3 NOV 2003 WD 00/69796 PCTNSOQ 12996 DI RECT SELECTI VE SYNTHESI S OF

PARA- XYLENE FI ELD OF THE ENTION 5 The present in tion rel ates h@v

nmet hods for synthesis of | enes by catal ytic net hnt ion of tol u% &W&
benzene, and nore particularly relates, in one enbodi nent, to nethods for
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'para-xylene (PX) is of particular value as a large volume chemical
intermediate in a number of applications being useful in the manufacture
15 of terephthalates which are intermediates for the manufacture of PET.
One source of feedstocks for manufacturing PX is by disproportionation of
toluene into xylenes. One of the disadvantages of this process is that large
quantities of benzene are also produced. Another source of feedstocks
used to obtain PX involves the isomerization of a feedstream that contains
20 non-equilibrium quantities of mixed ortho- and meta-xylene jsomers (OX .
and MX, respectively) and is lean with respect to PX content. A
disadvantage of this process is that the separation of the PX from the
other isomers is expensive.
Zeolites are known to catalyze the reaction of toluene with other
25. reactants to make xylenes. Some zeolites are silicate-based materials
whlch are comprised of a silica lattice and, optionally, alumina combined
with exchangeable cations such as alkali or alkaline earth metal ions.
Although the term “zeolites” includes materials containing silica and
[ optionally alumina, it is recognized that the silica and alumina portions
30 may be replaced in whole or in part with other oxides. For example,
germanium oxide, tin oxide, phosphorus oxide, and mixtures thereof can
replace the silica portion. Boron oxide, iron oxide, gallium oxide, indium
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production of xylenes by ﬁe thylation of toluene wth nethanol using a
bor osi | i cat e zalminephasphate-based miateyials. Alvvinopbosphale zgaliesare madeca, or

alumnaz;gilica . dj n | hat

cat al yg?@ deacPt %ﬁgg{”}im&é%?@b{%ﬁﬁbﬁ@ﬁ@@.g%%gg\%?hby product s.
dAn ot heL | di sad\émﬁwm}ﬁs iha;e ﬂmclemaciuuy @Or']mﬂred o vah]{minbsilipate& mdhowgrlt he 25
esirabl e product,, s.been low, Jin the.range, of 50 to,60%. The balance is
wasted on the. BROMMEHTIRAISE maRLsIdRFeaeHors des TR apBT SEEHL SN s
been further d6%’8&r@‘télﬁ'sttIﬂétmhhhbﬁhﬁéﬁ’idté-%%éw&scm oftén synt hesi zed
by reacting an aromatic Compound such as toluene with a mxture, of carbon

monoxi de (CO), abbreiatedias:MdR0¢ Supstitution of slicegdar Boandips a R Paltsi s gas)
Comp 1108 (3] SRRk Aoy REphESHERGS i, St bviloq S SAPD. 1 0,
cadmium and (2) anPrbcessesdiadviedaeen proposed for the praduction of xylenes by the
methylation of toluene using a zeolite catalyst. For instance, U.S. Pat. No.
3,965,207 involives the methylation of toluene with methanol using a
zeolite catalyst such as a ZSM-5. U.S. Pat. No. 4,670,616 involves the
20 production of xylenes by the methylation of toluene with methanol using a
borosilicate zeolite which is bound by a binder such as alumina, silica, or
alumina-silica. One of the disadvantages of such processes is that
catalysts deactivate rapidly due to build up of coke and heavy by-products.
Another disadvantage is that methanol selectivity to para-xylene, the
25 desirable product, has been low, in the range of 50 to 60%. The balance is
wasted on the production of coke and other undesirable compounds.
1t has been further demonstrated that alkylaromatic compounds can
be synthesized by reacting an aromatic compound such as toluene with a
mixture of carbon monoxide {CO), carbon dioxide (CO.), and hydrogen
30 (H2) (synthesis gas) at alkylation conditions in the presence of a catalyst
system, which comprises (1) a composite of oxides of zinc, copper,
chromium, and/or cadmium; and (2) an aluminosilicate material, either
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It has been recognized that certain zeolites can be modified to
enhance their molecular-sieving or shape-selective capability. Such
modification treatments are usually called “zeolite selectivation.”
Selectivated zeolites can more aocufately differentiate molecules on the

20 basis of molecular dimension or steric characteristics than the
unselectivated precursors. For example, silanized ZSM-5 zeolites
. adsorbed PX much more preferentially over MX than untreated ZSM-5. ltis
believed that the depoéition of silicon oxide onto zeolite surfaces from the
, ‘ silanization treatment has (1) passivated the active sites on the extemnal
25 surface of zeolite crystals, and (2) narrowed zeolitic pores to facilitate the
- passage of the smaller PX molecules and prevent the bigger MX and OX
molecules from entering or exiting from the pores. In this application, the
term "para-alkyl selectivation” refers to modifying a catalyst or catélytic
reaction system 50 that it preferentially forms more PX than the expected
30  equilibrium proportions relative to the other isomers.

Zeolite selectivation can be accomplished using many techniques.
Reports of using compounds of silicon, phosphorous, boron, antimony,
coke, magnesium, etc. for selectivation have been documented.
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nmost of the zeolites used in the prior agt have undesirably short active
lifetimes before they deactivate and have to be reactivated or replaced.

U.S. Pat. No. 4,086,289 concerns a process of nethylating toluene 5 to
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al kylated with C2+ al kyl groups using al kylatl ng agent m°xtures
hydr ogen/ By dr fogebtaina exixiuss of xyades by sontacking dolupne wathdhydroggmaad a over
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a need for st further 1 nproved pfocesses for <catalytic PX synthesis

whi ch ni ni mi zexchangeddnaleculss sigveepniainingea stoichipmetsic exeessef analkalh

toact | vat | on. METg] ERRovatk tnneraly el AR Sy SR Hetlbiatn KBRS % T 1S an
obj ect of1g heoptalrsedit i nvention to provide a nethod in which PX of high

product concentratjon is synthesized via |.kyl ation_of toluene and/or
benzene with a ni kaFQPq %Fhépﬂ'ﬁtmoo @%%Mﬁ#%ﬁ@%ﬂ}a‘%ﬁét hanol in

a catalytic rpgpy AIky|3tdVith C.. alkyl groups using alkylating agent mixtures of

hydrogen/hydrogen precursors and carbon oxide, preferably syngas, over
catalysts comprising a zeolite of Constraint Index not above 12 and a

15 metal component selécted from Fe, Co, Ru, Mn, Rh and Os. The alkylation ‘
products can be dealkylated to produce olefins and aromatics. |

There remains a need for still further improved processes for

catalytic PX synthesis which minimizes or avoids the disadvantages of
prior systems, which include low PX selectivity, low methanol selectivity,

20 rapid catalyst deactivation, and the like.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide a
method in which PX of high product concentration is synthesized via
25 alkylation of toluene and/or benzene with a mixture including H, and CO
and/or CO, and/or methanol in a catalytic reaction system.

It is another object of the present invention to provide a method for
producing PX in greater than equilibrium product concentration, e.g.
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DETAI LED DESCRI PTI ON O‘HE | NVENTI ON The present ention relates to a
process to synthesize PX with 15 para-al kyl selective al kyl ati on of

tol uene and/or benzene with a mxture containing, as predom nant 3NOV 2003
conponents thereof, hydrogen, carbon oxi de, and/or carbon di oxi de
and/ or methanol .in the presence of a catalyst system A nmethod has been
di scovered by which the product selectivity to para-xylene for an
aromatic al kyl.ati on_process usi as 20. al kyl at i agents, m xtures .of H2,
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par a- xyl ene s_‘?'#.regi_vi ty is achieved-by treating the nolecul ar sieve
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external acidic siltghould beistiessed thatdhainventionirovides @ pecess forfon- par a

itions, and/ he | | zat | f | ds,
Bndror (3) | ieEsh seleEBU Bt de. B e dmva N PBIET O T aci 1 tat e
the fornmagi O%I%mdﬂhéﬂﬁﬁﬂ@bégednﬁiglﬁﬁis!%f ablegtive parmkylené eyntiestss, in one

non-limting explanation of the mechanismof  the jnvention. |t nust be
under st ood t whetbetar nettheralvminaphosphatehasadpatesialsaenpaéptib¥iphat e

catal yst reaction. . [ | | :
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AVENDED SHEETred(ing! 6919 elifineting@atdlystafeadtivation, rasocompareld withy priar al ky|

sel ectivation__treatnent to be_effective at para-.alkyl selectivation in
the met hods JTX{RAMINGRFRCRSSSS: A'PH@"%QFHP?‘@B@ ‘%JSEWV(%«'Q%? suitable for
this invapti ' i . R QB8NS bre¥afit WhilEPrEcddiivig one of

t he nmet aﬁ? O@gﬂﬂ“ﬁéﬁ% (:fa?%ur@ %ﬁ%ﬁ@?’em.ntg 2"2 ect ed frglrianroups 1, 2, 3,
4, 5, 6, 7, 8ynextrabted tolyens or ungxtragtedrsidures of toluene podAenzena: i on, e. g.
zinc, copper, chromum cadm um palladium ruthenium nanganese, etc.),
and (2) a second conponent of one or nore than one of the zeolite or

armor phous. material s, PEFAREDDESCRIRTION OF THE INVENTION a- posi tion

selectivity. The first and_ _10 second conponents nay beh chen]'_.&al W m xed,
physi cal | y i xed, &Rhe present invention relates to a process to’synthesize PA wr

15 para-alkyl selective alkylation of toluene and/or benzene with a mixture
containing, as predominant components thereof, hydrogen, carbon
monoxide, and/or carbon dioxide and/or methanol in the presence of a
catalyst system. A method has been discovered by which the product
Selectivity to para-xylene for an aromatic alkylation process using as

20 alkylating agents mixtures of Hz, CO, CO; and/or methanol is significantly
enhanced. The improvement in para-xylene selectivity is achieved by
treating the molecular sieve zeolite materials with proper chemical
compounds to (1) inhibit the extemnal acidic sites to minimize aromatic
alkylation on the non-para positions, and/or the isomerization of the para-

25 alkylated compounds, and/or (2) impose more restrictions on the channel
structure to facilitate the formation and transport of para-alkylated
aromatic compounds, in one non-limiting explanation of the mechanism of
the invention. It must be understood that such treatment may be
performed on aluminophosphate catalyst reaction systems of this

30 invention, but that some aluminophosphate catalyst reaction systems do
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conbi nati ons thereof, as will be described. One type of the zeolite
materials would be sili e-based zeolites such-asgaujasites, norgdeni{es,
pentasils, etc. Zeolite terials suitable for this vention incl ude
silicate-based 15 zeolites and anorphous compounds. Sili cate-based
zeolites aM@ Wit alternating Si02 and MX tetrahedr a, PGREISE0/12996 he
formula Mis an el enent selected fromt%e G oups | through 16 of the

- Periodic Table (new I UPAC). These types of zeolites have 8-, 10-, or
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products such casmparent of pnewe nidt¥)than che\shtha 2e3 iR MRAFIRSUY materials,
PCMIS00/ 12996 Sone e silicate-based materi als have one-di nensi onal

f
channel stru&%%??mfiﬁ areselectyg rerargnesition sgjectivity. The first and
H ahor - ruetarEs, Sl _ - ) Iy b
Para ol oyl sel erpraotibens Mafie théticall) ket biyigly fedHMET"! Y °°
t hree- di nensieabingtiens thereofs as will bedesaribegr ef er abl y par a- al ky|
| ectivated L . g h.th f. t ai
chem cal _compounds. e e Br 88 ZRife pRieft Wik BeXfaitbhsbliacnes” 21"

conmpounds and sustpasifaijasifes, mordenites, pehessiledetcr om G oups 1-16. I n one

enbodi nent, the selgctjivation  of  t eolite materials including the
silicate-based natefFalite materials surtagiae fzor this I‘invermon include sullcate-bagsed
15 zeolites and amorphous compounds. Silicate-based zeolites are made of

altemnating SiO, and MOy tetrahedra, where in the formuta M is an element
selected from the Groups 1 through 16 of the Periodic Table (new IUPAC).
These types of zeolites have 8-, 10-, or 12-membered oxygen ring
channels. Silicate-based materials are generally acidic. The more

20 preferred zeolites of this invention include 10- and 12-membered ring
zeolites, such as ZSM-5, ZSM-11, ZSM-22, ZSM-48, ZSM-57, etc.

One of the disadvantages to the use of many unselectivated
silicate-based materials for such PX synthesis systems is the lack of
product selectivity (i.e. an undesirably broad product distribution results).

25 The acidity and structure of many silicate-based materials are such that
they often promote many undesirable side reactions (e.g. dealkylation,
isomerization, multi-atkyiation, oligomerization, and condensation) which
deactivate the catalysts and lower the product value. It follows that,
silicate-based materials are typically not capable of delivering the shape

30 selectivity for increasing the yield for high-value products such as para-
xylene (PX).
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15 bound zeolite catalysts useful in the present invention concem first
crystals of an acidic intermediate pore size first zeolite and a binder
comprising second crystals of a second zeolite. Unlike zeolites bound with
amorphous material such as silica or alumina to enhance the mechanical
strength of the zeolite, the zeolite bound zeolite catalyst suitable for use in
20 the present process does not contain significant amounts of non-zeolitic
binders.

The first zeolite used in the zeolite bound zeolite catalystis an
intermediate pore size zeolite. Intermediate pore size zeolites have a pore
size from about 5 to about 7 A and include, for example, AEL, MFI, MEL,

25 MFS, MEI, MTW, EUO, MTT, HEU, FER, and TON structure type zeolites.
These zeolites are described in Atlas of Zeolite Structure Types, eds. W.
H. Meier and D. H. Olson, Butterworth-Heineman, Third Edition, 1992.
Examples of specific intermediate pore size zeolites include, but are not
limited to, ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35,

30 ZSM-38, ZSM-48, ZSM-50, and ZSM-57. Preferred first zeolites are

. galliumsilicate zeolites having an MF! structure and aluminosilicate

zeolites having an MFR structure.



e.g., 500:1; 1,000:1, etc., and in sonme applications will contain no nore
than trace anounts of algeina. The second zeolite cga also be siljcalite,
10 i.e., a MFl type sub¥®ntially free of al um na, isilicalite:s,wamﬂ'EL

type SUb%?Bbfkﬁgky free of alum na. The second zeolite is %é"\é’f' sent

in the zeolite bound zeolite catalyst in an anobunt in the range o rom
about 10% to 60% by wei ght based on theBwei ght of the first zeolite and,
nore preferably, from about 20%to about 50% by wei ght. 15 The second

zeolite crystals mhefsycopldyzedtiicewill ssEilyaiavei sreirtémiediate porg site angl i te
crystals and nore preferably will have an_average &artlcle size from about

0.1 to about havelessadhdty thar the- it geplite. Preferably; Hiesseqand zeolite wilh t o

bi nding the {ir | Jec W1 21 e of the
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Wi e resistant to attrition. zeolite boun olite catalyst suitable
for th® procha¥ing aﬁ"@_atﬁ mamﬁ’emﬂlweﬁgerﬁgépe@?%rb?ﬁ%@édw a three
step prOCEd“rz%M—Bﬂggtﬁé éééorﬁ?féblit@l@éﬁ%ﬁ:rﬁihss‘ﬁﬁwféﬂgédlﬁe Otheldi@ohdr st zeolite

0 e zeolite bo

crystals prior converting it tot : gnd’ zeolite catal yst.
Next, a sili czeoliteuwill genemiinbave acsilica tocalbmina molevatip geeaterthan 20Qidabl y by

S0 "ater i SEREETEPPRAD Rt e AR, aprifaiont Wil fafeyTod ekl 7 '
conmponent  untthhndradecaoaneuialeminnsTHe second 2diité eamaiéo be stiichliterdabl e
paste devel ops. 30 .The fin ste e conversiQn a present

| t he sili

in thel®ili cd-eoaMdF! WRES §ta"@'§ﬁlﬁlff?é@c%rﬂium-iqréﬂmﬁgﬂfés§ h{(ﬁ? bi nd t he
first lit ‘

17554 R Pt T LS SO R e,
conj uncti on vzemitebpandmaoﬂbscata@staManmurﬁﬁrmatange of fromaahayd 0%
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reactions, rapeférablydicmiabout20% twoabout, 50% tyeweightls catal yst life. In

15 The second zeolite crystals preferably have a smaller size than the
first zeolite crystals and more preferably will have an average particle size
from about 0.1 to about 0.5 microns. The second zeolite crystals, in
addition to binding the first zeolite particles and maximizing the
performance of the catalyst will preferably intergrow and form an over-

20 growth which coats or partially coats the first zeolite crystals. Preferably,
the crystals will be resistant to attrition.

The zeolite bound zeolite catalyst suitable for the process of the

present invention is preferably prepared by a three step procedure. The
first step involves the synthesis of the first zeolite crystals prior to

25 converting it to the zeolite bound zeolite catalyst. Next, a silica-bound
aluminosilicate zeolite can be prépared preferably by mixing a mixture
comprising the aluminosilicate crystals, a silica gel or sol, water and
optionally an extrusion aid and, optionally, the metal component until a
homogeneous composition in the form of an extrudable paste develops.

30 The final step is the conversion of the silica present in the silica-bound
catalyst to a second zeolite which serves to bind the first zeolite crystals
together. -



addi tion, some of the medi um pore al um nophosphat e-based materials have

uni que channel structure that coul d generate the w rabl e shape 3 KUV 2003

sel ectivity. Further, lytic reaction systens s able for this

i nvention jnclude 10 aI um nophosphat e- based materials and BeN D96

conmpounds. WOA ﬁﬁ?%ophosphate based materials are nade of alternating Al104

and P04 tetrahedra Menbers of this fa@gly have 8- (e.g. AIPO4-12, -17,

-21, -25, - 34, etc.), 10- (e.g. AIPO4-11, 41, etc.), or 12-.

(Al PO4- 5, *@%W o Rt beasel ikl PO4s are
15 substmqton o? an Qteer*d: 1S ey

neutral, cations wi.ith | ower charge
i ntroduces acoﬂ}tm%ttonwmhaemomdesﬁer amﬂmlkylmnéﬂﬂm SYM3R8nt er ed by

PoA “pai 1 T uramiesncseeteaasc el HSup b A Io¥er pdibibrBandd 20 P 2
of aci dic- t e fﬂlé@&?@mﬁé‘éms(ﬂ‘e \oWer ﬁdlﬁﬁél&dlnﬁmmyadal s, such as

SAPO- 5, -11, d|c ternary

conposi§i ons neant!alhscralsb& rea@antﬁdub‘}l%iﬁbs?l‘ﬂ mwsd:m%'ly ﬁ'ﬂf ﬁﬁ ions for
al um num gen Li 1B b
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and the Iike. é\?édhi@;u@%hﬁﬁh@lrstmaumsdhabsoﬂmgE@etataghede@Wb@cﬁhaR%t ed),
CoAPO (cobalt substituted), FeAPO (iron substituted), MAPO (nanganese
substi t ut ed) , selBa¥iY. (zi nc substituted) etc. belong to this category.

Substitution can ’ e §fe@ﬁ§‘§u%bl§mhi§lmenmmm erials
such as the IVEAPSELSRQF{:@?%@'&TE%{'S" eAPSO (Fe, Si), MAPSO
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15 substitution of Al and/or P by cations with lower charge lhtroduces a
negative charge in the framework, which is countered by cations imparting
acidity.

By tum, substitution of silicon for P and/or a P-Al pair tums the
neutral binary composition (i.e. Al, P) into a series of acidic-ternary-

20 composition (Si, Al, P) based SAPO materials, such as SAPO-5, -11, -14,
-17,-18, -20, -31, =34, -41, -46, etc. Acidic ternary compositions can also
be created by substituting divalent metal ions for aluminum, generating the
MeAPO materials. Me is a metal ion which can be selected from the group
consisting of, but not limited to, Mg, Co, Fe, Zn and the like. Acidic

25 materials such as MgAPO (magnesium substituted), CoAPO (cobalt

" substituted), FeAPO (iron substituted), MnAPO (manganese substituted),
ZnAPO (zinc substituted) etc. belong to this category. Substitution can
also create acidic quaternary-composition based materials such as the
MeAPSO series, including FeAPSO (Fe, Al, P, and Si), MgAPSO (Mg, Al,

30 P, Si), MnAPSO, CoAPSO, ZnAPSO (Zn, Al, P, Si), etc. Other substituted
alum:nophosphate—based materials include EIAPO and EIAPSO (where El
= B, As, Be, Ga, Ge, Li, Ti, efc.) As mentioned above, these materials



5 41, etc.) which have significant shape selectivity due to their narrow
channel structure. It has been discovered that it may not be necefﬁ %mgor
t he al um nophosphat e-based naterials to be processed in a para-a @{
selectivation step for good selectivity to produci ng para-xyl ene.

tional bRpever, these al um nophosphates nay be para-al k
gglectivagg’ o# nodi fied to be nore gelegtive thrgugh Fﬁgnﬂ§@" 6 certain
chemi cal conpounds, as will be descrifped, such as organonetal |ic conmpounds
and conpounds of elenents selected from G oups 1-16. In one enbodi nent,

tlhe par ah al kﬁﬂavseig@ap%mpﬁéteapﬁlfc étﬂ%ﬂgﬁhgai éﬁr@asﬂﬁf’érﬁéﬁ(ﬁékﬁyléﬁ&i THENY thg 15

al um nophosphat e- base teril S _can be accC I sned usl n conpounds
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materi ab or a4y wtapwhick pavd sighiicam shapesdiedtivigdoe  teimanewt . to 95 w . %

nmetal s or matcjlta oxliatges first conponent wt.% silicate-based nmaterial or
al uni nophospHAPENBLEME St eri al second conponent. The preparation of the

catal ytic reacti ot lsgsieensliscanered tiaatdionay hotterthedesSargFortager al t echni ques
known to thoselgskil ed.i [

Ko L b lephfoat ke U b SRR A ol "o | oo
catal yti c r easdlectivatigrssteprfongbed selestivity td pradapieg parerylersd. Optionplyynds. Sone
Cormpourtis. o hareveth b FRRAG S R R B BRrm: ol om0t T i ¢ o
to conpounds mbdifiedtpbemoss sdiestve thraugh thenyse of wegaieshemicaind t he i ke, and
G USO0 12006 PPNy il b6 s Set Lokl SaomBiIe SRl ey 490 0
reacti on syst earspoundsiof elemepis seldcterd frore Groups $/1Betradnecernbiedimient, st  conponent
to selectivat g 2RllalRf selectivation of the zeolite materials including the
15 aluminophosphate-based materials can be accomplished using
compounds including, but not necessarily limited to silicon, phosphorus,
boron, antimony, magnesium compounds, coke, and the like, and mixtures
thereof.
The composition of the proposed catalytic reaction systems may be
20 from 5 wt.% metals or metal oxides first component/95 wt.% silicate-based
material or aluminophosphate-based material second component, to 95
wt.% metals or metal oxides first component/5 wt.% silicate-based
material or aluminophosphate-based material second component. The
preparation of the catalytic reaction systems can be accomplished with
25 several techniques known to those skilled in the art. Some examples are
given below.
Para-alkyl selectivation involves the treatment of the above
mentioned catalytic reaction system materials with proper chemical
compounds. Some para-alkyl selectivation treatments are known, e.g.
30 using silicon compounds. Other compounds that may be used include, but
are not limited to compounds of phosphorus, boron, antimony,
magnesium, and the like, and coke, and the like. Para-alky! selectivation



carried out either prior to the selective formation of PX (ex situ) or
during the PX formation (in situ). In the in situ enbodi nent, tr‘fm 73003
selectivating 5 agents are added with the feed to the reactor C(;'n ainrng a
catalytic reaction system In nore detail, in one non-limting enbodinment,
t he techni enevefeerse sel ectivating the material s useful inpdiesoomisheod of this
I nvention is based on the consideration that by depositing on a
silicate-based material or 10 al um nophosphat e- based material one or nore
than one of the organonetallic conpounds which are too bulky to enter the
channel s (or treatrnents phihg-raaterals sbtherhbioye cpialytiggeartion sysiemss sl d be able to

nodi fy onl | th. The
F oot %’hat %’heés a@ﬁﬁ»gﬁe@gﬁé&l?‘oﬁ& ffr&%g&!ébﬁspéﬁﬂ%@le%ﬁ@éi@?&anfw

. sel ectivation 2nt does not enter the channels
preserves t heamedutieitaerqirios o theselestive,ormptipmel X (e #ittd of geriRthannel acti ve

Si tes accountynf i rolRBiokArPSius in He b \ru oIS 148 sSldcivatinighel 1 remai ni ng

active prevents any signific 0SS gf reactivity or convérsion. It wll

be undeBst oodagents aretpdded with dhefped de thecrepctar coHaininameatalic of this

I nvention nayregﬁﬁows% hged before or after the silicate-based materials 20
or al um nophosphate-based materials are m xed with or conbined chemically
or physical |y wit iin moredetad,in gpe apndmitingsembpdiments the techjare fasnbodi nent s,

the silicat e-%@@&.davgq?g; éiﬁtéma@ds A _memhﬁfuﬁsmlgﬁﬁbn @%agkdal s may be

par a- al kyl selecti _ efore conbination with netals or nmetal oxides. In
ot her enmbodi n@hthe copsideration that b depesiting en 3 siisatebasgd MAtadH 96 s phat e- based

e BlGp TRV affriphisgHelotbasidl Ml REbr i@ ina P ERBLRGT O W th metal s or

nmet al oxi des. Tﬁe@orn_er process mght be ternmed "pre-selectjvation”,
whil e the | at e@angmetalissomppupds Waichage togduiky teenterihe ghaniig's (oF one type of

the bul ky or ggierparaldiiy seleeRatRG SoaHsy , ANeashbald trdatie taModinkhly
ZSMS, <11, i exierosl oy and el araun S| opRe 1o aeL P iy e or gani
, , , ; 775 ’ - ge organic
ani ons and mepadaldiry Salettation §g®t@b§§hb€erﬂ8i mehamnelbpresehesitesl from 3 NOV
2013 WIDS 00/ GaZti%% sitEsCTi!{s%%Oﬂge %:ﬁar?n%lsl. %ince the channel active sites account for
the majority of the total active sites, their remaining active prevents any
significant loss of reactivity or conversion.
it will be understood that the para-alkyl selectivation techniques of
this invention may be practiced before or after the silicate-based materials
20 or aluminophosphate-based materials are mixed with or combined
chemically or physically with metals or metal oxides. That is, in some
embodiments, the silicate-based materials and aluminophosphate-based
materials may be para-alkyl selectivated before combination with metals
or metal oxides. In other embodiments, silicate-based materials and
25 aluminophosphate-based materials may be para-alky! selectivated after
combination with metals or metal oxides. The former process might be
termed "pre-selectivation”, white the latter process may be termed “post-
selectivation”.
One type of the bulky organometallic compounds suitable for para-
30 alky! selectivating 10-member-ring zeolites, such as the ZSM family (e.g.
ZSM-5, -11, -22, -48, etc.), mordenite, etc., is the salts of large organic

anions and metallic cations. The organic anions can be selected from



nol ecul es cont ai ni ng carboxylic and/or phenolic functional groups,

I ncluding but not limted to phthalate, ethylenedi am netetraaceti.c I d
(EDTA), vitam n B-5, trihydroxy benzoic acid, pyrogallate, sal i&Wa%“ﬁf
suifosalicylate citrate, naphthal ene dicarboxylate, anthradiolate, 5

canphor at e hers. The nmetallic cations can be sele t he
el errent(s)w(?fada@.%%ps 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, ?LW&& 15, and

16 (new | UPAC notation). O her conpagnds for para-al kyl selectivating the
silicate-based and al um nophosphat e-based materials include, but are not

necessa(r]I i1y Hl?iécbl%@ddotﬁtr?ﬁ'iirrd mmxyngeﬁwb?ph@oliB?Mo?arg‘r%my, | Ir(ralgnesi um 10
conpounds, COKe, a e 1, , m Xt ures er eor . ar a- Yy

sel ectivati OWCB’F"’_Q{}?‘{WH{ '@'@geaﬁ jeinye m@?WﬁMat e- based

mat er i ?! ShV\ﬂ;j(%DTR)?vﬁé?ﬁM@-Bﬁﬁhﬁ@@@ﬁberﬂbmmﬁidailﬁtewéikﬁlaman be

acconpl 1 she \Y

riQus .neans. . For ex e, Qne can use inpregnation of a
sol uti on of WA ﬁe‘f‘téﬁtf’*i’@pgma{”@rfﬁ‘g)réowtﬁ ?W%'Erépl‘é’f%’é*sed material or
al um ngphospphamphbrate dndrBitd. The mdtallid estiokdlcah beOdeldtted fiottA®! € or gani ¢

sol vent can be used, ditiogn of non-netalljc salts d/or adjustnents of
pH to facili FW’?‘I’#EO‘([A&@&P%&E'%&%QO%% @ngﬂ.n-ﬁéaié'vﬁal' ﬁg bgaﬁ‘ao ded to
drive of f thenép|URAC nbtiun)NOtHee GbmgoandPfor paralalkp sbletiviaing seously with
the organonetal |ic salt. Dhﬁ“ﬁ% ané_'cal cinati or;__?ff_ thaﬁ coated zeolite
or al um noph8UpRarased i alinAphapRhale-based matanaleincitide i ARG wil | turn
the salt int pes@dsatiyinniiea to Slido, ppdspholys, bors, BAIMOISE mayndsm X t echni que,

whi ch i nvol ves m xi I rectl zeolite in the formof powder or
parti cl®s vviPﬂmzﬁ’oﬂ'Pé;sgﬁB laﬁpﬁec'ﬁ‘?a?? mayres thergef- « or m of powder or

particles w thout PaReali selettivativn opsilicaté-badétematerialsanadn | |t hen be
al't Cover t ha@\TEPaIGshaaFea Al i Hia ptoe RelBnehy o mer el oxi de.
Known t echni @egsnohstaliicsalistoan dedctomplishedtytvakipls meanafidr@xaspht, em
Catal yt ¢ rogOetaR g SPBRBRgRT e SIoB Y o e e P Bance. hor ew th
30 suchsas t hilieatestrssed inmatélidbor Mlamindihesphatd-bas@PMhatemidiss E@fér, watér 0 3 Nov
2003 WO 0016%7r %ﬁy %ﬁimb?gg%g%gggwggtgc%n be used. Addition of non-metallic salts
and/or adjustments of pH to facilitate the treatment are optional. Heat will
be provided to drive off the solvent leaving behind a material coated
homogeneously with the organometallic salt. Drying and calcination of the
20 coated zeolite or aluminophosphate-based materials at appropriate
temperatures will turn the salt into metal oxide. Altematively, one can use
a dry-mix technique, which involves mixing directly a zeolite in the form of
powder or particles with a organometallic salt also in the form of powder or
particlés without the use of any solvent. The mixture will then be subjected
25 to heat treatment, which facilitates the dispersion of the salt over the
material and eventually turn the salt into metal oxide.

Known techniques for ex situ and in situ catalytic reaction system
modification can be incorporated into producing the para-alkyl selectivated
catalytic reaction systems of the present invention in accordance herewith,

30 such as those seen in U.S. Pat. Nos. 5,476,823 and 5,675,047.



Lﬂ.one enbodi ment, the same netals and/or netal oxide conponents used in
the catal ytic reaction sgatem can be used al one or !get her to selectivate
e silicate-based mater or al um nophosphate- ba¥d nmateri al3 Wnﬁ%ent S.
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i?)’ L, systens can be prepared by addi ng peiraisheEyes
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freOd;J.Ct I's dr éﬁgitu ﬁé&h@fﬁeleeﬁ%t@elénwéaésed fnateris, amselectivatadt al ytic
eaction syst can al's e prepared using physical , mXxin Finely
g |r vgfglmOMSIamrmhophospl‘(a@-basemai_enalﬁ- ee0B Qf_@v 9&&%@%”63"‘3"25 net al (s)
b ! d%gf@gg%érﬁﬁ%%ﬂpggxaiaﬂﬁé{ed%@ﬂa  UntifrRipieoretnees dsighl y
s y ai ! ex situ para-alkyl selectivate
si | i cat e- basegesghed. Tiessolvent ¢water oratber seiventsheaimbe map@aﬁﬁls%éjef
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30 optional Iy el fitdirduct®f ened, esicindd; rid aeuaﬁed?mneoee'sm%e oY 5903
15 Alternatively, solutions of metal saits and the ex situ para-alkyl
selectivated fine powder or particles such as extrudates, spheres, etc. of
the silicate-based and aluminophosphate-based materials are thoroughly
mixed. A dilute basic soluiion (e.g. ammonia, sodium carbonate,
potassium hydroxide, etc.) is used to adjust the pH value of the mixture to
20 facilitate the precipitation of metal hydroxides and zeolites. The precipitate
is filtered and washed thoroughly with water. The final product is dried,
calcined, and pelletized, if necessary.
The catalytic reaction systems can also be prepared using physical
mixing. Finely divided powders of metal(s) or metal oxide(s), or powders of
25 metal(s) or metal oxide(s) supported on any inert materials, are mixed
thoroughty with finely divided powder of the ex situ para-alkyl selectivated
silicate-based materials, unselectivated aluminophosphate-based
materials, or optionally ex situ para-alkyl selectivated aluminophosphate-
based materials in 2 blending machine or a grinding mortar. The mixture is

30 optionally pelletized before use.
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the catalytic reaction systens can optlonall be activated under a

reduci ng énvi r onnehbe catajyticiresction Systerpcamalg \beprepgedby MiXiBAd 1- 200 atm
(1.01 x 105-2 si ze of
the crystals ?}%ﬁlﬂﬁe pg}éq(gé%g g& %sgglﬁ%ﬁﬁgruﬁlﬁgﬁﬁﬁ)%ﬁﬁ ga5ased
materials is Daﬁdambénale compehents ﬁdthemathclesmthe)metalmm metals, nore
herer i e o STHS T comparerte.ia sSp Ao aRbE! el S50 SRS o

i nstance, crygiey ﬁiné%r eiﬁ%rgﬁ hﬁb&il@écﬂ Je‘écﬂdn%?&bﬁ% and g abl e

scanni ng el ectron mcro picture of a representative sanple of
the crystds. s]ﬁtﬂtamouslymtajyzq)smwsreaaﬂonaa carr| ed out as a batch type,

T oM e CTnE AN KB BBFTheR ok s el o e
i njection of fie aﬁﬂtthe' sebbnd) cdmpbhemsyin lastaome}!bed_mé'mmrmtmsd)mmofg agent
e, O st Eaprre TN gL 1 pres S barsics ok 1 e
and second components.
15 Prior to exposing the catalytic reaction systems to the feed
components of toluene and/or benzene, Hz, CO, and/or CO2 and/or
methano! the catalytic reaction systems can optionally be activated under a
reducing environment (e.g. 1-80 moie% Hz in N2) at 150-500°C, and 1-200
atm (1.01 x 10%-2.03 x 10 Pa) for 2-48 hours.
20 The average crystal size of the crystals in the silicate-based
material or aluminophosphate-based materials is preferably from above 0.1
micron to about 100 microns, more preferably from about 1 micron to
about 100 microns.
Procedures to determine crystal size are known to persons skilled
25  inthe art. For instance, crystal size may be determined directly by taking a
suitable scanning electron microscope (SEM) picture of a representative
sample of the crystals. _ _
The methylation process can be carried out as a batch type, semi-
continuous or continuous operation utilizing a fixed, moving bed, or CSTR
30 catalytic reaction system, with or without recycle. Multiple injection of the
methylating agent may be employed. The methylating agent includes CO,
CO- and Hz and/or CH,OH and derivatives thereof. The methylating agent
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3 NOV 2 093 WD 00/ 69796 PCT/ USOQ 12996 15 reacts with benzene to form

tol uene. Tol uene reacts with the nethylating agent to forma xylﬂ@, 003
preferably PX in this invention. In one preferred enbodinment of

invention, nethanol as the methylating agent is not separately added but
is formed wbdlsbids S Tol uene and/or benzene and the net hydabdofighosident (s)
are usually prem xed and fed together into the reaction vessel to nmaintain
the desired ratio between themwith A8 | ocal concentration of either

reactant to disrupt reaction kinetics. Individual feeds can be enpl oyed,
however, if c&pgiswith neakwtpéorm@me@egael@emr@aﬁr@wh M?@M’Qﬁlw\t vapors in

the reaction ARHER) form @ x%hb%’réfeﬁ'ébl Rﬁh%ﬁl&g-l%ﬁfgfnt 9R'Yne n of

met hyl ating agent can be kept st age ions t ere . By staged
additions, tHembedimgat fothq BV%&?'@@- m&ﬁwnekasﬁ\emtaylammemamtng agent

concentrati or@&?é‘iepgda@d ﬁﬁt%me&tm sifipti num levels to give good aromatic
conpound conversi ons and better catal %t I c reaction systemstability.

Hydr oge® gas can dioieneangior henzene andthe meshylatingagent(share usuplient . The
method Of N SrotrBtindGed toier i) e ialF \edShitg iitdinth YesirgP! ect i vat ed

catal ytic reaction systens, stabilizes catalytic reaction system

per f or mance af#i0 bRYEsAIbEM Mith ool cpacantiaden of eitherreadiant tardisrupt s,
catal ytic repablidh st SIRUNRASIEYAS L4 bd n@lo@&e%m.a?\ﬂ%r&isevent ed. Wth

properly 20 para-al kyl selectivat ed cat al yt reaction syste it is
expect ed t hat taketo ingyrg gepd mixiag et th Gﬁe%@téﬁﬁpﬁwnﬁlﬁ YQSSBE regener at ed

at all.4gThis oPmﬁauy nﬁéﬁnameohbewtﬁddoh%wm dgehfédrrbe keptd

al um nophosphat e- based erials being pars-al kyll Selectivated. Wth

product i on seloWcY %QQ‘H";%'S thezeof. Bysgma@&ﬂ@on%mr%eswéww omatics,

are forned whasdloMstizEne o udemwauw@bgeﬁt%nééﬁtﬁmsﬁs &arl B&Aidif&ined at ens. Thi s
in one

characteristic js n tau the prior art. Further
non-linmting @W?@fﬁf WBQ"’PF@"F’Mﬁ??%?&“??}&déoﬂgeré'onﬁg‘p@ﬂmﬁhat t he
catal ytic reacitalytic ﬁaa&ﬁmrsyscém tabiiity. MytiRigenhab 4R alsoeened@ain | i ty of

pr event g or _red C|n t(r%di#;l e reactions of the methylating 30 agents with

t hensel . afPgeRin UeHtat the para-al kyl selectivated catalytic
reaction systems fumhemodbbtrstsawém, particulamewhenasing paia-giky!

selectivated catalytic reaction systems, stabilizes catalytic reaction system
performance and increases catalytic reaction system life. That is, catalytic
reaction system deactivation is slowed and even prevented. With properly

20 para-alkyl selectivated catalytic reaction systems, it is expected that the
catalytic reaction system may not have to be regenerated at all. This is in
part due to the silicate-based materials and aluminophosphate-based
materials being para-alkyl selectivated. With production selective to PX,
less by-products, such as heavy aromatics, are formed which would

25 deactivate the catalytic reaction systems. This characteristic is not shown
or taught by the prior art..

Further, in one non-limiting embodiment of the invention, there is a
belief that the catalytic reaction systems of this invention have the
capability of preventing or reducing the side reactions of the methylating

30 agents with themselves, and in particular that the para-alkyl selectivated
catalytic reaction systems function to catalyze more than one reaction,
that is, that a syngas reaction is catalyzed to form methylating agents



that is, that a syngas reaction is catalyzed to form nethyl ati ng agent
- 25-04-20001. US 00001299m3 NOV 2Q08 16 which react g th bonzene andPg; 000012996
tol'uene to produce PX ver, because the nethy i ng agent i s produced

on a local, nolecular scale, its concentrations are very low (a

contrasted wwth feeding a nethylating agent as a co-reactant). 3W0Mé§mbeen
denonstrated that feeding a blend of 5 mgthylating agent and tol uene to

make PX i ncreases coke build-up and hence catalytic reaction system
deactivation. In one non-linmting enmbodi nent of the invention, the catalyst

activity dee\Pﬁi?-“glﬁfF'aéﬁ wﬁﬁgehgﬁ%gq@o\wc& /&ﬁ%i&ﬁﬁﬂué@@’()@mm"e conver si on

per day, pr ess t arrying out the process,
the feed m xtwmseanhetmethqlahag agenbissprodeced on adocalamalecplamscale, itshe above

mentioned catal ytic reaction te react tem and
reactants canccBéerﬁl Reations ta:BeP’E'?c/'S 5%&3@@?@&%@&?@@W%P foget her .
Reaction can Bee hed-@uktahl) ﬂhés%lﬁf@érﬂbﬁstfété&ltﬁéﬁéédﬂq@% BRAE of

preferably fr out 200-600 at a 15 pressure from about 1-300 atm

(1.01 x 1@ - 3rr@mwat1mgage;)t armtgltar@mma o MX inpmases coke t'&llﬁTl-(Dlall!ii X

orof o abl 1 e GaEbidbafion SRR GABRIATS  ccd “basis. The

conposi tion of thejd gRé noh-lignitif emﬁddanemtmmheﬁnmnoﬁmwtawst activity
C02) Jaromatic can be from of about 01- 1018&?%)31010 01-10,. preferably 20
from about O. @Bgl@@ﬁelsl&?ﬁdhﬂnﬂé“ﬁsﬁm%@ﬁ ap N2GR% FINRT WE' RiJent s

I ncl ude or ar oot necessarily limted to hydrogen
t oget her V\nthaggo%on no X|de ang/\gtr car bon nonoxi de, and/or nethanol, but

al so di metty! et her Jn cagyinglaubthe prosesspthefeed mduies can e eo-festifte aul fi de.

con be pure. - Beaciar otthfing Bnd B REERSd RnfiRREd anRiguEon istefis! PR
t ol uene, and/ Qhelddtaliié péaction syterniant reactantscar bedae;tddato fﬁwtlpnesence of

benzene may al so enhance heat. and/or selectivi trol t hod of
this inventi oﬁemae@w@@twaﬁie@cﬂrépa?@' ﬁ?a‘Eﬁqr? ﬁ? cBried 66t &5

temperature from about 100-700°C, preferably from about 200-600°C; ata

15  pressure from about 1-300 atm (1.01 x 10°-3.04 x 10 Pa), preferably from
about 1-200 atm (1.01 x 10°-2.03 x 107 Pa); and at a flow rate from about
0.01-100 k' LHSV, preferably from about 1-50 h™* LHSV on a liquid feed
basis. The composition of the feed, i.e. the mole ratio of H2/CO(and/or
CO,)/aromatic can be from of about 0.01-10/0.01-10/0.01-10, preferably

20  from about 0.1-10/0.1-10/0.1-10. |

As noted, typical methylatin agents include or are formed from, but
are not necessarily limited to hydrogen together with carbon monoxide
andlor carbon monoxide, and/or methano!, but also dimethylether,
methylchioride, methylbromide, and dimethylsulfide.

25 It is conceivable that in the scenarios described above, the toluene
can be pure, or in a mixture with benzene. The benzene may alkylate to
toluene, and/or u]timately to PX, with or without recycle. The presence of
benzene may also enhance heat and/or selectivity control.

The method of this invention is expected to tolerate many different

30 kinds of feed. Unextracted toluene, which is a mixture of toluene and
similar boiling range olefins and paraffins, is preferred in one embodiment.
For example, premium extracted toluene, essentially pure toluene, and
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30.kinds of feed. Unextracted toluene, which is a mxture of toluene and
simlar boiling range ol ghins and paraffins, is prefgkred in one NOV 2003
enbodi ment. For exanple rem um extracted tol uene,®€ssentially p%r‘e

tol uene, a | TUTE SHEET (RULE 78) AMENDED SHEET 3 NOV gﬁﬂggk69796
PCT/ USOO 12'\8929@?11;8” racted aromatics, essentially a relative ympure

m xture of toluene and benzene, may al sgybe used. Unextracted tol uene and
benzene which contains toluene, benzene, and ol efins and paraffins that

"boil in asimlar ,range t.o t f I

enpl oyed. Weﬁ@qﬁ}@?&ﬁﬁ:@a' Egéeed-'gl?g Srgggfge&%@?%?ﬂﬁg qﬁrr%%u?{n%%tﬁateo crack
t he paraf fins sutzene! fiayrsise bé askdgbhextracted doluent land benzeme which| y
distilled. For exanmple, the feed nm Iq)te(%ntai n. one or @Dais ﬁaraff.i s and/ or
ol ef i ns_havi nEQntansaliene, benassR. angsletinsand: Racafins et bollih 3ol o
have the dual (ilaehiaf 1ofiEE or bana8Rs Ak MsdBE bApIOYEL WheRnd et hyl at e
benzene or toluemeé To 10 Selectively produCe PX |ndeed, sone of the

catal yti% reaconextracyed feedstdcksidre usedeitis brporignt to erank ther pareffingand i n

some enbodi nents, catalyzjng a . reagti.on qr_ _r i d/ or CO2
and/ or net hanoPefigs ﬂ?tﬁ&ﬁé@rirﬂ%‘fcﬁﬁl ti%g%%agﬁﬁcaléﬁibg'yzolrn%gaf'ﬁ?ee‘stg ective
met hyl ation of fdddf ageontin Ohe bR McrRepdrafike andiduclefifkhaving stdeastyi ng t he
cracking of paraffinS and olefins into, relativ I%ﬁ%gf&g pr duc“ts. The
net hod of t hi sCafeaAPES: the @@ﬁwpéeéﬁ'%%%m% | BanclioniQn o5 wher &
PX conprises a 9 ' I 36 wt. %
and nost pref eﬁf'éénq?(?ﬁ étp:%q%fgé§ %@oﬁcﬂfﬁdﬁ%ﬁ%ﬁﬁ% 5t Berpite o tolbdiielo

of this 20 invention is
al so caf@bl e okeletivelytproguce PXeast 5 wt. % of the aromatic conpound to a

m xture of xyl enes,  preferabl eat 9 - be
recovered fromthe 6‘8@%@5?"5‘{%’3@%\9 qagéw&gg%?%ﬁ%ﬁ%/fé ?15?%@?@(% |oﬂfm¥%r use
in prﬁdﬁC}S SU<Hé| ﬁ&ltﬁnﬁicﬁi@ahbhiﬂlécﬁ?nfédmbdﬁimehtsyrl?at&}yﬂmaheaeﬁ%poryet hyl enek
t erepht hal ate polymer, and the |jke 25 ich.n rn_can be .0_nake
Synthet 1 11 beraactansref e Herandior EqaadipLinetighal o fuidlits § i fdebia
fractionation, QdgerRithigfinghESiective methylation of toluene and/or benzene to

15 produce PX, and catalyzing the cracking of paraffins and olefins into

relatively lighter products.

The method of this invention is capable of producing mixtures of
xylenes where PX compriées at least 30 wt.% of the mixture, preferably at
least 36 wt.%, and most preferably at least 48 wt.%. The method of this

20 invention is also capable of converting at least 5 wt.% of the aromatic
compound to a mixture of xylenes, preferably greater than 15 wt.%.

Para-Xylene may be recovered from the process stream, for
example by crystalliza.tion. for use in products such as terephthalic acid,
dimethyl terephthate, polyethylene terephthalate polymer, and the like,

25 which in tumn can be used to make synthetic fibers. There are three
commercial techniques to recover PX, fractionation, adsorption (PAREX
zeolite), and crystallization. In a preferred embodiment of the invention,
combinations of these recovery techniques may used to lower capital
costs. In another preferred embodiment of the invention, crystallization is

30 used, particularly single-stage crystallization. Single-stage crystallization
simply means that only one crystallization step is used on the product from
the inventive process, which would be a simple and relatively inexpensive



zeolite), and crystallization. In a preferred enbodi nent of the invention,
orPdRdQlons of these rggovery techni ques may used | ower capi t al US0@0@12996
I n anot her preferred en‘di ment of the invention, stallization Is 30

used, particularly single-stage crystallization. Single-stage

crystallization sinply neans that only one crystallization step 3 SowsBy on
the product from the inventive process,sgwhich would be a sinple “and
relatively inexpensive 25-04-2001 US 000812996 3 NOV 2003 is procedure.

Because of the high quality product produced by the inventive process, it

I s expected t ' ' r h ' At lve
process may fﬁ@ﬁag&%ﬂ'%ﬁhﬁﬁggmemﬁg‘”éw&?%g{?@%% W gna% ilngﬁﬁﬁ\trs ep, the
proportion mgyroges®dt istexpectedthghthe PR pFogortion irothenprogwahfromsthei | | serve to
illustrate the processes and nerits of the present inventign, It is to be
under st ood  t HEYETHYE BrOSEERRIaYDE B 36,08 moTe} Whle AlleT 9Be GYHAliZatiohnd t hat

t he present §tr3§$§‘;e %@gagpntrﬂégﬁém' .%bhgiphg,q thereto. 10 EXAMPLE | This

exanple illu s 1n eparing a catalytic reaction
system Tie cat al yThe folloadng examplesanill senye tosiktistiate the paocestes andced net al

i des; d (2) .HZSM 5 l,i.t ith.a,S i CRLA I ti 30
?)(;Ibt :is negnf r (()'erﬁg @ﬂhﬁd}l’ éggq}:{?‘?%ﬁ"ei} 'g&? Blﬁ ,ung%s%%n&%:lhé% Ieg%mﬁgesm xed
net al oxides e\fférme?é!?ﬂﬁi"s.ﬁdti&é/irﬁ@atnfé?ﬁh@itl'iéﬂth@?rﬁen@rpﬂwés% igmdt Zn(NCB) 2
wWith NH#OH  7.22 grans of Cr(NG3)3 and 13.41 grans of Zn(N03)2 were

di ssol ved i n necessanly livited ¥erele: er separately. The two sol utions were
then m xed together. NH{OH was slowy added into the m xed solution with
stirring until the pH value of the solution reached about 20 8. The
precipitatle was filtered and recover &XKAMBLE Iprecipitate was dried at a

e € o b o0 B e S T g il ° ©
catal ytic reagddcibnTystedin TS catahfie reésctivh $i¥ematimprises (1) Cr amd&iers of a
conposition of 50 wt.% (Ww Cr/Zn xed nmetal oxides an 25 50 wm . %
(W w) H ZSMm smixed megal .O&Nﬁﬁ(ﬂépg (8FHx Zpaitwith 2 %‘. d"?é@ra-'laﬂexi des
and 2.0 gramsqphg tbitaiMen ff&h!PG Toipo@tich X eidy'PoRIeI PA). TRe®r and Zn
15 mixed metal oxides were prepared by co-precipitation of Cr{NO;)s and
Zn{NOs); with NH,OH. 7.22 grams of Cr(NOs); and 13.41 grams of
Zn(NOs); were dissolved in 100 ml distilled water separately. The two
solutions were then mixed together. NH,OH was slowly added into the
mixed solution with stirring until the pH value of the solution reached about
20 8. The precipitate was filtered and recovered. This precipitate was dried at
a temperature of 120°C fdr 12 hours, and then calcined in air at 500°C for
6 hours. These Cr/Zn mixed metal oxides were ground intb powders.
The catalytic reaction system was prepared by physically mixing
powders of a composition of 50 wt.% (w/w) Cr/Zn mixed metal oxides and
25 50 wt.% (w/w) H-ZSM-5 zeolite. Powders of 2.0 grams of Cr/Zn mixed
metal oxides and 2.0 grams of H-ZSM-5 zeolite were mixed thoroughly in a
grinding mortar. The mixed catalytic reaction system powders were
pelletized and screened to 8-12 mesh (0.27-0.17cm) particles.

30
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grinding nortar. The m xed catal ytic reaction system powders were

[28-0442003d and screenedgto 8-12 nmesh (0.27- 0.17c articles. 30 US000012996
SUBSTI TUTE SHEET (RULE AVENDED SHEET 25- 04, 200 S 000012996 19 3 NOV
2003 EXAMPLE Il This exanple shows that the synthesis of xylenes with

syngas al kylation of toluene can be achieved-i n a catalytic process as

di scl osed by prior art. However, this exanple indicates that such FaN0V v 1003

" process cannot 5 achi eve high para-xylene selectivity when the

alum nosilicate conponent in the catalytic reaction systemis not nodified

for shape selectivity. The catalyti LN system was prepared as in
Exanple 1. The catalytic reaction s reduced at 350C under 5 nole

%2 (bal anced wi t ThisSxcmple sHolRIhEPeléyriiRetis ofiylensd Withrsyagas o T eact i on.

10 The catal ytic reaction systemwas evaluated with co-feed of syngas (CO

and H2) and t@akuatienf tolugne eapde aghiev eﬁmmc@@sﬁlsmﬁ@wsd@;meg ( ol ar

ratio), a te t r f m (i.
250 psig, 1.8 éﬁégéﬂﬁ@%}'l %W Egiﬁé}t %@ceﬁ%m py?f

about 3 h'sl fgathibed higmpama-kylempeletmnty Whenméalummosmmetcocrrpoﬁénsystem
Test results are given.in Tab 1. Simlar

rior art reported, the
selectivity of Bﬁ@%ﬁ'@@@ﬁnﬁﬁm& pat '%?BQUPBJQr shenrg s%&é‘ﬂm €l ose to .

T o %&‘E%H%ﬁ% R B By ared o8 e | T P e 00 1.
. Tol uene Xyl raaction system was. reduced ay 350iC unden&j mole Wd-he(balancedmm sel ect.
o LT a8 e B S o RPN Sih bt B e L o5t ot e the
oxi des/ alqgni nosi | | Theeatalgtic reaction systerh wascevataated sith co-feed of syngas

(CO and Hyp) and' tolﬁene with a composition of H/CO/toluene of 2/1/0.5

(molar ratio), a temperature of about 450°C, and a pressure of about 18

atm (i.e., 250 psig, 1.82 x 10° Pa). The WHSV (Weight Hourly Space

Velocity) was about 3 h" for toluene with respect to the catalytic reaction

15 system. Test results are given in Table 1. Similar to prior ant reported, the

selectivity of para-xylene in xylenes is about 25 wt.%, which is close to ,
equilibrium, with toluene conversion of 28.6 wt.% and xylene selectivity of

71.1wt.%.
20 ‘TABLE 1
Svynthesis of PX using Zeolite not Selectivated
CO Hz . Toluene Xylene PX
conv. wt% conv. wt.% conv. wt% select. wt.%  select. wt.%
31.7 17.1 28.6 711 25.0
EXAMPLE I

This example illustrates the poor product quality derived from a
25 conventional metal oxides/aluminosilicate system. The catalytic reaction
system was a physical mixture of 50 wt% of ZSM-5 in the form of powder
(CBV8020, an aluminosilicate zeolite obtained from PQ Corp., Valley
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Sé_%temwas a physical m xture of 50 wt% of ZSM5 in the form of powder
(BOBRADT  an al uni nosijgcate zeolite obtained frogaPQ Corp., VallelS 000012996
SUBSTI TUTE SHEET ( RULE AVENDED SHEET . 25-04-2 US 000012996 NOV
7003 20 Forge, PA.) and 50 wt% of a conposite of oxides of copper, zinc
and aluminumalso in the formof powder (C 79, obtained from UCI3 N 2003
Louisville, Ky). The two conponents werenm xed thoroughly, pelletized, and
screened to 8112 (0.27-0.17 cm nesh particles. The catalytic reaction 5
system particles were packed in a stainless steel reactor and reduced with

By Tor 16 naireet FAY' #8863 ot Y Rt ROSR oRieS 1P el ahelafl L 10 ¢ 1O
havi ng a nol aglufrivhirg adéo i theGor of ppeden(C-78aobtained oGt Irie) uene) . The

reaction condjtions were_set at 3500C and 350 .10, pri .53 x..106 Pa). A
ot but | on_ Lavievlle) Ry TheityBrcommans sy wetk mixed Borghdih peleiatie o 11 is

that th ' | ; 9 AeAA D
ﬁ::Cy a?omat f%ﬁ%%ﬁ#pe‘éhﬁé&% {(%?7—8)?"??&8@3 +§ : %%ic e((;%a P'-:(pua’ﬂr'{f':l sel g@t [ Si ty
was i ndi cdi edsystemhparticles wegeipacked ima staitiens istedl oeactorand 4educed widh PX in
th I - f tion. d 5 TABL ti I t
Oxi dos Al un nbOesiTEES S 298 hyaReB0dh S8%%-PEIRERD Pt pe0r e, LAP(1.07 %4
Benzenel. 07 E4§VpRpi#eittiolf8OTRE fd Strerh Gitisla ntidiife &f syngas and

met a- Xyl ene30. 3652. 72 ortho- Xyl enel2. 9322. 45 A9- A1027. 66 Al1l+12. 14 EXAMPLE
|V toluene having a molar ratio of 1:1:0.47 (hydrogen:carbon

monoxide:toluene). The reaction conditions were set at 350°C and 350
10 psig (2.53 x 10° Pa). A distribution of the liquid hydrocarbon products is
" given in Table 2. It is seen that the catalytic reaction system made 39.80
wt.% of undesirable heavy aromatic compounds (A9, A10, & A11+). The
lack of para-selectivity was indicated by the near equilibrium concentration
(24.14 Wt.%) of PX in the xylene-fraction products.

15
TJABLE 2
Conventional Metal Oxides/Aluminosilicate System
Products wit% Ag-Fraction, wt%
Non-aromatics 1.54 ‘ '
Benzene 1.07
Ethylbenzene 0.40 | 0.69
para-Xylene 13.90 2414
meta-Xylene 30.36 5272
ortho-Xylene 12.93 22.45
~ AS-A10 . 27.66
At1+ 12.14
EXAMPLE IV
20 This example illustrates the sijperior performance of the proposed

metal oxides/silicon-aluminophosphate system of this invention. The
catalytic reaction system was a physical mixture of 50 wt% of SAPO-11
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20 This exanple illustrates the superior performance of the proposed netal
‘@2 @&€08i1 i con- al umi nopjgasphat e system of this invggeion. The cat alU$tGa0012996
reaction systemwas a p ical mxture of 50 wt% o APO- 11 SUBSTI TUTE

SHEET (RULE 78) AMENDED SHEET ' 25-04-2,001 US 000012996 3 NO 2003 21

material in the formof powder (an al um nophosphate material obt ai k¥ 403 om
UOP) and 50 wt % of the same C 79 corrposiztle as in Exanple lii. The two
conponents were m xed thoroughly, pelletized, and screened to 8/12 mesh
(0.27-0.17 cm particles. The catalytic reaction systemparticles 5 were

ol o 9% hydr oJ ALY BaRBEh of RENPEE G QurBtiRhpleld o e oBq 55 ooy
for 16 hour s frofh&JOPREnd S0a@th vhthessama (GH78 caimpositeass in ledne having a
nmol ar ratio qQf 1:1:0.45 (hydrogen:carbon nonoxide:tol uene). The reaction

condi ti ons wethe W campapetiswereInixegdhgraushly; pellatiredpand sareened 1t ri but i on

O 1o LUt iy 95 00RO 0 PET il YR RE M i dybidrd) daPfles 2!
e catalytic reactioh system € nuch 1 ess undeésrtabl e ’heavy  ar onati c
conpounds §( 4 we&e packedfinra $t8inleskOsted rdactor)andTieduce witheagas mixtare of

P aantrati or? A B hyrogehun Saiiols i aoenRL2s0°r Ang 1 ISt X 18 TasLe
3 Metal OXi desiyFor 16auMs UTRE RUIORRIH YrasSy Hhiditir@ b sg@dsrwgdlﬁhe
Et hyl benzenel. 091. 64

Product sMy, -Fraction w Non-aromatics21. 11 Benzenel. ]
par a- Xyl ene3chaxing agnolas ratiogf bide45 ghairogen:cacthan mpnexidedoene). The A9

AL09. 47 Al1+1.88%ion conditions were set at 350°C and 350 psig (2.53 x 10° Pa). A
' 10 distribution of the liquid hydrocarbon products is given in Table 3. It is seen
that the catalytic reaction system made much less undesirable heavy
aromatic compounds (11.29 wt.% for A9, A10, & A11+). The improvement
in para-selectivity was indicated by the much-higher-than-equilibrium
concentration (45.52 wt.%) of PX in the xylene-fraction products.

15 .
TABLE 3
Metal Oxides/Silicon-Aluminophosphate System of the Inventioh
Products wit% Ag-Fraction, wt%
Non-aromatics 21.11
Benzene 1.25 : ]
Ethylbenzene 1.09 1.64
para-Xylene 30.20 45.52
meta-Xylene 21.81 32.87
ortho-Xylene 13.25 19.97
A9-A10 9.47
Al11+ 1.82
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PCT/ USOQ 12996 22 EXAMPLE V This exanple illustrates the preparation of
para-al kyl selectivated 5 ZSM5 zeolite with nmagnesi um oxi de as taﬁ{

sel ectivating agent. 11.68 grans of nagnesi um hydroxi de was m xed Wi O 1003
distilled water. To the solution was added 20.44 grans of ammoniumnitrate
and 33.54 YW phthalic acid in sequence. The mni xt uPETAISM/1M8Gt ed t O
obtain a clear solution, which was c ed to roomtenperature before use.
14.80 grans 10 of the solution was m xed with 7.77 grans of a ZSM5 zeolite
(SIi @2/ A102 of 50). The m xture was heated to evaporate the water solvent.
The remaining solid was dried at 120C for 12 hours and cal cined at 500C
for 8 hours with air purge. The pEXAMBUEY sel ectivated ZSM5 zeolite

cont ai ned approximately 9 w. % of nagnesi um oxi de. 15 EXAMPLE Vi This
exanple illustrates the preparation of another type of the «catalytic
reaction system THasesamplgiliustrateathe preparatior of parafalk)deele(:ﬂ\)atém 20 and Zn

m xed al oismeg ze@lﬂgvﬁtﬁ)rr]n%g)slmddxgdeegs "F‘P@w‘:gﬁ}@ﬁl | t a SiQ2/A102

of 38. e same preparatio ocedures as le V were
used. The Mn gra!ni magnrasiumehydroxidé was nvixedwith distilleztivatey. 'Ittmhpr ecipitation

of Mi(NO3)2 a ¢ ] f 2 and 13.44
grans of Zn( Nggs § Vﬁ%%é?%ﬂg%¢tg§% i%ﬂﬁ?&gﬁﬁﬁrﬁf@&%b@fnss parately.
The two sol ut pbihaliewecid in $eguence Jhemigtarenwas hditédib obtain skiwary added into
the m xed sol LI sol ut| on
reached about g[}mg&, %ﬁe&p‘?%%ﬁﬁl%mge%pgﬁﬁg#tﬂﬁ ”38&41868 S This
preci pi 1&t e wakthgrsobdioniwas nixkedwitta 7 77 grams bP8 ZSWS zeallﬂeQSI‘G«JNmad t hen
\(/:\glr gl gregulng ?nt 0 pOV\ger S. '%2@0%%? %Jg@@aé%%%g%g@w%ogm des 30

remaining solid was dried at 120°C for 12 hours and calcined at 500°C for

8 hours with air purge. The para-alkyl selectivated ZSM-5 zeolite

contained approximately 9 wt.% of magnesium oxide.

15

EXAMPLE Vi

This example illustrates the preparation of another type of the
catalytic reaction system. The catalytic reaction system comprises (1) Mn
20 and Zn mixed metal oxides, and (2) MgO modified H-ZSM-5 zeolite with a
SiG0,/AlO; of 38. The same preparation procedures as that given in
Example V were used. The Mn and Zn mixed metal oxides were prepared
by co-precipitation of Mn{NO3), and Zn(NO3), with NH;OH. 4.14 grams of
Mn{NO3); and 13.44 grams of Zn(NO3), were dissolved in 100 m distilled
25 water separately. The two solutions were then mixed together. NH,OH
was slowty added into the mixed solution with stirring until the pH value of
the solution reached about 7.5. The precipitate was filtered and recovered.
This precipitate was dried at a temperature of 120°C for 12 hours, and
then calcined in air at 500°C for 6 hours. These Mn/Zn mixed metal oxides
30 were ground into powders.



23 The catalytic reaction systemwas prepared by physically m xing powders

. D§-Cal-200osi tion of 50% (W w) M/ Zn m xed nmetal oxi@des and 50% (WUW§ 0RGOI2996
nodi fi'ed HZSM5 zeol :Ta Powders of 2.0 grans of /Zn m xed metal oxides
and 2.0 grams of MO Ified HZSM5 5 zeolite were m xed thorougt‘gp{w moR
grinding nortar. The m xed catalytic reaction system powders were

pel l etized and screened to 8-12 mesh (0Q-27-0,17- .cn) particles. EXAMPLE

VII 10 This exanple illustrates that mefhl oxides other than Cri1zn ni xed

metal oxides are also suitable as one of the conpenents in the catalytic

reacti on systemused in the xylenes synthesis w th syngas al kyl ati on of
tol uene. In additiT9g,catalytc @?&%F@Yﬁ@'ﬁ)}@ﬁﬂ?@@eﬂ[}& 'F)?%W@JP NG| ene

selectivity GaRqRR 604 BRBOSIRRATNF 0% BT MR mb@idmerenitlard the 15

catalytic re on .system1s no or’ shape selectivity. The catal ytic
reacti on systom wesv)iMeDanedifies H-ESE-areblitevPowtlegs of24) gtares okact i on

t d at ,350 5 % H2 ' | % N2
For 16 hour s MIZh ke metghOxagnane 0 Brams of MAR itid Hrashea 10, 7o las
conduct eds UNggpisivikleApEATHbIIBRY ih® bNSRg orkdh. Fiemibedidatalfiist resul ts

are given in e para-xyl'ene Selectivity in xylenes Is about 76.0
W . % wi th t olreastioncsystemgiowdess wege pelletizadoang scieepad tad-tdmeshty of 85.4

wL% Conpare I]e | l he para-xylene selectivity is significantly
enhanced V\hegg%’%é&é%‘ 'Flf‘%ate conponent is nodified for shape
selectivity. 25 TABLE 4 Synthesis of PX using Zeolite Mdified for Shape

Selectivity. CO H2 Tol uene Xyl ene PX coné: W . % cony. w.%cony. wt.%
select. wt.%select. wt.% 11.7 5.6 | 76. 0 SUBSTI TUTE SHEET ( RULE

78) AVENQED SHEET -Aje Q%%%%lillusfrﬁegqg%%ﬁo?tidﬂ@‘btﬁ@toﬁtan Cr/Zn mixed

metal oxides are also suitable as one of the components in the catalytic
reaction system used in the xylenes synthesis with syngas alkylation of
toluene. In addition, this example demonstrates that high para-xylene
selectivity can be obtained when the aluminosilicate component in the

15 catalytic reaction system is modified for shape selectivity. The catalytic
reaction system was prepared as in Example V1. The catalytic reaction
system was reduced at 350°C under 5 mole % H: (balanced with 85 mole
% Nj) for 16 hours at 1 atm (1.01 x 10° Pa) prior to reaction.

The reaction was conducted under similar conditions to those in

20 Example Il. Test results are given in Table 4. The para-xylene selectivity in
xylenes is about 76.0 wt.% with toluene conversion of 10.9 wt.% and
xylene selectivity of 85.4 wt.%. Compared to Example }i, the para-xylene
selectivity is significantly enhanced when the aluminosilicate component is

modified for shape selectivity.
25
JABLE 4
Synthesis of PX using Zeolite Modified for Shape Selectivity
CcO H2 Toluene Xylene PX
conv. wt.% conv.wt% conv. wt.% select. wi.%  select. wt.%
11.7 5.6 10.9 ' 85.4 76.0
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24 EXAMPLE Viii This exanple illustrates that the toluene conversion can be
i #e04a2@ wi th a si il arghi gh para-xyl ene sel ectivigay when the reacti®00001299¢

operation conditions ar ptimzed. The catalytic ction systemused in 5
this exanple was conprised of a conposition_of (1) 50% (wWw Cr, Zn, and
My .m xed netal oxides, and (2) 50% (wWw) MO nodified H ZSM 5 zeol |3t jh

a Si Q21AI 02 of 38. The Cr, Zn, and My mxed netal oxides were prepared |n
a simlar method as described in Exanpl €1 with co- precipitation of
Cr(NG3)3i Zn(N3B)2, and Mg(N03)2 with NHACH The 10 nmagnesi um .

oxi de-nodi fi ed ZSM zeol ite was prepMcri bed in Exanple V. The

catalytic reaction systemwas prepa ical mxing as described in

Exanple |. The cat Fhig éxarhgleGiustiatey tHat Mevbludriissirirsibn caplfe under 5% H2
(bal anced with 95%N2) for 16 hours at | atm(1.01 x 105 Pa) prior to

reaction. 15 neeeasadwithiasimdachigbrpasg-syieneaetectivity Mteedhwreactmmed of

e at ur SPPAR TR it f3id GHaRAY R Sysim UBeS I . 1y "
(i.e. 250-890this egampldwas obﬂﬁ:r&e&ibm ddipdifion o) \SOSRY (W OhiZnamdl v
Space Vel omtﬁgvarled from1.5-6 h-1 for toluene With respect to the 20

catal ytic reaMg Bixes metahoxidas:ape (Rhededurw) Mgl modified B -3 BeqQiligl e 5.
As sh in T dwth

S o para- ST, SIQANIC SRR THEEIZA), SR Mg it oufiSaderuRke 1 °
“tenperature obre;mredﬁlﬁ)ﬁsimilwmeﬂlndeawﬂeme%nﬂmmméﬁvml@- 2.83 x106

P d WHSV . "1 f | ] I | ytic 25
A M T
00001299616 NeYagRRrR S HEBAfeR M Boite L rotired adeiBodii 1 ed for
Shape Sel ectivh Reaction Tenperature, C460460460

Example V. The catalytic reaction system was prepared by physical mixing
as described in Example |. The catalytic reaction system was reduced at
350°C under 5% H, (balanced with 85% Ny) for 16 hours at 1 atm (1.01 x
10° Pa) prior to reaction.

15 The catalytic reaction system was evaluated with co-feed of syngas
(CO and Ha) and toluene with a varied composition of Hz/CO/toluene, a
temperature from 450-490°C, and a pressure in the range of 18-28 atm
(i.e. 250-390 psig, 1.82 x 10°-2.83 x 10° Pa). The WHSV (Weight Hourly
Space Velocity) varied from 1.5-6 h™ for toluene with respect to the

20 catalytic reaction system. Some of the test results are shown in Table 5.

- As shown in Table 5, a toluene conversion of 34 wt.% was achieved with a
similar para-xylene selectivity when the reaction was operated at a
temperature of ca. 460°C, a pressure of ca. 28 atm (390 psig, 2.83 x10°
Pa), and a WHSV of ca. 1.5 h™ for toluene with respect to catalytic

25 reaction system.
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Reaction Pressure, psig250390250250 Reaction Pressure, Pal.82 x2.83 x
.38674-880%x1. 82 x 106106108 Feed Conposition, 211/0.28211/0.252/110. 533100052996
mole ratio WHSV, W (Tol talyst)1.51. 533 CO conyéw . 948.429.217.418.1 H2
conv. W.9%b.69.47.47.6 | uene c:onv. w.%6.034.713.615.5 Xyl ene sel ect.

Wt . %84. 280. 182. 486. 3 PX sel ect. wt.%4.575.288.085. 1 EXAVPLE | X 5306 <l
exanpl e illustrates the problens of . | ow nethanol selectivity and fast

catal ytic reaction system deactivation &8sociated with a | ow

aromati c/ met hanol ratio and one-tine nethanol injection. The catalytic
reaction systemwas extrudates of SAPO-1 1 material obtained fromUOP. The
extrudates were ground and screened tTABLE®S mesh (0.27-0.17 cm 10 and
cal ci ned at 550C ug QT 0 f?'o DL ‘ , Iytic .
reacti on system was™e et at S90C, 5 FosSTg 253 106 Pa),
and 8 h"1 WHRGacliba Tepperafifrea°® x480 e of tgsmenet nedp@nol wi4#s a nol ar
ratio of 3.6. Test results are given in Table 6. It i s _seen that the

met hanol  selReactipniRregswiecRsBd 1 r4a970. 0 w8986t 0 55200wt . % %R a test

period of 24 33&&3 Eur sher nor g, e sy I ency severe
catal ytic reﬁ: | 'ﬁﬂg@ %lrln'lédgéctiva?'lsgtn’bas i%{???am g'y %E\e de!:'rgga{gi ng

tol uene conversion from18.5 w.%0b 15.1 wt.% SUBSD? TUTE SHE*ET (RULE 78)
AVENDED SHEE}\HLEJH%E 000123.96 25-04-2001 ML 3 NOV 2003 26 TABLE 6 Synthesis

] |-

of PX Wi th Lo e oel eCtiV! ) 025 210025 211105 211105

WHSV, b (Tol./Catalyst) 1.5 1.5 3 3

CO conv. wt.% 18.4 29.2 17.4 18.1
H conv. wt.% 6.6 9.4 7.4 7.6
Toluene conv. wt.% 26.0 34.7 13.6 15.5
Xylene setect. wt.% 84.2 80.1 824 86.3
PX select. wt.% 74.5 75.2 88.0 85.1

EXAMPLE IX
5 This example illustrates the problems of low methanol selectivity

and fast catalytic reaction system deactivation associated with a low
aromatic/methanol ratio and one-time methanol injection. The catalytic
reaction system was extrudates of SAPO-11 material obtained from UOP.
The extrudates were ground and screened to 8-12 mesh (0.27-0.17 cm)

10  and calcined at 550°C under air for 16 hours prior to use. The catalytic
reaction system was evaluated at 350°C, 25 atm (350 psig, 2.53 x 10° Pa),
and 8 h™* WHSV. The feed was a mixture of toluene/methanol with a molar
ratio of 3.6. Test results are given in Table 6. It is seen that the methanol
selectivity decreased from 70.0 wt.% to 55.0 wi.% over a test period of 24

15 hours. Furthermore, the system was experiencing a severe catalytic
reaction system deactivation as indicated by the decreasing toluene
conversion from 18.5 wt.% to 15.1 wt.%.
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and Catal ytic Reaction System Deactivation Tol uene/ Met hanol (nole) 3.6

- Bot04-26R1St r ean24 Tol ugge Total Conversionl8.5 wt 5. 1 wt. % Tol udhe 000012996
Conversion due to Di sprd)rt ionation0 wt.%) wt.% T®®uene Conversion due to
Met hyl ati onl18.5 wt.%5.1 w.% Met hanol Total Conversionl00.wt.%7.0 wt. %
Met hanol consunmed by nono- and nultiple 70.0 w.9%5.0 w. % net hyl aty My 883

t ol uene Met hanol consunmed by ot her Reactd,ons30.0 w.%12.0 wL% 5 EXAMPLE X
Thi s exanpl e denonstrates the problens 0t fast catalytic reaction system
deactivation for MO para-al kyl selectivated HZSM5 in tol uene

met hyl ati on with | ow tol uene/ net hanol'-]-lq,‘gii_iEo6 and one-tinme nethanol

i njection. The catalytic reaction systemwas MO para-al kyl selectivated 10
H-ZSM5 with a Si Q21A10Zyriieésts of PX8wittf hewdethapokPeleativityn pr ocedure as
that given in Exanple V was used. The cat tic reaction system was

pel l etized and screened E8d4eatatytighieaction [ Honrhe catal ytic
reacti on syst 0C, 1 atm(1.01 x 105 Pa) 2@&nd 14 h-1

VWHSV. The fee.gghvflggaémgngﬁ%ﬁﬁlr@%gﬁtoI'u_eLne/ met hanol with_a m)_'gr ratig _of 15
1.0. The resuHbareeStrangl 1 n Table 7 indicate that although28hy0 par a-

al kyl selectivation of H ZSM5_| rrprmles_t.h‘e_pa-La-xs,uLene—%?Leet-uA—t—y,— this
catal ytic reatelugnesiaabapryersonexhi bits seri ous ca‘l%@y‘f‘i e rdaciVbie system
deacti vation Hrrorcated iyt i | FIETTE TWET ST OR watogm 20. 5
W. %to 8.5 mi°'%“%@%?ﬂ%"1‘!@é?fé§%’ﬂéﬁ? A SHERYYE. 04- 2001
US 000012996 TolueECbnversion digsicsMethylifiophowi ng Cr8.Blwti%c RSAcwt.8h System

Deacti vati on_3_NQ/ 2003 _
Methanol Total Conversion 100wt% 97.0wt%

Methanol consumed by mono- and multiple 70.0wt.% 55.0wt.%
methylation of toluene

Methanol consumed by other Reactions 30.0wt% 42.0wt%

5 o ~ EXAMPLE X
' This example demonstrates the problems of fast catalytic reaction
system deactivation for MgO para-alky] selectivated H-ZSM-5 in toluene
* methylation with low toluene/methanol ratio and one-time methanol
. injection. The catalytic reaction system was MgO-para-alky! selectivated
10 H-ZSM-5 with a Si0O./AIO2 ratio of 38. The same preparation procedure as
that given in Example V was used. The catalytic reaction system was
pelletized and screened to 40-60 mesh (0.042-0.025 cm). The catalytic
reaction system was tested at 460°C, 1 atm (1.01 x 10° Pa), and 14 h™
WHSV. The feed was a mixture of toluene/methanol with a molar ratio of
15  1.0. The results presented in Table 7 indicate that although MgO para-
alky! selectivation of H-ZSM-5 improves the para-xylene selectivity, this
catalytic reaction system still exhibits serious catalyiic reaction system
deactivation as indicated by the decreasing toluene conversion from 20.5
wt.% to 8.5 wi.%.
20
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Tol uene/ Met hanol (molar ratio)' 111 Hours on StreanD.5222.5 Tol uene

. @8rOHLE0dN, wt. %d9. 319. 820. 58. 5 Met hanol Conversio wt . 240010010099S6000012996
Xyl ene” Sel ectivity, wt .@El6.776.484.186.1 Para-Xyle Sel ectivity,

wt . 9%83. 383. 386.576. 3 E LE XI This exanple denonstrates that the

catalytic reaction systemwould suffer from deactivation for syngas

met hyl ati on of toluene if the alunin05|k|cate conponent in the catay yillc
reaction systemis not properly para-aP sel ectivated. The test was
conducted in the sane manner. as Exanple N. The reaction was nonitored as
time-on-stream and the 10 results arfﬁéﬂgﬁf in Table 8. The catalytic
reacti on systemdi splays sone deacti over a period of 18 hours as

i ndi cated by thesgﬁﬁfe%&swx SW@%@QQE@R&E%& B9SteAPDéacibatiéri 0 28. 6
wt.% TABLE 8 15 SIS O OW ng yt1c Reactron stem
Deact i vation ma'rmlhiaibancﬂrimo;tar raho) o) 2/ 1/0 5 Hours‘Ué)n St r ean9, 518, 2
Tol uene Conwe S A aWas - : H2

Conver si on, MOWF&PTBHEQW 1 XyI ene Sel &2 i vi ty* W . %67, 4659, 871. 1

Par a- Xyl ene § 07824792 SUBSTE ROTE SH (ROCET.
AVENDED SHEE N 6’00129939% B8, 2003 AWPLE X T2 Thi s
exanmpl e il usiletiaes) Cbﬁt:el&itm mtg%ess di(m:I osedoon th| s 10venti on 9M6s a

much hi gher 2 : ;
net hanol - t ol UEYieneSe t%ﬁtYth /°pr ocess. .The cabdt yt i c r%&t i on s¥8tlem used

in this exampg ERLSSbdtbly, wt% 833 83.3 865 763

EXAMPLE XI
5 This example demonstrates that the catalytic reaction system would
 suffer from deactivation for syngas methylation of toluene if the

aluminosilicate component in the catalytic reaction system is not properly
para-alkyl selectivated. The test was conduded in the same manner as
Example Il. The reaction was monitored as time-on-stream, and the

10 results are shown in Table 8. The catalytic reaction system displays some
deactivation over a period of 18 hours as indicated by the decreasing
toluene conversion from 35.3 wt.% to 28.6 wt.%.

TABLE 8

15 Synthesis of PX Showing Catalytic Reaction System Deactivation
COfToluene (molar ratio) 2/1/0.5
Hours on Stream 2 9.5 18.2
Toluene Conversion, wt.% 35.3 31.1 28.6
CO Conversion, wt.% 33.6 31.4 31.7
H. Conversion, wt.% 17.8 16.4 17.1
Xylene Selectivity, wt.% 67.4 69.8 711

Para-Xylene Selectivity, wt.% 24.8 249 25.0
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Cr_and Zn m xed netal oxides, and (2) MyO nodified HZSM5 zeolite wth a

- S5004-R084 of 38. The Crgand zn ni xed metal oxi des e prepared asUS 000012996
descri bed in Exanpl e | .@he nmagnesi um oxi de- nodi fi ZSM zeolite was
prepared- as described in Exanple V. The C/Zn m xed netal oxides 10 were
ground into powders. The catalytic reaction system was prepared bé.

physical ly m xing powders of a conpositign of (1) 34% (ww Cr ah 0¥ 1003
m-xed nmetal oxides, and (2) 66 wL% MyO nmodi fied HZSM5 zeolite. The m xed
catal ytic reaction system powders were pelletized and screened to 8-12

mesh (0.27-0.17 cm particles. The meaction system was 15 reduced
at 350C under 5 nole % H2 (bal anced le % N2) for 16 hours at 1

atm (1.01 x 105 PaThiglex@igl@illusiatesthat thecprotasy@igBloskd iif thidwiliehtien Was

magnesi um pht hal ate. The catal ytic reaction systemwas eval uated with

simlar oper 23%a Mi@hlioheoactivily maistananse fepiR¥isynthesisithan thesul ts are

gi ven in Tabl £ ] > t LC reaction system had a
ﬁ/rﬁrfeglrt|Bpélsmel¥1%n6?fdbér{@ﬁ1ei%t@ ;g:{%g#&.

stabl e acti vi ol uéne ~conversi on € PX selectivity. TABLE 9
I(—Ii glher Acts vi) t 31/1}\/aTheﬁgmmm rbegﬁﬁaspstxw m4ﬁ¥hi§®gimlédoaﬁ%§aqhyene

nolar ratio : urs on,Stream : nversion, w.
447 018, 017, 4G1aRdZd '@Bﬁ?@éﬂ@%&ﬁ?"‘dﬁﬁe o3 L MgSrnoatied SvSRES <RaS on.
Wt . 98. 59. 39. 1gitd a@k%gg Ui gt rnﬁgtdr anfd z@ﬁixéé* Pneﬁgpm@&?s ﬁrePé‘?%ﬁ@fé&ne

Selectivity, w.%3. 71.475.2 25 SUBSTI TUTE SHEET (RULE AVENDED
SHEET . 25- 04- 290escribaddnd®ampiedsThe naguesiun ozide>cnpeified 4SM zetlites exanpl e

syngas. al kyl SPEBRORRY Asctrstibl ) o V) The Gridn iRk oidaliides

10  were ground into powders. The catalytic reaction system was prepared by
physically mixing powders of a compaosition of {1) 34% (w/w) Cr and Zn
mixed metal oxides, and (2) 66 wt.% MgO modified H-ZSM-5 zeolite. The
mixed catalytic reaction system powders were pefietized and screéned to
8-12 mesh (0.27-0.17 cm) particles. The catalytic reaction system was

15 reduced at 350°C under 5 mole % Hz (balanced with 95 mole % Ny) for 16
hours at 1 atm (1.01 x 10° Pa) prior to reaction. The organometallic
modifier was magnesium phthalate. '

The catalytic reaction system was evaluated with similar operation

conditions as those in Example ll. Test results are given in Table 9. It is

20 seen that the catalytic reaction system had a stable activity for toluene

~ conversion with stable PX selectivity.

TABLE 9
Higher Activity Maintenance for Para-Xylene Synthesis

H./COfToluene (molar ratio) 2/1/0.5

Hours on Stream, h 5.5 24 91.5 120
Toluene Conversion, wt. % 17.0 18.0 174 17.1
CO Conversion, wt.% 20.5 20.7 17.9 17.8
Hz Conversion, wt% - 85 93 9.1 9.1
Xylene Selectivity, wt.% 76.5 80.2 80.6 80.5
Para-Xylene Selectivity, wt.% 63.4 67.0 714 75.2

25
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disclosed in this invention. The catalytic reaction systemused in this

. 25 d@pRe0tonprised (1) mxed C and Zn oxides, and a MyO nodi fi ddS 000012995
H.ZSM5 zeolite prepar usi ng the nethods descri in Exanple V. The O

and Zn m xed netal oxides were prepared- as described in Exanple 1. These
CrkZn m xed netal oxides were ground into powders. The catal ytic Sr@q?p' n
system was prepared by physically m xi nggpowders of a 10 COh‘pOSitIJ (D
50% (W w) mxed C and Zn oxides, and ( 50 wt. % MO nodified H ZSM 5
zeolite. The m xed catal ytic reaction system powders were pelletized and
screened to 8-12 nesh (0.27-0.17 C@XA P ¢es: The catalytic reaction
system was reduced at 350C under 5 (bal anced with 95 nole % N2)

for I16 hours at | Taisrexdmplk ilustrdles thel feaRibjilitp of Qslrtgmr]{mmld ?:htolt]'dsrae |
catal ytic reaction s Stem uge Lested | 1s! eed o ngas an
Fol tene,  and 2eiTeR0 It SYgas SanIPT St olipaovilh e, Cotefic dReriRnRERtE i xt ur e
at wei ght pereg dsé%fln?tﬂué‘lﬁ%tl B‘Q'Heeé‘iélyﬂé‘ré@c%on%@ tuggdq,t‘ﬁsterrperature
and a 3

of about 460 pressure of abou psig, 2.17 X

106 Pa). S$he exas\pleveomppisad (1) mlxed Cr and Znaixidess amdo(Zﬂ al Mg@elmdmedne

br esent ed i n SR SrdiisPERAEed Hinoiine Rahady oeSiiielin EXimEBLY e
abl e-to carr\Coand PARHIREE ntetaCtides wWers praparad dstddsefibed imEixayiphé 1.0n
reaction si rrultaneously The system denonstrated a goqd 25 activjty

mai nt enance fU1eSSdeHZ némedmﬁal grifes wmere graund.iptq eewsiﬂa mecaelamal ytic
t t SUBSTI TUTE

Sreer (RULL TERRAG SR @éﬁ&#@%@%@%ﬁ%ﬁ; NOV 2003

TABLE 10 18i mcbdmpmﬂm‘x 19 GOP (W Gman toide®, an vadvi¥o

Cota1 Y11 T ARaUa DR SO e A GEbATL VRS S vone

powders were pelletized and screened to 8-12 mesh (0.27-0.17 cm)

g particles. The catalytic reaction system was reduced at 350°C under 5
mole % H. (balanced with 85 mole % Ng) for 16 hours at 1 atm (1.01 x 10°
15 Pa) prior to reaction.
The catalytic reaction system was tested first with a co-feed of
syngas and toluene, and then with a co-feed of syngas and a
toluene/heptane mixture at weight percent of 70%/30%. The reaction was
conducted at a temperature of about 460°C and a pressure of about 21.5
20  atom (i.e., 300 psig, 2.17 x 10° Pa). The WHSV was about 1.5 ™" for
toluene and toluene/heptane mixture with respect to the catalytic reaction
system. The results presented in Table 10 indicate that the catalytic
reaction system is able to carmry out heptane cracking reaction and toluene
methylation reaction simultaneously. The system demonstrated a good
25 activity maintenance for both reactions. This feature implies that the
catalytic reaction system could be used to process unextracted toluene.

SUBSTITUTE SHEET (RULE 78)
AMENDED SHEET



Hept ane . Conposition (nolar ratio)21110.252/110.2521110.25211/0. 25 Hours
-86r2(dH1 87389118 Tol uege Conversion, wt.%R27.426.832. 734. 2 Hept ane US 00001299¢

Conversion, w.%-65.76 CO Conversion, w.%34.1 038.438.3 H2

Conversion, w.%0.614.920.713.6 Xylene Selectivity, wt.%5.683.755.555.2

Par-a- Xyl ene Sel ectivity, w.%4.265.764.965.5 5 In the foregoing

specification, the invention has been degqcri bed wth reference to3§pegshic

enbodi ments thereof, and has been denonStrated as effective in providing

met hods for directly and selectively producing PX from benzene and/ or

t ol uene and hydrogen together with a COx2, using a catalytic

reacti on system However,-it wll be —oent that various nodifications

and changes C%irﬁﬂtéf@ﬁst%éﬁﬂy teiEX1aHd @%é U?Qcﬁiﬁ%%hb%#()@ﬂﬁc spirit
or scope of the rnveniion as se or | app 175
Accordingly, the specification ireactiomaysteayStabilitvin an illustrative rather

than a restrighLjiye sense. For exanple, specific conbi | of t al yst
conponent s, ofhg t han t hose specifi_call_' 6ai.tlri ed, inr%? %‘P%%%ions or
ratios or-nixed in different ways, fall 2?‘/% QUERE the clljlaﬁg NBar anet er s,
but not._specT Bormdstior(Psial [ate) 0" | T2/7/038 2N[EEs  CoITb 2BeT TOA/B B P Ove
t he PX sel ectivﬁﬁv hereffﬂg3 are gntici pated to g W t'%“?é't e scope'Qof this
i nvention. FuHobes on\Bireams conbi nationggof rep@tants, ggatal ytit8reaction

systens, cat aiy B4 61-S—ahRd—coRt+o 0—t-echpi-gLes..not - expli.c
descri bed but TRBIERHePRESON Wtife wit hi B7¢he offpBnded Al ns ardd.2
under stood t0 [T SRS T, TU H 8 YD SHEE NOV

2033 What is claied s o ap

conprisi ng si QO Comeersidy, wb%m ng a neBdyl ati ngs.@gent 34 a cop®Bnati on
sel ected from-the—group consisting of 5 _CO and H2

H, Conversion, wt.% 10.6 14.9 20.7 13.6
Xylene Selectivity, wt.% 85.6 83.7 55.5 55.2
Para-Xylene Selectivity, wt.% 64.2 65.7 64.9 65.5

5 . In the foregoing specification, the invention has been described
with reference to specific embodiments thereof, and has been |
demonstrated as effective in providing methods for directly and selectively
producing PX from benzene and/or toluene and hydrogen together with
CO andfor CO-, using a catalytic reaction system. However, it will be

10  evident that various modifications and changes can be made thereto
without departing from the broader spirit or scope of the invention as set
forth in the appended claims. Accordingly, the 'speciﬁcation is to be
regarded in an illustrative rather than a restrictive sense. For example,
specific combinations of catalyst componénts. other than those specifically

15 tried, in other proportions or ratios or mixed in different ways, falling within
the claimed parameters, but not specifically identified or tried in a
particular method to improve the PX selectivity herein, are anticipated to
be within the scope of this invention. Further, various combinations of
reactants, catalytic reaction systems, catalyst modifiers, and control:

20 techniques not explicitly described but nonetheless falling within the
appended claims are understood to be included.

SUBSTITUTE SHEET (RULE 78}
AMENDED SHEET



%‘
Cx2 and H2, and CO CO2 and H2; and reacting a feed including an aromatic
conpound sel ected fromthe group consisting of toluene, benzene and
m xtures thereof with the nethylating agent in the presence of a 10
catal ytic reaction systemwhich converts at |least 10 w. % of the m&gﬁ@ C
conpound to a m xture of xylenes, where PX conprises at | east 483 W f
the m xture of xylenes, and where the ﬁ talytic reaction system conpri ses:
a first c nent. sel.ected fromthe gro ﬁ consisting of netals and netal
oxi des, %?E cﬂsﬁ'geﬁéﬁ'al el ement is selected fromthe group consisting of
the Goups 1, 2, 3, 4, 5, 156, 7, 8, 9, 10, 11, 12, 13, 14, 15, and 16 of
the Periodic Taghle of Elenents ew AC _natation): an second
conponent 'sel e HELPAPLIRTRG Par S el omRISe8 SEreraf B3RS Sanor phous
al um nosi metratating agentfeono acotibiration selatted franntee gedupuingisting pfar a- al kyl
sel ectjvated aggr%?rhoﬁs al um nosilicates, para-al kyl selectivated

ted 20

substitu bsilicates, crystalline or anorphous substituted
si licates havi 0@,andH}j amhsi onal channel structure, para-alkyl

selectivated s |1 ut silicates, crystalline or anorphous

al uni nophospha#gggcéiaﬁngﬂiq' R)Y selectivated crystalline or anorphous

al umi nf)pk)hmh?g 8%eed iﬁdgﬁngghmkomﬂloamﬁnd 'ploahedeleaeu ifﬁr?m ﬂhelgnﬁl.u%@nisistiﬁgof
par a- al ky| ,sel ectivated substituted alumn osphat e nd mi xtures
et o Gizehe Sy F g as B RPhwilhOF GRS BLaperhin P DEBeR O e, and
Wne[] elm hecéfﬁtyhf)ﬁbacfi@ﬂ $ et m avhigh rdo&eﬁrts atﬂééhsy H em?.w?mamﬁm;ﬁadmﬂﬁwa?m aand
met hyl ati ng .tol yene to PX 3. The t 0 Lm1 ere e first
Companont BT of RSast stere BR somofies Aeast g5 ok afihe iR pulengs ko
from the ghetethe eatlydit réuttion spdemiceripriyegni xed using solutions, physically
m xed, stacked, _.and conbi natjons .t hereof. 35 4, The, nethod of clai.m 1l where
the par o o6l ocBitH COMPERRTY SaIeCERHbINe spus srasisting o metpissancme(al xides | o

reacti on gmefectie nfetil@léméht iy sdiddted fibiiithe §RIUP Toh¥ieingRsT K GRIUPSI 1NQ, 3, 4, 5,
nodi fication wt

of el dhonberdbPetd o 1HaHH. ¢ T a0 Johiaepons | Mot Rparsdnon IRAS o " S
notation); and :
a second component selected from the group consisting of crystalline or

amorphous aluminosilicates having one-dimensional channel! structure, para-alkyl
selectivated amorphous aluminosilicates, para-alkyl selectivated substituted

| 20  aluminosilicates, crystalline or amorphous substituted silicates having one-dimensional
channel structure, para-alkyl selectivated substituted silicates, crystalline or amorphous
aluminophosphates, para-alkyl selectivated crystalline or amorphous aluminophosphates,
para-alkyl selectivated zeolite-bound zeolites, para-alkyl selectivated substituted

aluminophosphates, and mixtures thereof.

25
2. The method of claim 1 where the feed comprises benzene, and where the method
further comprises:
methylating benzene to toluene, and
methylating toluene to PX.
30

3. The method of claim 1 where the first components and the second components
are combined in a manner selected from the group consisting of chemically mixed using
solutions, physically mixed, stacked, and combinations thereof.

35 4 The method of claim 1 where the para-selectivated second component of the




5 5. The nethod of claim4 where the conpound is an organonetal lic salt
conprising: an organic anion having functional groups selected fromthe
group consisting of carboxylic groups, phenolic groups and m xtures
thereof; and a netal cation selected fromthe group consisting of &“ﬁl\i o0
el enent(s) of Goups 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, %

and 16 (new | UPAC notation). 10 6. The nethod of claim 1l where the

par a-sel ectivated second conponent of t8# catalytic reaction systemis
formed byc@alylic eaaclion systerais feemedhy panaralkyd SﬁgCtMBE;ﬁ Coraprisiig mpgqﬁcat@n Va@e nt
sel ected g{;ﬁ# E&FH I PPRSH fr&h! 1 con
corrpoundsgﬁgﬁ%ﬁst%%gfgfjegq?onﬁmou %abe%oﬁquggggn%g ndssoztﬁ"tgrfr‘?@ny corrpoun s, t5
magnesi unGceupsdiuthauighddifd and pixiures theresfeof . 7. The nmethod of claim | where

t he para-al kyl selectivated second conponent of the catalytic reaction
systemis para-al kyl selectivated by nodification with the sane conponent
as thesfibst cohpomtmd ofelaimtdoshéredm cirepoundas an arganametdlicoaltdemprisiogs. The
met hod of cl ai cat es
are select ed r#%ﬁ &'é%ﬁa ﬁg?@ﬁélﬂgﬁﬁ#?& %?{gﬁsﬁpwég?ydutpggﬁggﬁq é(’:fat es
and ferrosarbb)&ﬂcesoup@ ph&mllcrgtdupalaod mixtaiemthereoft ander conpri si ng recovering |
oozt oneatihlicigh sGkOLR BmE RS doGli dink SR Efoftropp] o eSS =
selected from consi & P 7 P5P I on,

adsor pti 06"4,@6 Ecﬂﬁ& m&.t11or1§ 131614e135 anﬂﬂﬁ(ﬁémMBA@mﬂtaﬁbn):l ai m 10 where t he
PX reﬁtgvery I's by single-stage crystallization. 30 12. The nethod of claim
1 whe the catal ytic reaction systemfunctions to catal yze at | east one
reaction Bn addhe irmthdcboffodzimﬂhghd?ﬁthe para-seleetivatedsetonfl componeritadf theer e t he

f eed furth e € up
consi st 1 ngIgvie BRRreT Rt i BRLFREPAATIRL et Bid e o fOT B 30,
2003 33 andgaftesetectdddrantia group coresisting ohorgpatmetalliczokmpotuinds, gdicerd f i n or |
olefin. 14. The thod, of claim1 ere the c system
cctivity tempaindl paPadls SoRlpflduss BiioR oPBe RS il ETBOME Y orver sion
per day. maghesidiheompiolnds, ahd oligturesitherbefi e t he catal ytic reacti on system |
activity decrease is |less

7. The method of claim 1 where the para-alkyl selectivated second component of the

catalytic reaction system is para-alkyl selectivated by modification with the same

component as the first component selected from the metals and metal oxides.

20
8. The method of claim 1 where the para-alkyl selectivated substituted silicates are
selected from the group consisting of gallosilicates, borosilicates and ferrosilicates.
9. The method of claim 1 further comprising recovering PX.

25
10. The method of claim 9 wherein the PX is recovered by a process selected from the
group consisting of fractionation, crystallization, adsorption, and combinations thereof.
11. The method of claim 10 where the PX recovery is by single-stage crystallization.

30

12. The method of claim 1 where the catalytic reaction system functions to catalyze at

least one reaction in addition te forming PX.

13.  The method of claim 12 where the feed further comprises at least one compound
35 selected from the group consisting of paraffins and olefins having at [east 4 carbon atoms



’”—*!%
than 0.1 w.%tol uene and/ or benzene conversion per day. 16. The net hod of
claiml where the conversion of aromatic conpound to a mxture of to
xylenes is greater than 15 wt.% 17. A nethod for form ng para-xyl ene (PX)
conprising: providing a catalytic reaction systemconprising: a firisNOV 200
conponent selected fromthe group consisting of netals and netal oxides,

15 where the netal elenent is selected :riomthe group consisting of the
Goups 1, 2 4 5 ., , 14. 15, and 16 of the
Peri odi c ?Q%P”gé'@fthglcé‘?é&'%?écé'ﬂﬁSW%’@(PB Wﬁéﬁtm?@r@ct ed fromthe group

consisting of crystalline or anorphous alum nosilicates having

di h a ahkyl .sel ecti vat ed |
o TSk HRARS] aect Ude BE e Gl et bt B AR Bl
crystal l'i gana5 wmmameus ahdios behzenetonvdrsionpesdsiavi ng one- di mensi onal

channel structure, para-al kyl selectivated substituted silicates,
cryst alline or anor phous al um nophosphat es, para-al kyl sel ectivated

crystalling. or TReBigieisf cidimn wmhmmawreacmr@seénkabtnﬁ@Heﬁrbay@rseshs
zeol i te-bound zeoL| tes, %%%E"E’FBE“ sel ectjvated substituted

al um noph8@pitat ¥t % ang copYersion Pef da)-t aneousl y forning a

nmet hyl ati ng agent from a conbl nat | on sel ected fromthe group consisting of:
CO and H2, _CO2_and H2, and and 1-12; and_reacti n% an aronmmatj c
conpound 481 ecThe msthad ?fﬁéa"@r%‘ﬁ'be’&é%?%"t"reﬁ@rb?f FYratineemPaarie Aenigiyee of

M xtunes Lfeneas grédidr thi 18wy ating agent in the presence of the
catalytic reaction systemto produce a xylene fraction having a PX

concentration; and recovering PX where greater than 15 w. % of the aromatic

conmpound kg COR‘#ﬁéth@@'for:férﬂ rAYyRAE (PXPEdmhstiigd where the PX
concentration recovered in 'ﬁﬁa wyene( rgﬁlgnr}@g 3 NOV 7003 greater than

48 Wt . % 34 18PFWW@%P%M6WQS’F'% system GAPESIRGie first conponents and the

second conponeptigst céh%oﬁ&ﬂ*éblé%féd'ffbn@th@?ﬂ&% coRls@Rd BAmEIA Al Re Q*I@es
! consisting of chem cally mxed usin solutions, physically m xed

st ackédl, wheredbamatalglenantissgleged frgrg ther E@Uﬁé?ﬁﬁﬁﬁ"lﬂf of ¢heyGraups Wie?d. éi Bhe
par a- sel egly igedly SAC 9D L aRPLNGRY 1870f iHeSPeriodic Table of Elements: and

a second component selected from the group consisting of crystalline or
amorphous aluminosilicates having one-dimensional channel structure, para-alkyi
selectivated amorphous aluminosilicates, para-alkyl selectivated substituted

20 aluminosilicates, crystalline or amerphous substituted silicates having one-dimensional
channel structure, para-alkyl selectivated substituted silicates, crystalline or amorphous
aluminophosphates, para-alkyl selectivated crystalline or amorphous aluminophosphates,
para-alkyl selectivated zeolite-bound zeolites, para-alkyl selectivated substituted
aluminophosphates, and mixtures thereof;

25 simultaneously
forming a methylating agent from a combination selected from the group consisting
of:
CO and H,,
CO; and H;, and
30 CO, CO,and H, ; and

reacting an aromatic compound selected from the group consisting of toluene,
benzene and mixtures thereof with the methylating agent in the presence of the catalytic
reaction system to produce a xylene fraction having a PX concentration; and
recovering PX where greater than 15 wt.% of the aromatic compound is converted
35 to a xylene fraction and where the PX concentration recovered in the xylene fraction is




catalytic reaction systemis forned by para-al kyl selectivation conprising
nodi fication with an agent selected fromthe group consisting of conpounds
of elenments selected from10 G oups | through 16, and m xtures therg§fyV JRO.
The met hod of claim 19 where the conpound is an salt conprising: an organic
ani on having functional groups selected fromthe group consisting of
carboxylic groups, phenolic groups and g} xtures thereof; and 15 a netal

cation sel e group consisting of the elenment(s) of Goups 1, 2,
3, 4, 5, gFe%}?eeﬁq%Jnr@“w&% 11, 12, 13, 14, 15, and 16 (new | UPAC notation).

21. The nethod of claim 17 where the para-sel ectivated second conponent of

- . . . ' : .
conpr 1 o1 ndEmoal 1 SRRt Toers HslTie: Dplpfs irifhe BechGicoltohdile, o 1 g
of or ganoart anbitediorgmantks sekeicteddmom theagrpupicesjstipg of gremicallycoined usiog

boron co unds, anti_nmon ' ounds, and m xtures

t her eo?. ”gggﬁcfﬁepﬁ@%ﬂgnﬁqe%@ﬁ@?%&ﬁm%gﬁgﬁ?ﬁ%ﬁég%%@l kyl sel ectivated
second conmponent of 25 the catalytic reaction systemis para-alkyl

sel ectivated by, nodifi on i th e | onponent
sel ected f1§'om %H% "?’?étf'%ﬂ‘:%t%ﬂ@ 1#;3‘@%?&&91 %%g%egwgér%? ﬁ&épﬁf’ I‘%’@F trﬁ%ﬂ wher e
t he PX i scatalytiv esaetiomyysterpiofoened by bemat-alkyl Selectivialien compriging modifisatiomgvith
fractionation, crystallization adsorption ' ' f. 30
2" The. b REENGIRIREISH tirh e Bpe BOTENHBY of Borg RS Bt e F G
crystabl i Grbipym th2Sugh™ee anghiixtdresftherkafi m 17 where the catal ytic reaction
system functions to catalyze at |least one reaction in addition to form ng

PX, where the feed further conprises at |east 35 one paraffin having at
| east 7 capbon Taker@haNof oMisT 10 where divd edrppoundrieas salbcoraprigiggn 3 NOV 2003

cracks the paraffin. .35 .26, The _nethod of clai r he t | C
reaction syst eR&E3ANG ‘E‘rx')c"EiEEY"é%g"é'cf'@a?Fré’é'gs ?ﬂgﬁ]eé.?@%&%ﬁ% ecoim%gﬁrl- o%l“benzene
conver si OﬁaMkyli@?’eu&, Biienolib graupk @d ntikturdsaheredf7 anther e t he conversi on of
aromatic conmpound to a m t han 2§. A

m Xt u of  xyl enes is.qgreater - O

met hodSf or f or RiMgaLAN0 8 feﬁ{?g fméhe(%‘ﬂ'ﬁjr?%sﬁﬂg% Pﬁ‘hﬁtem%@% %ruﬁ% dg%a o
met hyl at i ngaag @y, 8 roADA1 CazbiBatd, 05, Hell Bohed IDPAC Mdtatiogy.oup consi sting of:
CO and H2,

21.  The method of claim 17 where the para-selectivated second component of the

catalytic reaction system is formed by para-alkyl selectivation comprising modification with

20  an agent selected from the group consisting of organometallic compounds, silicon
compounds, phosphorus compounds, boron compounds, antimony compounds,

magnesium compounds, and mixtures thereof.

22.  The method of claim 17 where the para-alkyl selectivated second component of
25  the catalytic reaction system is para-alkyl selectivated by modification with the same
component as the first component selected from the metals and metal oxides.

23.  The method of claim 17 where the PX is recovered by a process selected from the
group consisting of fractionation, crystallization, adsorption, and combinations thereof.

30
24. The method of claim 23 where the PX recovery is by single-stage crystallization.

25.  The method of claim 17 where the catalytic reaction system functions to catalyze
at least one reaction in addition to forming PX, where the feed further comprises at least
35  one paraffin having at least 7 carbon atoms and where the catalytic reaction system



) COZ and H2, and CO, CO2 and H2 ; and reacting a feed including an aromatic

conpound sel ected fromthe group 15 consisting of toluene, benzene and

m xtures thereof with the nethylating agent in the presence of a @Ebal ytic
Ve

reaction system which converts at |east 10 wt.% of the aromatiXN0 ound
to a m xture of xylenes, where PX conprises at |least 48 w.% of the m xture
of xylenes, and where the catalytic reaction system conprises: a first
conponent sel ected fromthe group consi8®ing of netals and netal oxides,

20 where ttacksitheglaraffimnent is selected fromthe group consisting of the
Goups 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, and 16 of the
Peri odi c Tabl e of Elenents (new | UPAC not atlon) and a second conponent
sel ected 26.om The mathatofabaiwi ‘é‘twlnfgedﬁe Qﬂ‘tqis'fﬂtaﬂeﬁpm systemaeliviin deereasaim i nosi

ol aet T va sy Mar08uolTERS bAARE nEHRNG Bk bt gy PRr 2 2 kY1 22

sel ectiva anor ous um I'nosi 11 cates sel ectivat ed
substisuted aluminosili cat es, crystalline or am)rphous substituted

si i cates havi ﬁhffr& eé?ésl‘aﬁ%% ergrﬁ?é‘%g'{vg anlffta'r'érﬁatloo d%lnh%iamixture

sel ecti vaf?ed su | cates I ne or anor phous

un nophos phaflaes ipgreatexithar 15wet.%ct i vated crystal li ne or anorphous al

um nophosphat es, para-al kyl selectivated zeolite-bound zeolites,

par a- al kyl sel ectivated substituted 30 al um nophosphates, and m xtures

t her eof . 28 Thanethbﬂ(ﬁmtfafming panardEnat{BXpcormprisingsimattansdusly Joring ane and

35 et hy ARG LT RN soBREON oM BB R of ° 1T 18

where the fi rsCG:amrpBlments and the second conponents are conbined in a
manner sel ect e éiazr om roup consi sting of chemically m xed using

sol utions physi stacked, and conbinations thereof. 5 10 31. The
met hod of cl ai m@&@,{m@l—limmar a-sel ectivated second conponent of the

modl 11 cat | on- wEHFING H RgLRECG R LA Trang Esls Bt KR8 O Corpounds
of el gageNicEnSistingast esluéne) enfénelyme rixiuresttheteofl Gith thedneﬂ'lxlatlmgaagernmtbef
presence of a catalytic reaction system which converts at least 10 wt.% of the aromatic
compound to a mixture of xylenes, where PX comprises at least 48 wt.% of the mixture of
xytenes, and where the catalytic reaction system comprises:
a first component selected from the group consisting of metals and metal oxides,
20  where the metal element is selected from the group consisting of the Groups 1, 2, 3, 4, 5,
6,7, 89 10, 11, 12, 13, 14, 15, and 16 of the Periodic Table of Elements (new IUPAC
notation); and
a second component selected from the group consisting of crystalline or
amorphous aluminosilicates having one-dimensional channel structure, para-alkyl
25  selectivated amorphous aluminosilicates, para-alkyl selectivated substituted
aluminosilicates, crystalline or amorphous substituted silicates having one-dimensional
channel structure, para-alkyl selectivated substituted silicates, crystalline or amorphous
aluminophosphates, para-alkyl selectivated crystalline or amorphous aluminophosphates,
para-alkyl selectivated zeolite-bound zeolites, para-alky! selectivated substituted
30  aluminophosphates, and mixtures thereof.

29. The method of claim 28 where the feed comprises benzene and where the method
further comprises:
methylating benzene to toluene, and
35 methylating toluene to PX.



32. The nethod of claim 31 where the conpound is an organonetallic salt
conprising: an organic anion having functional groups selected frgﬂ?tﬁﬁ
group consi sting of carboxylic groups, phenolic groups and m xtur v
thereof; and a netal cation selected fromthe group consisting of the

el ement(s) of Goups 1, 2, 153, 4 5, 6, 7, 8 9, 10, 11, 12, 13, 14,
15, and 16 (new | UPAC notatlon) 33. The_nethod of claim28 where the

par a- sel ectivated second conponent of t B8 catalytic reaction systemis
formed by para-al kyl selectivation conprising nodification with an agent

sel ected f3p0m t@ rEtREP of QiR i whéreQhe frisBadtApBisAtd Akt the BBEsHIIMpnkhsON 20
conpounds, phosphorus conpounds, boron conmpounds, nds

magnesi Uumaco ARG in & M@NAeKEelRciad ?%FWWUBEWWE‘Q&%P%}%% %FXQHHF'QQ wher e
the para- %uﬁvbné@#ﬁraawﬁﬁ@@ st aR@ EnABIRBtorkftherebe catal ytic reaction

systemis para-a sel ectivated by nodification with the same 25
conmponént as the f| rst conponent selected fromthe netals and netal oxides.

35. The mathod 1 rﬁétﬁbafbﬁaamhﬁ ﬂhé&&h@%@-sﬂé@yba@e ls@@ctricw@tnqstnsumumé ut ed

silicates are selected fromthe %g consi stin [losili
rass

a
bor osi | i cxatalytigneadtionsystem is fareed alkyhselectiyation CB%PEF'HS moz@ﬁ CPERF{ with
conpri si NG, LLQVEHLA8d Bﬁ'n tRd ?ro-ﬂﬂ%oﬂﬁ&ﬂ H%of%fmﬁab@hd’@ SHeleheits sBlettad fidkh i S

recovered by a process selec from group consisting of

~ fracti onatGronps ¢itlyough 16, andiroixturesdberesti on, and conbi nations thereof. 35

| 38. The nethod of claim 37 where the PX recovery is by single-stage
crystallization. 3 NOV 2003 37 39. The nethod of claim 28 ggere the .
cat al yti c ¥eactThermetpod ehelpirhat bRk the cempaynyyis angroanomst tallic,galt comansig: i n

addi tion to forgyg &gaﬁéanénmwnghﬁ\c%ﬁﬂ%lﬂs s@le@te’@l‘fﬁf}n weegréup bendigtiag of ur t her

conprises at |east - oné conpound selected fromthe group consisting of
par af f i ns canebxglicgronps, mﬁmnﬁg gioupscanst mixtures WEMEo5taifs  and where the

catal ytic react Th-ﬁ‘o the f
cl ai my28 wher e %ﬁg %g@ﬂ%%%ﬁ‘!&%nmna%ﬁﬁm o‘théfélélrneﬂﬂs)o upethad o

Iaa;stem acti vi t%( ecrease is 10 |ess
than 0155 vd, 4961@®I(7uén®, ‘kihdﬂo‘r:? B8n¥ 18, ahi@ ey PAS nefaon)a2. The method of

claim28 where the catalytic reaction systemactivity decrease is |ess
than 0.1 w.%tol uene and/ or benzene conversion per day. 15 43, |he rret hod
of cl ai m 285, wheTne mhthod sholains 2B where te prr-seledivalss HraoTbCATpANENtPdhe

xylenes is ag%ﬁ&trggct fdnady Fﬂeﬁf Wrorhed ¥ p gﬁ&{%&l%tl&ﬂ%ﬂﬁﬂlﬂ@%&l%&l&mellt(l PX)

conpri si ng aReouY| orm ng ng agent from a conbi nation
sel ected famm&rihee@cted;ﬁroo‘othg|ggqu;:r@r§|stlngo organometal ccompounds silicon

20 compounds, phosphorus compounds, boron compounds, antimony compounds,

magnesium compounds, and mixtures thereof.

34 The method of claim 28 where the para-alkyl selectivated second component of
the catalytic reaction system is para-alkyl selectivated by modification with the same
25 component as the first component selected from the metals and metal oxides.

35.  The method of claim 28 where the para-alkyl selectivated substituted silicates are
selected from the group consisting of gallosilicates, borosilicates and ferrosilicates.

30 36 The method of claim 28 further comprising recovering PX.

37.  The method of claim 36 wherein the PX is recovered by a process selected from
the group consisting of fractionation, crystallization, adsorption, and combinations thereof.

35 38 The method of claim 37 where the PX recovery is by single-stage crystallization.




20 CO and H2, CO2 and H2, and CO CO2 and H2 ; and reacting a feed

I ncl udi ng an aromati c conpound sel ected fromthe group consisting of

t ol uene, benzene and m xtures thereof with the nmethylating agent in the 25
presence of a catalytic reaction systemwhich converts at | east JN0Wt208% of
the aromatic conpound to a m xture of xylenes, where PX conprises at | east
48 wt.% of the m xture of xylenes, and ere the catalytic reaction system
conprises: a first conponent selected fr the group consisting of netals
and netal oxides, where the netal elenent is selected fromthe group

(1:gnsi sg i Eg 3ﬂ‘f t HeheGnethpd of claidy i'«.‘8;.»\«héceEt:5;=.- caﬁﬁﬂiS(reaZ:tion?s{J%in&Wncﬁéﬂs ;olea)tal}z% d14, !
, an | | e.o enents (new notation); and a |
second conp%rlleegﬁrg?{%{acﬁ%l @ %?E'ggéqm'"gﬁgct i vated crystalline |

alum nosilicate prepared by depositing conmpounds selected fromthe group
consi sti.ng of Or4 ounds, phosphorous

|} iC ounds,. silicon con
conpounds, boron sgﬁ %@?Slgh%lﬁ'r%’?%ngreggﬁ{ﬁﬁgr{ﬂgberr?ﬁa}?é‘ £%,8h Ieagtoge cegpaunding
m xt ures t reelesteld, framm treagrdum bomsisting iof paraffins ald @Hn2 AAANG &t 1Bst 4 ERbsEABRE OL\

claim 44 r e i.ted conpounds are converted into oxides. 5 46. :
met hod fo\rl\%gﬁvrﬁeﬁééth%a(‘%gaﬁm r«?ﬂ%"’@ﬁ?tee’o%?ﬁ%ﬁﬁﬁara BrnAlefitg a catal ytic |
reaction systemconprising: a first conponent selected fromthe group |
consi sti ng Qf al s an tal .oxjdes where the nmetal elenment is selected
fromthe grﬁUp%ﬁgP%tﬁ?%ﬁf%?'m[ %iwar&dti% catalytic repction system gctivity dgcregse isp, 11,

12, 13,1014 JessShara.8 vt tluériecariizsr bahizéne dabmioH pdelgggent s; and to a second

conponent that is a para-al kyl selectivated crystalline alumnosilicate
prepared by depositing conpounds selected fromthe group consisting of

or ganonet al42i ¢ Thempethiodisf clai 28WRere AR EataKEG redBRSPERMN Bcth)RREYRdSe isPOr ONn |
coke, and m xtures thereof, on |

salts, anti Qungds, magnesi umsalts,
sai d al uni J}eggﬁlf{%@ﬁ&ﬁ%’gﬁmq kf‘?"ﬁs"%?ﬁi%d’eédﬁﬁt hyl ati ng agent from a
conbi nati on selected fromthe group consisting of: CO and H2, CO2 and H2,

and .
15 43.  The method of claim 28 where the conversion of aromatic compound to a mixture

of xylenes is greater than 15 wt.%.

44, A method for forming para-xylene (PX) comprising simultaneously forming a
methylating agent from a combination selected from the group consisting of:
20 CO and H,,
CO, and H;, and
CO, CO, and H, ; and
reacting a feed including an aromatic compound selected from the group
consisting of toluene, benzene and mixtures thereof with the methylating agent in the
25 presence of a catalytic reaction system which converts at least 10 wt.% of the aromatic
compound to a mixture of xylenes, where PX comprises at least 48 wt.% of the mixture of
xylenes, and where the catalytic reaction system comprises:
a first component selected from the group consisting of metals and metal oxides,
where the metal element is selected from the group consisting of the Groups 1, 2, 3, 4, 5,
30 6,7,8,9 10, 11,12, 13, 14, 15, and 16 of the Periodic Table of Eiements (new IUPAC
notation); and
a second component that is a para-alkyl selectivated crystalline aluminosilicate
prepared by depositing compounds selected from the group consisting of organometallic
compounds, silicon compounds, phosphorous compounds, boron salts, antimony
35 compounds, magnesium salts, coke, and mixtures thereof, on said aluminosilicate.



W
CO CO2 and H2; and 20 reacting an aromati c conpound sel ected fromthe
group consisting of toluene, benzene and m xtures thereof with the
nmet hyl ati ng agent in the presence of the catalytic reaction syst to
produce a xyl ene fraction having a PX concentration; and recoveriﬁgb‘bﬂm
where greater than 15 wt.% of the aromatic conpound is converted to a
xyl ene fraction and where the PX concent egtlon recovered in the xyl ene
fraction is 25 greater than 48 w. % he met hod of claim 46 where the
deposi ted conpounds are converted |nto oxi des. 30 48. A nethod for formng

par a- xy| ené§( PX)Theangthbs ohdlaisi #diwherectheidbposited BbmPodnds Btk %h\?&deﬂgntagent
froma corrEJ E%El on selected fromthe group consisting of: CO and H2, CO2
and H2, an and H2 ; and 35 reacting a feed including an aromatic
conpound sel ected fromthe group 3 NOV 23U3 39 consisting of toluene,

benzene .an mxtur reof. with the hyl ating agent in the presence of
a cat al ytlg‘srea %ﬁm&gg fgm"\%‘ﬂlpéﬁ %yé‘?ﬂ?nﬁ COMPIILENgt 10 w. % of the

aromati c conpomrmindllngacmakyttmrr&am‘bn)syét@m%mﬁﬁbiﬁ e PX conprises at |east 48
w . % of the mxt ett gen d where the catal tic reaction system
conprises: 5 a f3T&{ B EQT & 9TPURFEMRIStE O retaih and et oxfesret al s

and netal whedethe mathbslemehids Beleated Elofma rdL_ﬁ}J c%%i%ﬁﬁg?@f thé @JFbﬁﬁFfI ¥ gu.p
consi sting 0 10, 11, 12," 1

15, and 16 o%* é’§e1&‘ﬁjgél %3 ﬂébﬂgW@%Hﬁ?@fl%%b'@%emwtmn@n) and a

second 160nponenta sebahd tSmpork maaisl@/;barﬁehméélé@w%dmlﬁe' élﬁ\%mosmcat
alum nosilicate ta)"ngre ared b 03| ti ng conpounds ‘sel ected fromt %e |

group consPSRAY REFEMR 'r'" elesigsbiem dhe group sensistingsb grapnometaliic

phosphor ousompdmdsnﬁﬁcorbwm@aét@osﬁﬁ'&rblﬁ@é% &ﬂﬂ?%&?ﬁsal&agﬁ‘tﬁﬁérﬂ{m sal ts,
coke, and m xturrH% t here sajd aluni nosilicate he met hod o

cl ai m 48 whHBPBOY B@EB@?‘?'@@agﬁ)ﬁﬁB%rﬁﬂ'@ mixiaresgherest, on slaMqumms'dmatq,es.

simultaneously
15 forming a methylating agent from a combination selected from the group consisting
of:
CO and H,,
CO, and H,, and
CO, CO, and Hy; and
20 reacting an aromatic compound selected from the group consisting of toluene,
benzene and mixtures thereof with the methylating agent in the presence of the catalytic
reaction system to produce a xylene fraction having a PX concentration: and
recovering PX where greater than 15 wt.% of the aromatic compound is converted
to a xylene fraction and where the PX concentration recovered in the xylene fraction is
25 greater than 48 wt.%.

47.  The method of claim 46 where the deposited compounds are converted into
oxides.

30 48 A method for forming para-xylene (PX) comprising simuftaneously forming a
methylating agent from a combination selected from the group consisting of:
CO and H,,
CO. and H,, and
CO, COz;and H, ; and
35 reacting a feed including an aromatic compound selected from the group
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consisting of toluene, benzene and mixtures thereof with the methylating agent in the

presence of a catalytic reaction system which converts at least 10 wt.% of the aromatic |
compound to a mixture of xylenes, where PX comprises at least 48 wt.% of the mixture of
xylenes, and where the catalytic reaction system comprises:
5 a first component selected from the group consisting of metals and metal oxides,
where the metal element is selected from the group consisting of the Groups 1, 2, 3, 4, 5,
6,7,8, 9 10, 11, 12, 13, 14, 15, and 16 of the Periodic Table of Elements (new IUPAC
notation); and
a second component that is a para-alkyl selectivated crystalline aluminosilicate
10 prepared by depositing compounds selected from the group consisting of organometallic
compounds, silicon compounds, phosphorous compounds, boron salts, antimony
compounds, magnesium salts, coke, and mixtures thereof, on said aluminosilicate.
|

48.  The method of claim 48 where the deposited compounds are converted into
15 oxides.




