnin@gﬁpseﬁ%ﬂbohéﬁfﬂe t?@@, 64.28

Ethyibe 0
p-Xylen%Rei&q lable from .3 13 625 703 735 793 745
m-Xylene , 4.84 5.43 5.01 4.73 4.41 4.59 4.19
o-Xylene 1.99 2.34 2.21 2.14 2.08 2.17 1.97
Ethyltoluenes 0.31 0.18 0.14 0.08 0.08 0.09 0.08
Trimethylbenzenes 0.81 1.03 1.03 1.04 1.09 1.17 1.07
Cl0+ 0.10 0.12 0.11 0.11 0.12 0.13 0.11
Conversion/Selectivity, mole%

Toluene Conversion 13.02 14.71 14.57 14.99 14.16 15.51 14.76
Mixed Xylene Selectivity 92.24 91.95 92.08 93.06 98.19 92.60 92.69
p-Xylene Selectivity 43,770 44,13 46.39 50.59 53.09 54.00 54.75
Methanol Selectivity 53.55 60.41 60.08 62.45 62.82 63.98 61.08

As shown in the data above, the combination of a phosphorus-modified ZSM-5 with
alumina or clay binder material which has been treated with nitric acid in a catalyst for a process
of methylation of toluene results in improved selectivity to p-xylene. The comparative
examples without binder (Example 1), without treatment of the binder with mineral acid
(Examples 2 and 10), without phosphorus modification of the zeolite (Examples 13-16) show
lower selectivity to p-xylene than a catalyst of a phosphorus-modified ZSM-5 with alumina or
clay binder material which has been treated with nitric acid (Examples 3-9, 11 and 12). Figure 1
shows the difference in p-xylene selectivity for a bound P-modified ZSM-5 without (Example 2,
Catalyst B) and with (Example 6, Catalyst F) treatment of the binder with mineral acid. Figure
2 shows the lack of effect on p-xylene selectivity for a bound ZSM-5 without phosphorus
modification and without (Example 13, Catalyst M) and with (Example 14, Catalyst N)

treatment of the binder with mineral acid.
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Al coa, Hi Q40 grade) was m xed with 70.0 g of the
NHAZSM 5 zeolite powder (80 nesh). Water was sprayed

W 2007/®088 umi na and zeolite m xture and was exeCTIUSIHOE/®19178
make 1/16-inch cylindrical shape extrudates. EXAMPLE 16
Exanple 16 - Catalyst P: 17.5 g of alum na
(pseudobohem te type, available from Alcoa, H Q 40
grade) was mxed with 7.79 g HNG3 (70.0 wt% i n
aqueous) and then mxed with 70.1 g of the NHUZSM 5
zeolite powder (80 nesh). Water was sprayed to the
zeolitealum na mxture to forman extrudabl e paste

' S t / - | ' iecal .y . .

\é‘?h& I?:nWﬂ st?e?ﬁggﬂejgsi‘i% ¥ fﬁ?ﬁtﬁat% dié%tﬁoa% ﬁ%élaéd?gti ef&a calcined 1/16-inch

ape extrud ot h extr catalysts wer

n._ov | ir a i .
extruchily 6 L8 Co R ARNR L CORRRAE Vel nRlioeBl o T R incen. Catatys
te u ofile as described for catalyst .
. caifigP pL e oflAL & BRrimifted 44608 vah Al e BtALhf tnpobinden. The
mesh screens for catalytic test. Using the sane test
aVGragE&HEPPFTS?%R?W%‘BI%bX‘? é?Ciat alysts O and P'were tested
for toluene nmethylation and results are sumrari zed in
Tables 20 & 2 1 respecti VABLEABIE -20 Tinme on Stream
h 23.58 53. 58 TI9. 5&adfst- 98 173- Myerksd Crinh Shcnpth o8/mm)
Catal yst Bed Inlet Tenp, 0C 446.9 479.10 483.9 495.1
497.6 494.4 494.4 Product Analysis, wt % @aver 21.15
20.35 21.01 20.60 19.62 20.37 20.33 Methanol 0 0 0 00
0 0 Dimethylether 0 00 0 0 0 O Benzene G-38. 05 0. 05

0.05 0.05 0 0.05 Tolugne . 66.11 65.62 6%. (1)8 64. 97
65. 72 64.94 65.09 Ethyl benzene 0 0 0 0 0°¢'0

F 3.68

As shown in the data above, the combination of a phosphorus-modified ZSM-5 with
alumina or clay binder material which has been treated with nitric acid results in improved crush
strength. The comparative example of a phosphorus-modified ZSM-5 with alumina binder
material which has not been treated with nitric acid (Catalyst B) shows lower average crush
strength than P-ZSM-5 catalysts having alumina binder material which has been treated with
nitric acid (Catalysts C, D and F). Higher crush strength indicates that such catalyst should have
less physical attrition of the catalyst and longer catalyst life in process conditions.

Obviously, numerous modifications and variations of the present invention are possible
in light of the above teachings. It is therefore to be understood that within the scope of the

appended claims, the invention may be practiced otherwise than as specifically described herein.
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WHAT I

r-xXylene 5.62 5.80 6.15 6.51 7.06 7.43 7.47 m Xyl ene

4.16 4.80 4.57 4.72 4.56 4.32 4.23 o-Xylene 1.77 2.12
WQ2®2/02088 1.96 1.88 1.82 Ethyltoluenes 0.32 0PAWUS2008049178

0.07 0.07 0.07 0.07 Trinethyl benzenes 0.77 0.94 0.93

0.91 0.91 0.90 0.86 C10+ 0.10 0.11 0.10 0.09 0.09 0.08

0. 07 Conversion/ Sel ectivity, nole% Tol uene Conversi on

12.62 13.78 13.85 14.28 14.47 14.56 14.42 M xed Xyl ene

Selectivity 91.98 91.95 92.74 93.07 93.37 93.87 93.63

p- Xyl ene Sel ectivity 48.68 45.55 48.23 49.05 52.12 "

54.50 55.25 Methanol Selectivity 51.59 56.85 57. 64

9 ; 2 23T
G RERIA ey i
tal'yst Bed Inlet Tenp, 49.°2 495.7 502.7 503.3

1.

2.

495 7.496. 7 500. 7 Produyc si.s.. W% Water 20.20

A TR Sopistari 4 el SR o GRS 10 TP 070 50 o
0 O Dinethylether 0 0 0O 0 0 0 Benzepe_ 0 0.06,0 06 0

a) irepteTd) %i%’hée S8ty %*6‘.’%%’%‘&. GHROpnG, 05 JOrRY 36@?‘8%’9“’”8‘“33‘3“
64. 28 Et hyl benzene 0 0 0 0 0 O O p-Xylene 5.31 6.13

zeglites 7 03" 7.35 7.93 7.45 m Xyl ene 4.84 5.43 5.01 4.73

4.41 4.59 4.19 . . . .
b) treating an inorganic oxide binder material with a mineral acid;

¢) combining the phosphorus-treated zeolite with the treated inorganic oxide binder
material to form a zeolite-binder mixture; and
d) heating the zeolite-binder mixture at temperature of about 400°C or higher to form

a bound zeolite catalyst.

The method of claim 1, wherein the binder material includes at least one of alumina,

clay, aluminum phosphate or silica-alumina.

3.

4.

The method of claim 1, wherein the binder material is an alumina-containing material.

The method of claim 1 wherein the binder material is present in an amount of from

about 1% to about 99% by weight of the bound zeolite catalyst.

5.

The method of claim 1, wherein the binder material contains from about 1% to 99%

by weight alumina.
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o-Xylene 1.99 2.34 2.21 2.14 2.08 2.17 1.97
Et hyl t ol uenes 0.31 0.18 0.14 0.08 0.08 0.09 0.08
wareiometdogs benzenes 0.81 1.03 1.03 1.04 1.09 1.RJT/USDF6/049178
C10+ 0.10 0.12 0.11 0.11 0.12 0.13 0.11
Conversion/ Sel ectivity, nole% Tol uene Conversion 13.02
14.71 14.57 14.99 14.16 15.51 14.76 M xed Xyl ene
Selectivity 92.24 91.95 92.08 93.06 98.19 92.60 92. 69
r-Xylene Selectivity 43.70 44.13 46.39 50.59 53.09
54.00 54.75 Methanol Selectivity 53.55 60.41 60.08
62.45 62.82 63.98 61.08 As shown in the data above,
t he conbj 0 - B ' fo .
. T Bl b Eh) i o REDRREHT FREof hSolE d e acie
nit e acid in a catalyst for a process of
phosPho“ﬁé‘FWy? ﬁb‘ﬁ' €81 o uene resuits in inproved selectivity
to p-xylene. The conparative exanpl es w thout binder
(Exanple 1), without treatnment of the binder with
m neral acjid (Exanples 2 and 10) ) vvlthout phosphor us
7. Th?da?mpeaﬁctﬂlfndf- “thﬁr@"zmmt"@ra(‘ ESigippuEC #8id1 6)  show
| oner selectivity to p-xylene than a catal yst of a
phosphorus-nodi fied ZSM5 with alumna or clay binder
material which has been treated with nitric acid
8. Themnethpt of chim 1, wherginl theeolit) epniaing 1898 vEen 1irg pores.
di fference in p-xylene selectivity for a bound
P-nodi fied ZSM5 w t hout (Exanple 2, Catal yst B) and
with (Exanple 6, Catalyst F) treatnment of the binder
9. Thei rhbthiod o chlimal; mderdf therzzoliteshaBS Miezddditk of ef f ect
on p-xylene selectivity for a bound ZSM5 w t hout
phosphorus nodification and wi thout (Exanple 13,
Catalyst M and with (Exanple 14, Catalyst N)
10.  THe @ethdandf Qdint Dewhérsiiethe \Weblite 'Bifiderahixat ds hbded £018 femperature
strength using a flat plate nethod was neasured for
offrom4§@ﬂ@td1§%u1/76@>@ nch extrudates of Catalyst B (Exanple 2
Conparative without acid treatnment of the binder),
Cat al yst

11.  The method of claim 1 further comprising adding water to the zeolite-binder mixture

and shaping the zeolite-binder mixture.

12. The method of claim 1, further comprising steaming the bound zeolite at a

temperature of 300°C or less.

13. The method of claim 1 wherein the zeolite is treated with a phosphorus compound to
form a phosphorus-treated zeolite having a phosphorus content of from 0.01 to about 0.15

gram of phosphorus per gram of zeolite.

14.  The method of claim 13 wherein the zeolite contains 10-oxygen ring pores.

39



C, Catalyst D and Catalyst F (Exanples 3, 4 and 6 with
acid treatnent of the binder). The average crush

W@ 200enpoBs i s shown in Table 22. TABLE -22 Cat aPgE1US2006/049178
Average Crush Strength (Ib/mm) _  C3.36 D 3.41 F
3.68 As shown in the data above, the conbination of a
phosphorus-nodi fied ZSM5 with alum na or clay binder
material which has been treated with nitric acid
results in inproved crush strength. The conparative
exanpl e of a phosphorus-nodified ZSM5 wth al um na
bi nder material which has not been treated with nitric
acid (Cat al yst B) shows | ower average crush strength
than P-ZSM5 catal ysts having al um na bi nder materi al

15, TS TaifoR st ol VESHEInd il R el 2 Y Suen

cat al yst shoul d have | ess physical attrition of the
catal yst and Ionger catalyst life in process
condi ti ons. usly, nunerous nodi ficati ons and
16. T'\?a‘F‘P‘é‘PFicﬂfsd@fn ﬂwhﬁreégé*m mﬁ%me&ﬁl 5 repsd dp gp @maynt of from
i ght of the above teachings. is therefore to be
about 1% lﬁ%éb‘?@ﬁ?@d by meei ghiof herbaund Zﬁ%lé)‘ﬁé‘aﬁ*ﬂysﬁ he appended
clainms, the invention nmay be practiced otherw se than
as speci fically described herein. WHAT | S CLAI MED AS
NEW AND DESI'RED TO BE SECURED BY LETTER OF PATENT OF
17. ThendtgNdreDcISiTATB SvigFeiavERbDAet Satetial pomtginydiorpfabout 1% to 99%
preparing a zeolite catalyst conprising: a) treating a
by weightzédaiirtasonliyhoathpirgsmibaratisns onpound to form a
phosphorus-treated zeolite;

18.  The method of claim 13 further comprising adding water to the zeolite-binder mixture

and shaping the zeolite-binder mixture.

19. The method of claim 13 wherein the phosphorus-treated zeolite has a phosphorus

content of from 0.07 to about 0.12 gram of phosphorus per gram of zeolite.

20. The method of claim 13 further comprising steaming the bound zeolite at a

temperature of 300°C or less.

21. The method of claim 13 wherein the zeolite-binder mixture is heated to a temperature

of from 400°C to about 700°C.
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b) treating an inorganic oxide binder material with a

m neral acid; c) conbining the phosphorus-treated
wQemliote®ssv t h the treated i norgani c oxi de bi ndeCT/US2006/049178

material to forma zeolite-binder mxture; and d)

heating the zeolite-binder mxture at tenperature of

about 4000C or higher to forma bound zeolite

catalyst. 2. The method of claim 1, wherein the binder

mat eri al includes at |east one of alumna, clay,

al um num phosphate or silica-alumna. 3. The nethod of

claim1, wherein the binder material is an

22. A%&[&Qgﬁf}gp{,%k%g?,yqat erial. 4. The method of claim1

erein the material is present in an anount of

from ab < aho % by, el .
2 23R8 deolf6 ol 8 BBl & i {ipObhorus-treatea
t he binder material contains fromabout 1%to 99% by
feght alum na. 6. The nethod of claim1, wherein the
mneral acid is hydrochl oric, aci.g, ni,trilc acid,
b) S¥egupman iroTaRTie Opfdelinges maleria Mt & miRgra #ithod of
claim1l, wherein the mneral acid is nitric acid. 8. .
©) FREDIRIG e Bosphumteategzaepliievitihan slugpipe er elgybidsg material to
10- oxygen ring pores. 9. The nethod of claiml,
forn @rzgpliterbiaderapixtues; prd 3 7SM 5 zeolite. 10. The nethod
of claim1, wherein the zeolite-binder mxture is _
dHeatieg thepzeplifehindenmirwront 3 feappesgoreef fremaglnut 499 er higher
11. The nmethod of claim 1 further conprising adding
toviane g bognd keolite ghfalyst.bi nder mi xture and shapi ng the
zeolite-binder mxture. 12. The nethod of claiml,
further conprising steam ng the bound zeolite at a
tenperature of 3000C or |ess.
23.  The zeolite catalyst of claim 22 wherein the phosphorus-treated zeolite has a

Ze,

phosphorus content of from 0.01 to about 0.15 gram of phosphorus per gram of zeolite.

24.  The zeolite catalyst of claim 22 wherein the binder material includes at least one of

alumina, clay, aluminum phosphate and silica-alumina.

25.  The zeolite catalyst of claim 22 wherein the binder material is an alumina-containing

material.

26.  The zeolite catalyst of claim 22 wherein the binder material is present in an amount of

from about 1% to about 99% by weight of the bound zeolite catalyst.

27.  The zeolite catalyst of claim 22 wherein the binder material contains from about 1%

to 99% by weight alumina.
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13. The nmethod of claim 1l wherein the zeolite is

treated with a phosphorus conpound to forma
wphb@3phostis-treat ed zeol ite having a phosphor UBCT/US10861049178

of fromO0.01 to about 0.15 gram of phosphorus per gram

of zeolite. 14. The nethod of claim 13 wherein the

zeolite contains 10-oxygen ring pores.15. The net hod

of claim 13 wherein the zeolite is a ZSM5 zeolite.

16. The nmethod of claim 13 wherein the binder nmateri al

Is present in an anmount of from about 1% to about 99%

by wei ght of the bound zeolite catalyst. 17. The

nmet hod of claim 13 wherein the binder materi al

contains fromabout 1%to 99% by wei ght al um na or

25, BN oy BRI oL 20 gt e

m xt ure and shapl ng the zeolite-binder m xture. 19.
The nethod of claim 13 wherei n t he phosphorus-treated

zeol j.t e h s con tent.of f Q7,.t 0 about

29, THs apsligreaiaon of FRa VESTF NG PR o S 60 a%05h" The
nmet hod of claim 13 further conprising steam ng the
bound zeolite at a tenperature of 3000C or |ess.

The nethod of claim 13 wherein_the zeolite- bé%genls
30.  The seplifecatalyfiof climt2? irthergamei ineheatingthaPh greated
about 7000C.22. A zeolite catal yst prepared by: a;
zeolite to @artempenatyre of @tcﬂhwte3(0@°ﬂ10rd“shﬁ§§ﬁ¥m GembHHRS thePhasphesusyireated
a phosphorus-treated zeolite; b) treating an inorganic
zeolite with thgaaltnimdenrr chaytinder maietial. a mi neral acid; c)
conmbi ni ng the phosphorus-treated zeolite with an
alum na or clay binder material to forma
zeol i te-binder m xture; and d) heating the
31. THeotdlite-dataigherofnelaimi22 wherirt erepeeaiiterbindef rhixburedbdgated to a
4000C or hi gher

temperature of from 400°C to about 700°C.

32. The zeolite catalyst of claim 22 further comprising adding water to the zeolite-binder

mixture and shaping the zeolite-binder mixture.

33. The zeolite catalyst of claim 22 wherein the bound zeolite is steamed at a temperature
of 300°C or less.
34. A zeolite catalyst comprising:

a phosphorus-containing zeolite that is bound with an inorganic oxide binder which
has been treated with a mineral acid prior to being bound with the phosphorus-

containing zeolite.
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to forma bound zeolite catalyst. 23. The zeolite

catal yst of claim22 wherein the phosphorus-treated
wQemlit@shas a phosphorus content of from 0. 01P€DUSN06049178

0. 15 gram of phosphorus per gramof zeolite. 24. The

zeolite catal yst of claim 22 wherein the binder

material includes at | east one of alum na, clay,

al um num phosphate and silica-alumna. 25. The zeolite

catal yst of claim22 wherein the binder nmaterial is an

al um na-containing material. 26. The zeolite catalyst

of claim22 wherein the binder nmaterial is present in

35, Th@nze@g&u&ga]g cffrcqwgﬂa%fhe}e{%ttﬁe ARQkta) %8?{01?% &ﬁicﬁm‘lco‘{md nitric

the ite catalyst. 27. The zeol |te cat al yst

acid’Ph°S§fg%ng QC_]} ?gu%@f;%g t he binder material contains from

y wei ght alum na.28. The zeolite
catal yst of claim22 wherein the zeolite contains
10- oxygen ring pores. 29 The zeolite catal yst of

3. Thegoblsgua e cLeRIT o5 e e TP AR B, T B T

heati ng the phosphorus-treated zeolite to a
tenperature of at about 3000C or higher before
conbi ni ng the phosphorus-treated zeolite with t
37.  Thglzgaliteecatalys Ioﬁylaﬂf"rﬁfewhﬁ'ﬁtfb?hiedﬁmd% materigl is ébllePﬁté’“e of alumina,
catal yst of claim 22 wherein the zeolite-binder
clay, aluminym phesphatcersiliep-alsming.enper at ure of from 4000C to
about 7000C. 32. The zeolite catalyst of claim22
further conprising adding water to the zeolite-binder
m xture and shaping the zeolite-binder m xture. 33.
38.  ThEnolientadlyst ofithimSy wheregingherbii@ienmateriahist iembsund
zeolite is steaned at a tenperature of 3000C or |ess.
34. A zeolite catal yst conprising:
39, The zeolite catalyst of claim 34 wherein the binder material is present in an amount of

from about 1% to about 99% by weight of the bound zeolite catalyst.

40. The zeolite catalyst of claim 34 wherein the binder material contains from about 1%

to 99% by weight alumina.

41. The zeolite catalyst of claim 34 wherein the zeolite contains 10-oxygen ring pores.

42. The zeolite catalyst of claim 34 wherein the zeolite is a ZSM-35 zeolite.

43. The zeolite catalyst of claim 34 wherein the phosphorus-treated zeolite has a

phosphorus content of from 0.01 to about 0.15 gram of phosphorus per gram of zeolite.
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a phosphorus-containing zeolite that is bound wth an

i norgani ¢ oxi de bi nder which has been treated with a
worRevenzdossaci d prior to being bound with the  PCT/US2006/049178

phosphoruscontai ning zeolite.35. The zeolite catal yst

of claim34 wherein the mneral acid is hydrochloric

acid, nitric acid, phosphoric acid or sulfuric acid.

36. The zeolite catalyst of claim 35 wherein the

mneral acid is nitric acid. 37. The zeolite catal yst

of claim 34 wherein the binder material is at |east

one of alum na, clay, alum num phosphate or

R o o s 2

r ‘material is alumna. "39. The

o 5B £ s Syt g e o

about 99% by i ght ..of the bound zeolite catal yst. 40.
for’l’h%pbg%ﬂ © '%%&%‘Fffg{l%df cl ai m 34 wherein the binder
mat eri al . cont ai ns

. from about. 1%t o0 99% hy wei ght
o) EFeifie A inpiean i pige e atrial pih Spmera et “aher i n
the zeolite contains 10-oxygen i ng}hpor es., 42. l)he ial
©) sepbiniag thn BIGFRROTYE-EpLed RO U HP AN NOFRAN LS O idp PIder qateria
ZSM5 zeolite., 43. The zeolite catal yst of claim 34
to {gyer @ zepliterbinsdenBYHYFGis- t reat ed zeolite has a
phosphorus content of fromO0.01 to about Q.15 gram of
d) pratingenibe zeoliterbingea mizfure 8b farprerature of ghoup R0SF or higher to form
preparing an al kyl aromatic product conprising: a)
a bousd zeelife satabshiand cont ai ni ng 10- oxygen ring pores
with a phosphorus conmpound to forma
e) ploaggohiog uthet baatde dealito | datalystbyvithr amtaremyatit allpdatipanifeed of an
oxi de binder material with a mneral acid; c)
aramadd Bompoumk apd eapilkylatng ragehe dnderalcactionnconditons suitable for
i norgani c oxi de binder material to forma
ardfi@id AlRyltigaler m xture; d) heating the zeolite-binder

m xture at tenperature of about 4000C or higher to
form

The method of claim 44 wherein the binder material includes at least one of alumina,

clay, aluminum phosphate and silica-alumina.

The method of claim 44 wherein the binder material is an alumina-containing

material.

The method of claim 44 wherein the binder material is present in an amount of from

about 1% to about 99% by weight of the bound zeolite catalyst.

The method of claim 44 wherein the binder material contains from about 1% to 99%

by wei ght alumina or clay or their combinations.
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a bound zeolite catalyst; and e) contacting the bound
zeolite catalyst with an aromatic al kylation feed of
w@pooanoiss | ¢ conmpound and an al kyl ati ng agent PEITE82006/049178
reaction conditions suitable for aromatic al kyl ati on.
45. The net hod of cl aim 44 wherein the binder materi al
i ncludes at | east one of alum na, clay, alum num
phosphate and silica-alum na. 46. The nethod of claim
44 wherein the binder material is an
al um na-containing material. 47. The method of claim
44 wherein the binder material is present in an anount
of from about 1% to about 99% by wei ght of the bound
zeolite catal yst. 48. The nmethod of claim44 wherein

the pinder. material .contains fr ut .1%to 99% by .
49, Theeshod af GRmAT oYRErR ATt e Realltens 40, The
nmet hod of claim44 wherein the zeolite is a ZSM5

zeolite. 50. The nethod of claim44 wherein the
phosphorus-treated zeolite is heated to a tenperature
50.  Thef mghwgk ofodaim G mihgrin  the iphospRoaIcagdoredlitejif, heated to a
wherein the zeolite-binder nmixture is heated to a
temperaturecofiabost 89@°Codr Highan 4000C t o about 7000C. 52. The
met hod of claim44 further conprising adding water to
the zeolite-binder m xture and shapi ng the
zeolite-binder mxture 53. The method of claim44
51. Thehretbdd of binimrdnwhéreincthazeolitd-tisddrohixture is Begtedipea temperature
met hod of claim 44 wherein the aromatic conpound is
of from 400FICueraboan@adde al kyl ati ng agent i s nethanol. 55. The
nmet hod of claim44 further conprising steanmi ng the
bound zeolite at a

52.  The method of claim 44 further comprising adding water to the zeolite-binder mixture

and shaping the zeolite-binder mixture

53.  The method of claim 44 wherein the aromatic compound is toluene.

s

54.  The method of claim 44 wherein the aromatic compound is toluene and the alkylating

agent is methanol.

55. The method of claim 44 further comprising steaming the bound zeolite at a

temperature of 300°C or less prior to contacting with the aromatic alkylation feed.

56. The method of claim 44 wherein the zeolite is treated with a phosphorus compound
to form a phosphorus-treated zeolite having a phosphorus content of from 0.01 to about 0.15

gram of phosphorus per gram of zeolite.
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tenperature of 3000C or less prior to contacting with
the aromatic al kyl ation feed. 56. The nmethod of claim
wadooremies n the zeolite is treated with a phosptiDUsz06/049178
compound to form a phosphorus-treated zeolite having a
phosphorus content of from0.01 to about 0.15 gram of
phosphorus per gram of zeolite.57. The nethod of claim
56 wherein the zeolite is a ZSM5 zeolite. 58. The
nmet hod of claim57 wherein the binder materi al
i ncludes at | east one of alumna, clay, alumnum
phosphate and silica-alumna. 59. The nethod of claim
57 wherein the binder material is an
al um na-contai ning material. 60. The met hod 01; claim
7 ' n anmount
57. - TrgmiiiEl St Bt RSl RE AR ls d 2oR S aER e B,
ZSM5 zeolite catalyst. 61. The nethod of claimb57
wherein the binder material contains from about 1%to
o ,
s by By S BB b e
(931 gﬁ)eratu e..of abqut 300C or hi gher 63. The
C'ay’alu“%‘l“ﬁ hate aRdSIHEa-GIONB N the zeol ite-bi nder mixture
is heated to a tenperature of from 4000C to about
7000C. 64. The nethod of claim54 further conprising
steam ng the bound ZSM5 zeolite at a tenperature of .
59. Tf%@@ﬁ@‘@? 9feglgimp §HrwheseidoHicabindgy Mmaterak fk apealymypa-containing
tol uene. 65. The nethod of claim 44 wherein the m neral
material. acid i s hydrochloric acid, nitric acid, phosphoric
acid or sulfuric acid 66. The nmethod of claim 65
wherein the mneral acid is nitric acid.

60. The method of claim 57 wherein the binder material is present in an amount of from

about 1% to about 99% by weight of the bound ZSM-35 zeolite catalyst.

61. The method of claim 57 wherein the binder material contains from about 1% to 99%

by weight alumina.

62. The method of claim 57 wherein the phosphorus-treated ZSM-5 zeolite is heated to a

temperature of about 300°C or higher.

63. The method of claim 56 wherein the zeolite-binder mixture is heated to a temperature

of from 400°C to about 700°C.

64. The method of claim 54 further comprising steaming the bound ZSM-5 zeolite at a

temperature of 300°C or less prior to contacting with the feed of toluene.
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65. The method of claim 44 wherein the mineral acid is hydrochloric acid, nitric acid,

phosphoric acid or sulfuric acid

66. The method of claim 65 wherein the mineral acid is nitric acid.
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