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| NVENTI ON 5 The present invention relates to nethods for nodifying zeolite
cat al ystwoapdsssat al ysts so nodified, and nore particul arl yctek@i8g3 i N one
embodi ment, to nethods for nodifying zeglite catalysts to make them nore
selective to the synthesis of para-substituted dial kyl benzenes relative to
ot her di al kyl benzene i soners iAnot her 10 reactions, and
catal ysts so nodifi ed. BAW%%-‘-%EE@E%FWG t he para-substituted
di al kyl benzenes, para-xylene (PX) is of 15 particular value as a | arge

vol ume chem cal internediate | Mcati ons being useful in

t he manuf acture of terephthal QM E nedi ates for the

manuf act ure of pol yethylene terephthalate (PET). One source of feedstocks
for manufacturing_PX is by disproportionation of toluene into xylenes. One
of theddi sadvant afee pegsaminyventios selatesstormathadsrfge nrdlifyingrzgdlitees of benzene
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Of the para-substituted dialkylbenzenes, para-xylene (PX) is of

15 particular value as a large volume chemical intermediate in a number of
applications being useful in the manufacture of terephthalates which are
intermediates for the manufacture of polyethylene terephthalate (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

20 quantities of benzene are also produced. Another source of feedstocks
used to obtain PX involves the isomerization of a feedstream that contains
non-equilibrium quantities of mixed ortho- and meta-xylene isomers (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

25 other isomers is expensive.

Zeolites are known to catalyze the reaction of toluene with other
reactants to make xylenes. Some zeolites are silicate based materials
which are comprised of a silica lattice and, optionally, alumina combined
with exchangeable cations such as alkali or alkaline earth metal ions.

30 Although the term “zeolites” includes materials containing silica and
optionally alumina, it is recognized that the silica and alumina portions

may be replaced in whole or in part with other oxides. For example,



germani um oxi de, tin oxide, phosphorus oxide, and m xtures thereof can
replace the silica portion. Boron oxide, iron oxide, galliumoxide, indium

oxi de, awndopmagpir es thereof can replace the al um na portimryudwassddi ngly,
the terms "zeolite", "zeolites" and "zeplite material", as used therein,

shall 5 nean not only materials containing silicon and, optionally,
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acidity el | Hisan i B skl HARE dARture MoRss:, BEARSaMdtoridlsihight | on,  and
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produces siljc ' h eal b L-at as SAPO. Processes
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i nvol yes the nethylation of tolueng usi a zeplite catal yst. such as a
ZSM 50U, 5. BSOS oM R B RGBT AR DL AU BR G STEDAISR/NEHEE by the
net hyl ation agwmtrﬁipm@ﬁhmbttbhswrhatwia_lysﬂumirﬂ)mrspﬁaﬂelfe@iﬁa_sz@@ inb@eWhi ch is
bound by a binder such as alunina, silica, or alumna-silica. One of the

di sadvant aged a4ermalng HRs @R ﬁgtrqhﬁﬁraCAWmiggm@o&w@a&q-baae@ rapidly due 25
to build up rﬁétse?i?[]sbﬁé\?ecl%%? aﬁﬁgtzrdo%pa?@g }Qt‘%ﬂ}fﬂin%m@ét@gpﬁé %\A%Pt her

di sadvant age | at met hanol l'ectivit 0 para-xyl ene, 'E e desirable
product, hasadidityrelirinatasrmany sidemgactidns daises 6astantscutilidatinoeand wast ed on
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reacti ng an gboesvhict! SHARPINSubgtitution df ellicendomP tamdior aPXAlys=sr of car bon

di oxi de (C02), .and carbon ponoxi de@éCO) .and hgdro en (H2) (synthesis gas)

at al kyl at i JHHOEUeRR silieprRlumpaphesphaieesclites; agbreyiaied as SAPO.
Processes have been proposed for the production of xylenes by the
methylation of toluene using a zeolite catalyst. For instance, U.S. Pat. No.
20 3,965,207 involves the methylation of toluene using a zeolite catalyst such
as a ZSM-5. U.S. Pat. No. 4,670,616 involves the 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
25 to build up of carbonaceous material and heavy by-products. Another
disadvantage is that methanol selectivity to para-xylene, the 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.
It has been further demonstrated that alkylaromatic compounds can
30 be synthesized by reacting an aromatic compound such as toluene with a
mixture of carbon dioxide (CO,), and carbon monoxide (CO) and hydrogen

(H2) (synthesis gas) at alkylation conditions in the presence of a catalyst



WO 00/ 74847 PCTI USOQO 13003 3 system which conprises (1) a conposite of
oxi des of zinc, copper, chromum and/or cadmum and (2) an

al um nosybopeMsey material, either crystalline or anor phoysr/S46R3RS
zeolites or clays; as disclosed in U S5 Pat. Nos. 4,487,984 and 4, 665, 238.
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processes suffer from catal yst deactivatio I'tion, the
prior art diPsedusteantaing Aenixitye ghxyleneysemersmatiar riaifhe equiibetimc conpounds
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zﬁol i tesI caotylleeermdﬁdti:lviﬁylin alkélaltiﬁam;golubgé ?\(itﬂi(dy@gab@hnﬂd@démmby (1) .
shape-sel ect,i ve .capabpility. Su nodj fication treatments are usually
cal | e@s zeol ?W%%@P&%W %@ns.ur%&ee@_ﬂtﬁ'\SjﬁttB% Z8eHei eane sy aﬁ‘_ﬁi@! (@tt@r ately
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characteristics than the wunselectivated precursors. For exanple, silanized

ZSM 5 zeol i 159§nergdh ayassd bexdesirehlenfor thapictdenccalkylation tobermene paran unt r eat ed

ZSM 5. 1t 2%,)cS+i ' Hﬁkt g.epaq | | ) | onto zeolite
surfaces f rgﬁqfe%%lg%hlsjlgl\fgﬂ?éa | gnmgrr] ea n@%w ﬁgségm@%ggg%%ﬁ%@ﬁ%h%ogct Ive
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prevent the rﬁ?ﬂé’iﬁpn,f Cldii?ff%@it hlfe)ég fwégﬁ%%}cﬁgégte@aé@%rg{o ggyltrr})lngctjlhgspgpceis.
In this 30 apphat@to®mpouhdenbesyhgarédedivieydikpalieittd Mighi fukity P ers to
modi fying ausing aluminophosphate-based materials.
It has been recognized that certain zeolites can be modified to
enhance their molecular-sieving or shape-selective capability. Such
20 modification treatments are usually called zeolite selectivation.
Selectivated zeolites can more accurately differentiate molecules on the
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. It
25 is believed that the deposition of silicon oxide onto zeolite surfaces from
the silanization treatment has (1) passivated the active sites on the
external 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 the pores. In this
30 application, the term “para-alkyl selectivation” refers to modifying a

catalyst or catalytic reaction system so that it preferentially forms more



catal yst or catalytic reaction systemso that it preferentially forns nore
WO 00/ 74847 PCT/ USO0/ 13003 4 para-substituted dial kyl benzenes than the
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sel ectivation can be acconplished using many techni ques. Reports of using
conpounds of silicon, phosphorous, boron, antinony, 5 coke, magnesium etc.

for sel ecti vwati QNpSaued y, if not nost of
the zeoli te\sb%useg i&?l t%heaaglrkyg)%ﬁgrgﬁ@%g\%en thlérg sefcﬁg}ﬁ%“'"?@? active lifetines
bef or e t hey pPiep@tionarelativaltchtinesother llsemareactl vated or replaced. There

remains a need f roved cesses for 0 catal ytic PX
synt hesi s whi ch %’eﬁﬁt}]eqézéé%étwrakgﬁgaagg)et%%cod?@gﬁ\gaﬂsg&ng ephRiglegy st ens,
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carryiyng ou nd gt her ects of the inve reis
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al um nosi l i cat, substituted alum nosilicates, substituted sil | cates,

crystal | i ne @i &ﬁﬁ%cﬂf@cmﬂfﬁm&ﬁﬁd%ﬁb@es zeol i te-bound zeolites,

substituted al um nophosphates, and m xtures thereof with an agent whi ch 30

may be conpounds of el enents sel ected from G oups 1 through 16, and
SUMMARY OF THE INVENTION

15
It is an object of the present invention to provide a method for
producing a modified catalyst capable of being more selective to para-
substituted dialkyl benzenes in the synthesis of dialkylbenzenes.
Accordingly, it is another object of the present invention to provide a
20 modified catalyst useful in a method for synthesizing para-substituted
dialkyl benzenes in high product concentration via alkylation of toluene
and/or benzene with a mixture of gases including Hz, and CO and/or CO;
and/or methanol.
In carrying out these and other objects of the invention, there is
25 provided, in one form, a method for modifying catalysts involving
contacting first component, such as crystalline or amorphous
aluminosilicates, substituted aluminosilicates, substituted silicates,
crystalline or amorphous aluminophosphates, zeolite-bound zeolites,
substituted aluminophosphates, and mixtures thereof with an agent which
30 may be compounds of elements selected from Groups 1 through 16, and
mixtures thereof.



m xtures thereof. WO 00/ 74847 PCT/US00/13003 5 DETAI LED DESCRI PTI ON OF THE
| NVENTION It has been discovered that catalysts, particularly zeolite

cat al ystg go//Yy; b€ nodi fied using organonetal | i c conpounds-tkesMsdaza way to
5 enhance sel ectivity to para-substituted al kyl benzenes in the synthesis
of alkyl benzenes. It will be appreciated that the nodified catal ysts of
this invention wll QE@?#EEP@%E§%i@@iﬂéﬁk§fh§ﬂ%@iﬂgb¥@§§§tiOns' The
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transport ofenpange selestivitytceparar sHastitied @hpyb badzengsnindhe symthesimof i mi ti ng
expl anati on | st ood t hat
such treat mﬁ{yl Bgﬁz%r‘?ﬁﬁﬂfv;ﬁ)liﬂnee%p%rﬁﬁhlt%ﬂ%F’Stﬁé;r? dr?t]féHJéétaBg f ngeact i on
systens of timventionweili findrutilityuin ddttaalyzmgrmmraieanilmmhosphate cat al yst

reaction systens o not re e this ubst ted sel ectivation
{roatmont Lo be dfPetouSHEntE nereBRfilind poBshy & The
catal ytic rQ@éﬁthﬂhébﬁf%SWﬂhﬁﬂber Eemichi éombhsﬁﬁ@sk @ﬂeuemémgle (1) afirst
conponent of one or nore than one silicate-based nmaterials i ncl udi ng but

not nEtessaselapted firmetrewns trifs eaf mixtires thafehie (b inaibiftha extarnakt es,
substi tuted }dfé“sﬁ‘é’étd hﬁrﬂﬁﬁfe argmisd élﬁ@%ﬂoﬁ htﬁétn% ﬁ?dsﬁt%n@ bO“”d
zeolites, and/or crystalline or anor us a um nop tes and/ o
substituted emldmnthepbetmapmatm ca‘rtdemaxa-substntuta@rmﬁpomﬂ;ﬁ andyari(@hal | y (2) a
second conponent of aone ﬁ han, one 0 oxi des of the

orare Sorbamgase MerdagsficioRs 8a'ihE gty Sollie T réiagdiney) 493, 4C

15, and 16 (oenatidiPAS Brahepo of p@raGsutistllflﬁlted@m@tlc c8fhpuhas] Wronesadni um
pal I adi um rut henjum nanganes etc.). The fir
15 non-limiting explanation of the mechanism of the mventlon. It must be

understood that such treatment may be performed on aluminophosphate
catalyst reaction systems of this invention, but that some
aluminophosphate catalyst reaction systems do not require this para-
substituted selectivation treatment to be effective at para-substituent

20 selectivation.

The catalytic reaction systems suitable for this invention include (1)

a first component of one or more than one silicate-based materiais,
including but not necessarily limited to, crystalline or amorphous
aluminosilicates, substituted aluminosilicates, substituted silicates, zeolite-

25 bound zeolites, and/or crystalline or amorphous aluminophosphates,
and/or substituted aluminophosphates and mixtures thereof, and,
optionally (2) a second component of one or more than one of the metals
or oxides of the metals selected from Groups 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, and 16 (new IUPAC notation, e.g. zinc, copper,

30 chromium, cadmium, palladium, ruthenium, manganese, etc.). The first
and second components may be chemically mixed, physically mixed, and
combinations thereof, as will be described.



and second conponents may be chemically m xed, physically m xed, and

conbi nati ons thereof, as will be described. WO 00/74847 PCT/US00/ 13003 6
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95 wt. % silicate-based material or alumgophosphate-based material first
conponent/5 wt. % netals or netal oxides second conponent, if present, to 5

w.%silicate- bas%é‘@érﬁﬁééﬁorﬁ%{ g]ea%@?'gg&plagg%ﬁ@ggg%ﬁpoﬁ%r%?%% first

conponent/95 wt.% netals or | es se esent. It
wi || be underan@®fiorhg$ wtlie sichtecbasad materia chrralunEepbbsplihate-basedent i on may
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oxi des. In onfistal 6XTHES sEBHBcombbhet gﬁ?@@f‘ﬂ material's and

e sele

al um nophosphat e- based materi al s magl ectivated after conbination 15
with netals or nettwilide yrderstped that thersebeclivatien tegmiques ofdhised " pre-

sel ecti vati oy Ll e , .
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Zeol i t4e, mat er | suitable for this inventign include silicate-based 20
zeol | t@s andog%%'ﬁ%l W %H%%aﬁa%f.m%ﬁ' Pé@?ék%é@@at I$t'BSOML nade of

al ternating 8mbbdamdni¥Oing silicatBasisad mbrriald and BRIMIRGPRbSHHYte-HadBg €l enent
selected fromthe Goups 1 through 16 of the Periodic Table (new I UPAC) .

These types 813l96RFiMa%ba selectvatedhefog combinatipe it meialear mete channel s.
Si |'i cat e- basggidert By bR akil:v-agldi o - 25 preferred
zeolites of thli S | nven%?gﬁ{bﬁﬁgﬁ%@g %Iggatgﬁﬂcﬁyfg-r%%@g!%é dri ng zeolites, such
as ZSM 5, zZSRuminopszte-basat atedasibay betselecti@atedadftartmmntbisatibrant ages

oS ashet, SR B A B RBSEAR hRa e 2"
selectivation”, while the latter process may be termed “post-selectivation”.

One type of the zeolite materials would be silicate-based zeolites
such as faujasites, mordenites, pentasils, etc.

Zeolite materials suitable for this invention include silicate-based

20 zeolites and amorphous compounds. Silicate-based zeolites are made of
alternating SiO, and MO, tetrahedra, where in the formula 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

25 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 para-substituted synthesis systems is the
lack of product selectivity (i.e. an undesirably broad product distribution

30 results). The acidity of many aluminosilicates are sufficiently high that they
often promote many undesirable side reactions (e.g. dealkylation, multi-
alkylation, oligomerization, and condensation) which deactivate the



|l ack of product selectivity (i.e. an undesirably broad product distribution
30 results). The acidity of many alum nosilicates are sufficiently high
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the zeolite, the zeolite bound zeolite catalyst . use’in the
present pr qAEHOt peeassasly Woitedinsiicemimhasahorusmborars atinmay; zeol i ti c

oo eSS R BRSSP, L P2 L
por e Other silicate-based materials suitable for the second component

include zeolite bound zeolites as described in WO 97/45387. Zeolite

bound zeolite catalysts useful in the present invention concern first

crystals of an acidic intermediate pore size first zeolite and a binder

20 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
the present process does not contain significant amounts of non-zeolitic
binders.

25 The first zeolite used in the zeolite bound zeolite catalyst is 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,
MFS, MEI, MTW, EUO, MTT, HEU, FER, and TON structure type zeolites.
These zeolites are described in Atlas of Zeolite Structure Types, eds. W.

30 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,



size fromabout 5 to about 7 A and include, for exanple, AEL, M, MEL,
MFS, MEI, MIW EUO, MIT, HEU, FER, and TON structure type zeolites. These

zeol i t esy@o@743gscri bed in Atlas of Zeolite Structure Typasgt/esheazdls 30 H
Meier and D. H O son, Butterworth-Heingman, Third Edition, 1992. Exanples

of specific internediate pore size zeolites include, but are not limted

to, ZSM5, Zghlds ;_Zg?,{)(kj@ 00/ 74847

PCT/ US00/ 13003 8 'ZSM 38, ZZ%@#I\%%%ng% aﬁ%@iﬁgg&?%r@ eyrpeed first

zeolites ar egaligunsilicatsizeiotitaschaving an d4F hstuictgrecandvElunsinositicatee and

al um nosi | i Cféto‘ﬁteszﬁé{Jlﬂpégﬁ '\W?—‘ﬁ'ﬁﬁw IVFR structure. The second zeolite wll
e Si

usual Iy have an 1 nter Fze and 5 have |ess activity than the
first zeolite. Prﬁieasatmd zedsme wtomialliyetdvletah WnitéimedigteSptiretsand bad | y

non-acit di ¢ and str pe as the first zeolite. The
pref ert ed szbqyﬁgn%%af’?\f'@s éﬁ‘al If¥i288 tlel %@?@I@édhﬁt%mﬁéﬁph@ willsi | ica to
al uni na ol &)era‘ubs@amiaﬁﬂ?«trﬂfn é&ar& FROWRUSAV eApel Rth&irditYe ty%?\ésst df the

second zeolite is an _alum nosilicate zeolite, the second zeolite will
general | y hdfét zealite.ilhe preferedsacontreolites pee glueanmulmatarzezmesl e. g ,

500:1; 1, Oocha]vu}geé %lhcaQB%llﬁrﬂlr%%I ar%‘%quéét{e?ﬂ?armg(:) ggé’@gé‘gw . han

trace amounts e secon e ca i.e.,
a MFl type s?(ﬁi\dt&dfth@Ichohdeaeodee ialamalominailicaité lzeallltet’fhe2$ed@)nUEL type
present in the

substgnti al | d zeolite is usuall

15 zeﬁ?l te boﬁ)r{{? ‘&'&Jcﬂ%r}eég'g}a?%\f%@tsefmﬂ? ?%ﬁﬂ°|eﬂaf'ﬂ§r?%tﬁ§§¥%2996m about
10% to 60%eby., BOOONt ,EEEedeten éd?ﬁn‘&%h@épﬁlfca‘hﬁﬁswm ééntéﬁ‘Phb'h?or%nd nor e
preferably, from about 20%to about 50% by wei ght. The second zeolite

crystal s prdf@? HBFS amaunts of glumiag. EhQéeﬁmzeﬁée canraiso besilicalitecr yst al s
and_mror e pr eIt (hd bubQuenaf MCLEABTRRAL | diRafie o H( KR about 0.1

to about 0.5 mcrons. e secon zeolite cryst to bi ndi ng
the first z&ybpteatiply freelofaluminandike sezond zeolie ipestaltynpresenvih thee cat al yst

o o e} PRl 5O B A0 BN PR ol e 2805 o™ 1
resi stant tdo&0% bymaight based on the weight of the first zeolite and, more
preferably, from about 20% to about 50% by weight.
The second zeolite crystals preferably have a smaller size than the
first zeolite crystals and more preferably will have an average particle size

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

25 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
converting it to the zeolite bound zeolite catalyst. Next, a silica-bound
aluminosilicate zeolite can be prepared preferably by mixing a mixture

30 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.



25 The zeolite bound zeolite catalyst suitable for the process of the
present invention is preferably prepared by a three step procedure. The
first stvepooedt ves the synthesis of the first zeolite cracatesos/ipooBor to
converting it to the zeolite bound zeolg9te catal yst. Next, a silica-bound
alum nosilicate zeolite can be prepared preferably by m xing a m xture 30

conprising tihe: fhalstePR theGanoeiors bRlhe sifics prdsent BtheiliceRbourydt er and

optionally an extrusion aid and, optionally, the metal conponent until a
homogeneous @eilPta epcqnd zalits wihishosenias é@(bmﬁidtélﬁl fissizanlite gesialops. WO
00/ 74847 PCR} 13003 9 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 zet hotedcaluminbshosphgie-based Asatedaisdnapbeniseddhosphat e- based
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catalyst |if@S Y'I‘:;Gh E@?effg{aééf:r qr AcidlycelERipatas Mapy Sideor t hi s
i nvention i nehéiths, Kls@d FEHAIARBOSIRALISN b@rﬁ?@xt@%@%‘aﬁdlﬁst%@ amor phous

conpounds. Al um nLgPhOS phat e-based materials are ma al ternating AL04
and P04 t et r ahedruitheusatalytic reaction systems suitable f@-thisdnyentianFoagluge, - 17,

185, aﬁaﬁnnwg@gs@&e)bas& mé s AT %ﬁjré'ﬂ%ﬁslﬁoﬁf?éﬂﬁgs or 12- (Al P04-5,

-31 etc ) en ring annels are neutral, 15
substi tuti omlomirmprmsnhaire tPasmp mater[msam mdbmteﬁimh@eAImtamdBOQS a

ti h f t t
nordity. By tmhediay rmedE RSN ety foun®r i SoABEraf 7oAl BT turne
the neutral3dhig@retc gonpagid. Imnow 1&41%tc F)orHth PGES, I-@?r efc.)

aci di c- ternar% 20 conposition (S based SAPO nol ecul ar’ si eves, such
as SAPO 5 mbe[%oxygpﬂ nnngwnng)s Almpughgéqleapre nggtraktc. Acidic

ternafy Comﬁhflﬂuﬂaﬁ of ABnalct B cSiGA fith RwsHGirbL Wikl Rl ent netal

lons for alumn
negatlve charge in the framework, which is countered by cations imparting

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

20 composition (Si, Al, P) based SAPO molecular sieves, 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

25 like. Acidic materials such as MgAPO (magnesium substituted), CoOAPO
(cobalt substituted), FeAPO (iron substituted), MNnAPO (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 FeEAPSO (Fe, Al, P, and

30 Si), MgAPSO (Mg, Al, P, Si), MNAPSO, CoAPSO, ZnAPSO (Zn, Al, P, Si),
etc. Other substituted aluminophosphate-based materials include EIAPO
and EIAPSO (where El = B, As, Be, Ga, Ge, Li, Ti, etc.) As mentioned



generating the MeAPO materials. Me is a netal ion which can be sel ected
fromthe group consisting of, but not limted to, My, Co, Fe, Zn and the 25

like. A4 erials such as MJAPO (magnesi um subst i tutP%L})[U @Y V)
(cobal t sugﬁ gﬁjt ed), FeAPO (iron substisnuted), MAPO (rranganese

substituted), ZnAPO (zinc substituted) etc. belong to this category.
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Sone exarrpl eboeorg aitivemyb elagnesian aospoants Vaske Bnt NG liNE Sadd @itthfat ment  of
t he at&v ti onﬁd 20 catalytic reaction systemmaterials with proper

chem c
The preparation of the catalytic reaction systems can be

accomplished with several techniques known to those skilled in the art.
Some examples are given below.
Para-selectivation involves the treatment of the above mentioned
20 catalytic reaction system materials with proper chemical compounds of
elements selected from Groups 1-16, and mixtures thereof. The
composition of the selectivated catalyst may range from 1 wt.% of the
selectivating elements/99 wt.% of the first component to 99 wt.% of the
selectivating elements/1 wt.% of the first component. By “selectivating
25 elements” is meant the elemental portion of the elemental form or
elemental oxide form of the selectivating chemical compounds.

Some para-substituent selectivation treatments are known, e.g.
using silicon compounds. Other compounds that may be used include, but
are not limited to compounds of phosphorus, boron, antimony,

30 magnesium, and the like, and coke, and the like. Para-substituent
selectivation treatments of the materials of the above catalytic reaction

systems can be carried out either prior to the selective formation of PX (ex



el ements selected from G oups 1-16, and m xtures thereof. The conposition
of the selectivated catalyst may range from1l w.%of the selectivating
el enment sy@9o/mis4P0 of the first conponent to 99 wt. % of thecTaegdoeasdoyati ng
el enents/1 w.%of the first conponent.{1By "selectivating 25 elenents” is
meant the el enental portion of the elenmental formor elenental oxide form

of the sel eCé/tu\y@Trldﬂﬁn@hﬁ@@@forﬁ@ﬁ@ﬁ%%tu SeBePPK Fornddr A818MHon-
selectivation treatnments are known, e.g. using silicon conpounds. O her
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dur i ngdthe PERMAPE e e BroSilr G e PR BiR ket i 11 ¢ ng
exanpl e. | n bdwed oh tHe coresidurdtioe tHat Hy%pﬁﬁitﬁ@tcbnlétslnm@t@ga@é@ nedtérialadded
with the feed to the reactor contal ni ng? a catalytic reaction system 1In

mor e detai |, O AUBHIORRGRPIR239%5 BALSE ABRET Bore PEBIRRERIcNEor 5 |
sel ecti vati ngg bh@m@@énwb@flnﬁoaﬁ&@wdwaﬁeqobfb%|mo®ﬁe9{hetéHaf‘nrab tlon s
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cati ons. ThGB&lEQanYBtIng aﬁfmambnea-mmlgezemmmsach fhreoAS Mblaeuilyl (@sg. 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 molecules
containing carboxylic and/or phenolic functional groups, including but not
20 limited to phthalate, ethylenediaminetetraacetic acid (EDTA), vitamin B-5,
trihydroxy benzoic acid, pyrogallate, salicylate, sulfosalicylate, citrate,
naphthalene dicarboxylate, anthradiolate, camphorate, and others. The
metallic cations can be selected from the element(s) of Groups 1, 2, 3, 4,
56,7,8,9,10, 11,12, 13, 14, 15, and 16 (new IUPAC notation). Other
25 compounds for selectivating the silicate-based and aluminophosphate-
based materials include, but are not necessarily limited to silicon,
phosphorus, boron, antimony, magnesium compounds, coke, and the like,
and mixtures thereof.
Selectivation of silicate-based materials and aluminophosphate-
30 based materials with the above-mentioned organometallic salts can be
accomplished by various means. For example, one can use impregnation

of a solution of an organometallic salt onto a silicate-based material or



cont ai ni ng carboxylic and/or phenolic functional groups, including but not
20 limted to phthal ate, ethyl enedi am netetraacetic acid (EDTA), vitamn
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herewith, such as those seen in U.S. Pat. Nos. 5,476,823 and 5,675,047.

In one embodiment, the same elemental metals and/or metal oxide

second components used in the catalytic reaction system can be used
20 alone or together to selectivate the silicate-based material or
aluminophosphate-based material components.

The catalytic reaction systems can be prepared by adding solutions
of elemental metal salts either in series to or as a mixture with the fine
powder or particles such as extrudates, spheres, etc. of the unselectivated

25 silicate-based materials having one dimensional channel structures, or
optionally ex situ selectivated silicate-based materials, unselectivated
aluminophosphate-based materials, or optionally ex situ selectivated
aluminophosphate-based materials, until incipient wetness is reached. The
solvent (water or other solvents) can be evacuated under heat or vacuum

30 using typical equipment such as a rotary evaporator. The final product is
dried, calcined, and pelletized, if necessary.
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If the catalytic reaction system is mixed with a binder, such as silica
gel or sol or the like, an extrudable paste may be formed. The resulting
paste can be molded, e.g. extruded, and cut into small strands which can

20 then be dried and calcined.

The catalytic reaction system can also be prepared by mixing
physically the particles of silicate-based material or aluminophosphate-
based materials components and the particles of the metal and/or metal
oxide second components, if present. The same metals and/or metal

25 oxides can also be used alone or together to selectivate catalytic reaction
systems and thus simultaneously catalyze syngas and/or other reactions.

The catalytic reaction system can also be formed by packing the
first and the second components, if present, in a stacked-bed manner with
some of the first component in front of the physical or chemical mixture of

30 the first and second components.

Prior to exposing the catalysts to the feed components of toluene

and/or benzene, Hz, CO, and/or CO, and/or methanol, the catalyst



before use. If the catalytic reaction systemis mxed with a binder, such
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net al s and/ NViseR@ENDE.@x1-80% Hain Aesat He0-H98Can ateyEt-AeX to

sel ectivat e qgat %I(y:;kqov% ?6&“48:?@??”5 and thus sinultaneously catal yze
syngas and/ or other reactrions catalytic reaction system can al so be

fornmed by packi nghereverage trystal sizeeoktheandstalsnpdnestisate-baggdesent, in a
st acked- bed nner W, th f.the first ¢ onent | ront, of the
Shoci ol or MRSt on AilghindiiEEpRateiiedd bl B B erab B ARt o pri or
to exposi ng mhﬁ]l@@h&bmt 100 nhierdnee ehare pefeesthls froim hbbutenenicrandbor

benzene, and/ or CO2 and/or nethanol, the catal yst WO 00/ 74847
PCT/ US00/ 13@@9“1 FUGOSon systens can optlonally be activated under a

reducing enviromyeadddres %o dét&&@é’@?s&l@@eé\‘e KrRvrPfSersBnd skilé@0 at m
(1.01 x 105 - 2.03 x 107 Pa) for hours. The average crystal size of

the crystal é the amdFen lnst@ac@r ms@djsaermaxebeaietgrrmlaedmrﬁcw}byrbaiaﬂ@abased
rer dory SrBRsarhiba et ficostors EMT Riis R ¥srttteblie s ™
determ ne crpsipi obtheecrgstalknown to persons skilled in 't he art For
e, oS T S S TS b b B 2Damu 201
the crystal $roddte wiitRIcuAbe @rribdiotit B \EHatcR BypEsehf-cénBAubls 8r et hyl ation
process which can be carried out as a batch type, senm -continuous or
continuous operation utilizing a fixed or moving bed catalyst system.
15 Multiple injection of the methylating agent may be employed. The
methylating agent includes CO, CO, and H; and/or CH3OH and
derivatives thereof. The methylating agent reacts with benzene to form
toluene. Toluene reacts with the methylating agent to form a xylene,
preferably PX in this invention.
20 Toluene and/or benzene and the methylating agent(s) are usually
premixed and fed together into the reaction vessel to maintain the desired
ratio between them with no local concentration of either reactant to disrupt
reaction kinetics. Individual feeds can be employed, however, if care is
taken to insure good mixing of the reactant vapors in the reaction vessel.
25 Optionally, instantaneous concentration of methylating agent can be kept
low by staged additions thereof. By staged additions, the ratios of toluene
and/or benzene to methylating agent concentrations can be maintained at
optimum levels to give good toluene conversions. Hydrogen gas can also
serve as an anticoking agent and diluent.
30 The method of this invention, particularly when using para-
substituent selectivated catalytic reaction systems, stabilizes catalytic

reaction system performance and increases catalytic reaction system life.
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agents which react with benzene and/or toluene to produce PX, e.g.
However, because the methylating agent is produced on a local,
molecular scale, its concentrations are very low (as contrasted with
feeding a methylating agent as a co-reactant). It has been demonstrated

20 that feeding a blend of methylating agent and toluene to make PX
increases coke build-up and hence catalytic reaction system deactivation.

In one non-limiting embodiment of the invention, the catalyst activity
decrease is less than 0.5% toluene and/or benzene conversion per day,
preferably less than 0.1%,

25 In carrying out the PX synthesis process, the feed mixtures can be
co-fed into a reactor containing one of the above mentioned catalytic
reaction systems. The catalytic reaction system and reactants can be
heated to reaction temperatures separately or together. Reaction can be
carried out at a temperature from about 100-700°C, preferably from about

30 200-600°C; at a pressure from about 1-300 atm (1.01 x 10°-3.04 x 107
Pa), preferably from about 1-200 atm (1.01 x 10°-2.03 x 10’ Pa); and at a
flow rate from about 0.01-100 h™* LHSV, preferably from about 1-50 h"



capability of preventing or reducing the side reactions of the nethylating
agents with thenselves, and in particular that the para- substituent

sel ect i we ewl7484it al yti ¢ reaction systens function to catalPeZ&NyLW03 han one
15 reaction, that is, that a syngas reatdion is catalyzed to form
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can be carried oltis gbndeitRaRat iH e SEomarmdxoddscBed didve, tHecloRlerel y from
about 30 200-600C;, at a pressure from about 1-300 atm (1.01 x 105-3.04 x

107 Pa), prERPgRUEfMaRbiiurewithhenzang. 1T eibenzens magalkylatg#opa) ; and

at a | ow r - = I t 1-50
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conposi ti on bénzéne Maydisd ephandeheatl and/onselectbfity ld@h@O{.and/ or C02)/ aromati c
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formed from Upektratedrteiuent, whibss armixyurei ofitbiaené @ndysimilgeboitinget her with
car bon nonoxi de en@gﬂ/ or carbon nonoxi de, and/or nethanol,_but al so

di net hyl et hefang D% 8Rfl BErFENS e PRSEEREIN 98¢ SARROMARL HYISNAMRIB. 1t is
conceijgabl e bF@ﬁiuhﬂekt'ﬂﬁctéﬂ%@aéhé,se&%ﬁﬁélil;bﬁﬁ're%mé%e, bRE exfabie  can be
pure, or in a mxture wt enzene. The ‘benzene may al kylate to
aromatics, essentially a relatively pure mixture of toluene and benzene,
may also be used. Unextracted toluene and benzene which contains
toluene, benzene, and olefins and paraffins that boil in a similar range to
that of toluene or benzene, may aiso be employed. When unextracted
20 feedstocks are used, it is important to crack the paraffins and olefins into
lighter products that can be easily distilled. For example, the feed may
contain one or more paraffins and/or olefins having at least 4 carbon
atoms; the catalytic reaction systems have the dual function to crack the
paraffins and/or olefins and methylate benzene or toluene to selectively
25 produce PX.
Indeed, some of the catalytic reaction systems of this invention may
be multifunctional in some embodiments, catalyzing a reaction or
reactions of CO, H,, and/or CO, and/or methanol to produce a methylating
agent, catalyzing the selective methylation of toluene and/or benzene to
30 produce PX, and catalyzing the cracking of paraffins and olefins into
relatively lighter products.



10 toluene, and/or ultimately to PX, with or wthout recycle. The presence
of benzene may al so enhance heat and/or selectivity control. The PX net hod
i s expeavedoiqsiol erate many different kinds of feed. Ungqgtuamiigshst ol uene,
which is a mxture of toluene and simlgr boiling range olefins and
paraffins, is preferred in one enbodi nent. For exanple, 15 prem um
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pr odu § PX, and catal yzing the cracking of paraffins and olefins into
relatively lighter products. (2,0 |¥4 O 13003 17 The PX net hod

i s capabl e of producing m xt I px conprises at |east 30
wt.% of the mxture, preferably at |least 36 w.% and nost preferably at

| east 48 wt.% The nethod of this invention is also capable of converting
at |east 5 wt.% ofhisgKampiwdiustraiesrpe lack ofparasseectivity roof ary| enes,

st oot ARAL PR olhe FRRRUTIAERER Hehtlid 1T 12 (o ue
under $% ood tzextite had @ SiCaii}@sratiaraf 38 Mtelvas tddted tt tg stenditiormeéiur e and t hat
the present A%’dl&eﬁ tmospﬂerlc pressure (1.01 x 10° Pa), 7 WHSV (weight hourly

space velocity), and a toluene to methanol molar ratio of 1. Test results

indicated that one hour after cutting in the toluene/methanol feed, toluene

conversion was at 46% and the PX concentration in the xylene-fraction

20 product was at the equilibrium value of 24%, indicating the lack of
selectivity toward PX.

COMPARATIVE EXAMPLE I

25 This example illustrates the loss of zeolite activity or conversion
from conventional selectivation techniques that use compounds which are
small enough to enter the zeolite channels. An aqueous solution of
magnesium nitrate was prepared by mixing magnesium nitrate
hexahydrate and water on the basis of 0.71 gram per gram of water. The

30 solution was used to impregnate a ZSM-5 (SiO./Al,O3 = 38) zeolite
powder at a ratio of 1.35 cc solution to 1.50 g of zeolite. The mixture was
heated at 75°C to evaporate the water. It was then dried at 120°C for 6



necessarily limted thereto. 10 COMWPARATI VE EXAMPLE | This exanple
Illustrates the lack of para-selectivity froman untreated ZSM5 for

t ol uene W@ DKI484t i on with nmet hanol. The ZSM5 15 zeol it e PCAdUSHOFID2/ Al 203
ratio of 38. It was tested at the condit8ons of 450C, 1 atnospheric
pressure (1.01 x 105 Pa), 7 WHSV (weight hourly space velocity), and a

tol uene to mebbe)et 260tGforr BRiMRUEf arld all860°C RBUI2 Hout, B CCREACIdAéd one hour
feed, toluene conversion was at 46%

after cuttin t ol uene/ met hanol

and the PX cghéﬁg $§1r| Hhoyrs- AralyRiy ke zeglite spmple "B?'Gatﬁgtthﬂ/hgoﬁt t he
ilibri tiyt oward PX.
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heated at 75flténevamarsion W29 &fd PXt comentritn ﬂ’(th%dxy%né-?r%@tléﬁ” 6 WO
00/ 74847 PCT/ USO0O/ 13003 18 hours, at 250C for 1/2 hour,” and at 300C for

1/2 hour, anBAd4chWesi28%ed at 500C for 3 hours. Analysis of the zeolite

sanpl qgi ndi cat ed ffiglec Afa 16t e PR RAUB X bil I REm AR B 10\ L1 2"

dep05|ted on the zeolite. ort eated zeo was tested
for toluene treated zadlitsmn Thig thcm;i teatphent Thiset ds¢ M@(3 onazadlitsifront 0.86 t he

after outting s aeYeckiUBErmdaion ettsh WasSEdmateitofeent r at i on
in the xyl enehdwed i tolueneraatvetsiosf $8% and a PX concentration in the
xylene-fraction product of 90%. Comparing Example il to Example |, it is
15 apparent that an increase of PX selectivity from 24% to 90% lowered the
conversion from 46% to 18%.

INVENTIVE EXAMPLE il

20 This example illustrates the use of bulky organometallic salts for
zeolite selectivation. An aqueous solution of lanthanum nitrate was
prepared by dissolving 18.0 gram of La(NO3);-6H,0 in 80.0 cc of water. 60
cc of 25% ammonia solution was added to the lanthanum solution with
stirring. The addition was completed in a period of 10 minutes. The

25 precipitate of La(OH)s was filtered and suspended into 300 cc of water.
13.7 gram of ethylenediaminetetraacetic acid (EDTA) was added to the
suspension with stirring to obtain a solution, which was boiled and
concentrated to obtain a La-EDTA solution with a concentration of 0.02
gram La per cc of solution.

30 11.4 cc of the La solution was used to impregnate 2.0 gram of
ZSM-5 zeolite (SiO./Al,0O3 = 38). The mixture was heated at 75°C to
evaporate the water. It was then dried at 120°C overnight, and calcined at



10 The selectivation treatnent was repeated on the remaining of the
treated zeolite. This second treatnent raised the MgO on zeolite from 0. 06

9/ g to Owbdogssaz Tol uene nethylation results on this doubperikapisgss zeolite
showed a tol uene conversion of 18% and 3agPX concentration in the
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et hyl enedi amAwaeérfta/agérelcﬁv@tmrﬂuélﬁ%%une%rg%fﬂ%ﬁ’etémcts'&ﬁ SUTHSRENS! on wi th
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a La- EDTA solEHTAWasi alie fo twreasa p&rta-sﬁie@ivmv mlfl@anim with paly sraalbf

solution. 30 La solution was used to inpregnate 2.0 gram of
ZSM 5 zeol i teésgss'ﬁoz%f’/&%z%%mysea) The m xture was heated at 75C to

evaporate the water. It was then dried at 120C overnight, and cal cined at

WO 00/ 847 PCTI USQ0/ 13003 19 C nal ysis of the zeolite
sanpl e%flndl cated that 0.14 grarr g {l@%@g‘gﬁﬂ;ﬁﬁ of zeolite was deposited
on the zeolite. The La-treated zeollte was tested for toluene nethylation
with nethanol at the same conditions as that in Exanples | and Il. Test

results 5 indi catl/8i exaraplgdiiesteios thesusmobanabes aukhy@rgao@aetaﬂtq sdlty of 81
% _Appar e”“Y@rz%‘?JIl?é:ééIé@ﬁ\}anBnuﬁh oBE's%YutBﬁQﬂ:l\?g@ Spf}%b Ld;h as La-

EDTA was able to increase para-selectivity sign smal |
| 0ss in zeol byenixig 128.95 giaf MoWEDE)L-BHEXANIPOED Water. 60 cc of 25%
15 ammonia solution was added to the Mg(NO3), solution with stirring in a 10
minutes period. The Mg(OH), precipitate was filtered and suspended in
500 cc water. 66.36 g phthalic acid was deeded to the suspension with
stirring and heating to obtain a clear solution, which was boiled and
concentrated to 300 cc. It was cooled to room temperature and filtered to
20 obtain a Mg-phthalate filtrate having a concentration of 0.017g Mg per cc
of filtrate.
2.05 cc of the Mg-phthalate solution was used to impregnate 2.01 g
ZSM-5 zeolite (SiO,/Al,O3 = 38). The mixture was heated at 75°C to
evaporate the water. It was then dried at 120°C for 6 hours and calcined at
25 500°C for 8 hours. This procedure was repeated twice to obtain a 3-time
selectivated zeolite sample containing 0.075 g MgO per gram of zeolite.
Results of toluene methylation test showed a toluene conversion of 39%
and a PX selectivity of 84%, indicating again the effectiveness of bulky

organometallic salts for zeolite selectivation.
30



This exanple illustrates the use of another bul ky organonetallic salt for
zeolite selectivation. An aqueous solution of MJg(NO3)2 was prepared by

m Xi ng 5R800Msg7 of My(NO3) 2-6H20 in 300 cc water. 60 cc opcRBSoAZ0BMONI a
solution was added to the My(NO3)2 solghion with stirring in a 10 mnutes
period. The My(OH)2 precipitate was filtered and suspended in 500 cc
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Zn(N03) 2 with NHACH. 22 granms of .41 granms of Zn(N03)2
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were then mhéﬁﬁshiaﬁg%ﬁﬁ W d\l{ﬁél %\M@/h&ﬂ,ge?gég‘%gd}j;brgg{eéed sol ution

with stirring esolutlon 8. The
pr eci pi t at e maisl cDXIdiesawedegrmUndlatmpewdelrs This precipitate was dried at a

t errpelrét ure of 12[?1e ca?alyf'L IC reaction system was prepared by physically mixing
powders of a composition of 50% (w/w) Cr/Zn mixed metal oxides and
50% (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
20 pelletized and screened to 8-12 mesh (0.89-0.73 cm) particles.

COMPARATIVE EXAMPLE VI

This example shows that the synthesis of xylenes with syngas
25 alkylation of toluene can be achieved in a catalytic process as disclosed in
a prior process. However, this example indicates that this process cannot
achieve high para-xylene selectivity when the aluminosilicate component
in the catalytic reaction system is not modified for shape selectivity. The
catalytic reaction system was prepared as in Example V. The catalyst was
30 reduced at 350°C under 5% H; (balanced with 95% N.) for 16 hours at 1
atm prior to reaction.



hours, and then calcined in air at 500C for 6 hours. These Cr/Zn m xed
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that this pratadke. caﬁﬁ@lﬂg 30513 ¥Vi®' iaghTheVEHRY (&H@lgbéH@UtWﬁP{a}EGV\hen tgef |
| |
? Olrjmsﬂg%'e ;gﬁ%&cﬁt‘?w@g%ﬁ%t bcat {%‘? t@ﬁ&ﬁé%fhcre%ﬁ@ L FRe SREHFLR JI'é ot modifie

Feacti oh Systemwas’ prep Ared as in
Exanpl e V. Trﬁmtatatésgé.\temmsTaﬂe rIeSuméaf tatpridh G& mpdetedS%d—%lé@tah@mfed with

95% N2) for 16 ho at m ti o VO 00/ 74847

peT Lsbar 13089 eRnd xileny 1§ b0 8iasF b s Elfisedd UL  n co-f eed
of syngas ( (SlémnslcoReraivth dfgi8Nean kyleRe serEeavit) bom ab, H2/ CO t ol uene of
2/1/0.5 (nolar ratlo), a tenperature of about 450C, and a pressure of

about 18 atm(i.e., 250 psig, 2.53 x 107 Pa). The WHSV (Wi ght Hourly
Space 4p Vel ocity) was about 3 h-1 fo |lgigne with respect to the catalyst.
Test results are given in Table 1. glérﬁ‘l%‘ to prior art reported, the
selectivity of para- MMhemsmﬁ(BXermquZ‘eommmtm%ctWated is close to
equilibrium th t ne conyers of 286 an | ene sel ecfivity of
71.1 % 10 TM 0 PX—Q&%&—@@#M m&é%” vatm.
% H2 conv. % Tol uene cony. % Xyl ene select. PX sebgct. % 31.7 17.1 28.6
71.1 25.0 | NVENTI_VE EXAMPLE VI | -

31.7 17.1 28.6 71.1 25.0

INVENTIVE EXAMPLE VIi

15 This example illustrates the preparation of para-alkyl selectivated
ZSM-5 zeolite with magnesium oxide as the selectivating agent. 11.68
grams of magnesium hydroxide was mixed with distilled water. To the
solution was added 20.44 grams of ammonium nitrate and 33.54 grams of
phthalic acid in sequence. The mixture was heated to obtain a clear

20 solution, which was cooled to room temperature before use. 14.80 grams
of the solution was mixed with 7.77 grams of a ZSM-5 zeolite (SiO,/AlO,
of 50). The mixture was heated to evaporate the water solvent. The
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

25 contained approximately 9 wt.% of magnesium oxide.



15 This exanple illustrates the preparati on of para-al kyl selectivated
ZSM5 zeolite with nagnesi um oxi de as the selectivating agent. 11.68 grans
of magn®? Wi4Bd7dr oxi de was m xed with distilled water. T&CITAS00/E®Pt i on was
added 20.44 granms of amoniumnitrate &ad 33.54 grans of phthalic acid in
sequence. The m xture was heated to obtain a clear 20 solution, which was
cooled to roomtenperature before use. 14.80 grans of the solution was

mxed with 7.77 grans of a ZS ﬁ | i 'ﬁ 02 of 50). The m xture
was heated to evaporate the mai ning solid was dried
at 120C for 12 hours and cal cined at 500C for 8 hours with air purge. The

para-al kyl sel ectivated ZSM5 zeolite 25 contai ned approxinately 9 wt. % of
magnesi um oxi de. m@@sam@rhustmtﬁ@stb@pr@watlomfam@mtwe eXRRPLE VII| This

exampls 111 \shagiereddin 4 SR 208l R1BL0R LydterClorBiee (WYL ¢

reaction syste reac rises and Zn
m xed net al arvdﬂemlxmme(tﬁl)omm ramdi (Ri) Mg(l}kﬁ’(ﬁMéd PedEM-8 zentite with & 02/ Al 02

f 38. Th t d Ex le VII
Dsed. The. M THATO BR P8 HRe sBEE BiRPACRi b oo P s A ebgVER B eci pi tat | on
of_in(\03) 2 EoshglB VDR sk I arks 24 ReGTISel ofabOWRG) 2 and 13. 44

granms of Zn(N03)2 were dissolved in 100 distilled water separ ately. The

two sol uti orf¥enied QW%@TPH@@&@ENW@R&M@GNOQNHH@]ZWQM with WHs@td -t o t he
d [ uti t hed
Bbout 19 5. HamSAIMANGDL B 4344 ol Bl ZntONE ke diS R i AU o ot e
was dried atdlallfeémﬁteasep@atﬁly 1'E}GIEJW@BomBonSWemetrti$en mixed togethel ci ned in
t 500C . {a d dint
Sowdor s T VG Y S8l A MG Bk Mt solMBodi S0, B Saf W s i g

powder s of a/athmbmietéd]umdﬁre@@%dwbwmwmherp'r&elﬁlta%t\&és fikedeisarand  50%
(ww) MO m)dlfleddHi_ SM5 zeolite. Powders of 2.0 grans_of 20 M/ Zn m xed

met al oxi dedCEAPISC 'ﬁ%c'aftatﬁtﬂ?%ﬁﬂﬂ eéa tPF“ESMtEJre b0 efaRde ni xed
thoroyghly inbiuds Hrid'Hen®taBhédin aif B8 500%C forehaldst These Mn/zn mixed

metal oxides were ground into powders.
The catalytic reaction system was prepared by physically mixing

powders of a composition of 50% (w/w) Mn/Zn mixed metal oxides and

50% (w/w) MgO modified H-ZSM-5 zeolite. Powders of 2.0 grams of
20 Mn/Zn mixed metal oxides and 2.0 grams of MgO modified 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

(0.89-0.73 cm) particles.

25 INVENTIVE EXAMPLE IX

This example illustrates that metal oxides other than 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

30 toluene. in addition, this example demonstrates that high para-xylene
selectivity can be obtained when the aluminosilicate component in the
catalytic reaction system is modified for shape selectivity. The catalytic



reaction system powders were pelletized and screened to 8-12 nesh
(0.89-0.73 cm particles. 25 I NVENTI VE EXAMPLE | X This exanple illustrates
t hat netah oexdsges other than Cr/Zn mixed nmetal oxides arg@§015085t abl e as
one of the conponents in the catalyticogreaction systemused in the xylenes
synthesis with syngas al kylation of 30 toluene. In addition, this exanple

denonstrate ' - I | ' en the

al umi nosi | i 28%%@‘0%{?3%8%? R@dr?gg8€35§|53‘ghp\{¢ &i‘é-?ﬁﬂ%%@%ﬁ“ﬁ?ﬁ%%ﬂi fied for
shape sel ectsysieny washredoad¢dby 850°C\ONOEY F%34 (HAIAn ddsDWith B3B8 N2 Borrkact i on
syst em was g{@g} areg ?s i n Exa%rgl e VIIl. The catalytic reaction system was
reduced at | ghd&atm-an of {1 ed with 95% NO for 16 hours at 1 atm
prior to reacti ofhelfRcti®RWdsUbntRetetPMIERRAiILNESHdiSdiE trthosemsi tions to
those in 5 Exanple VI. Test results are_given in Table 2. The para-xyl ene
sel ectd vi t y EXampg\dnkestirgsuitpate gigendn wable 2-olhreparacsyioee selaetivity 10. 9% and
xyl ene sel UMhLY Ao ﬁg;?r%mev 6/h —xyl ene

sel ectivi ty%l&gl\%%rﬁ) P@gtnt ?/ A’S&Eﬁﬁgggné\ﬁgn e na?fum'?léos??(:'[j)gg%gécorrponent

i s nodi fied selentivithah85 48b.cCoinpated talbxarmpleV/ 2 ti8y pateexylenefselXtivisy ng

Zeolite Modified.for, Shape Selectivity, CO cony. % H2 cony.. % Tpluene cony.
% Xy ene sel'bseniisapy SAREREEA §REk e Suirgng8ikae Lo RpdRitis RANE - ExavpLe
X 15 Thi s exferphapd selestivigt es that the tol uene conversion can be increased
with qui m | ar high para-xylene selectivity when the reaction operation
conditfons are optim zed. The catalytic reaction systemused in this
exanpl e was conprised of a conpositi PEA1) 50% (ww C, Zn, and 20 My
m xed netal oxides, and (2) 50% (w dified HZSM5 zeolite

Synthesis of PX using Zeolite Modified for Shape Selectivity

COconv.% Hrconv.% Tolueneconv.%  Xylene select. % PX select. %
11.7 5.6 10.9 85.4 76.0

INVENTIVE EXAMPLE X

15
This example illustrates that the toluene conversion can be
increased with a similar high para-xylene selectivity when the reaction
operation conditions are optimized. The catalytic reaction system used in
this example was comprised of a composition of (1) 50% (w/w) Cr, Zn, and
20 Mg mixed metal oxides, and (2) 50% (w/w) MgO modified H-ZSM-5 zeolite
with a SiO,/AlO, of 38. The Cr, Zn, and Mg mixed metal oxides were
prepared in a similar method as described in Example V with co-
precipitation of Cr(NOj3)s, Zn(NO3),, and Mg(NO3), with NH;OH. The
magnesium oxide-modified ZSM zeolite was prepared as described in
25 Example VIII. The catalytic reaction system was prepared by physical
mixing as described in Example V. The catalytic reaction system was
reduced at 350°C under 5% H; (balanced with 95% N3) for 16 hours at 1
atm (1.01 x 10° Pa) prior to reaction.
The catalytic reaction system was evaluated with co-feed of syngas
30 (CO and H;) and toluene with a varied composition of H,/CO/toluene, a



with a Si02/AI02 of 38. The Cr, Zn, and My m xed netal oxides were
prepared in a simlar nethod as described in Exanple V with co-

preci pi twnioon4sa? Cr (NO3) 3, Zn(N03)2, and My(NO3)2 wi th NHACHUSK 3003
magnesi um oxi de-nodi fi ed ZSM zeol i t e2gias prepared as described in 25
Exanple VIII. The catalytic reaction systemwas prepared by physical

m xing as t&ﬂgéfdt@f%dfrd)m £5ADHT \éndT@Qré‘s%ﬁJ?é m th(é ﬁaﬁ?@tdquiB 28/§trﬁm was
reduced at 350C under 5% H2 gbgl anced 16 hours at 1 atm

(1.01 x 10%&-290-399 86ig: 8-3%0dPi-8r5 X118 Ear) aT@R V‘(:H$¥a(¥‘t’¢'6ht Hgutiem was

Comosi t1 Shep By eEPNaea R a5 S8R N @BRP 19803024 ¢ orper at ur e

from 450- 4:atx]m|c radtian pye@sur Some mfrtbe testgesalts ad S8ovan in Tableed. 250- 390

, 107- 3. - Vel oci
ar a1 r i TVETHERE S gl B Salet oot ves Rt e B lTe o react i on
system Seimilarfpdrhylersd selestiity wigsretreheastiom wbaldperdtedsatAs shown in Tabl e

3, a toluene conversjon of 34% was achi eve si m | ar, para-xyl ene
sel ect i vi t§MRAEIUE Ga 460 @na\%%s%%%?@dg%ta“ﬁ%g%rﬁ’ﬁ@rbtalﬁ‘F’@pof ca. 460C, a

pressur e QUHEY: ofih. a8 38PidATL With Foshett t/EANAIC @Bctidn Sydter. for Lol uene
Wth respect to catalytic reaction system 10 TABLE 3 Synthesis of PX using
Zeolite Modified for Shape Selectivity Reaction Tenperature, C 460 460 460
47510 Reaction Pressure, psig 250 M%ZSO Reaction Pressure, Pa 2.53 x
107 °3.95 x 107 2.53 x 107 2.53 x osition, nole ratio 2/1/0.25
2/ 1/ 0. 25 2/ 1/ ByhtiZéslis bfPX MG Zbolitd Maldifi é‘dtfai ShhbeJSéie&tiﬁitﬁ 3 CO cony. %

18.4 29.2 17.4 1 cony., % 6. 4 7.4 7.6 Tolu cony. 6.0 34.7
13.6 15.5 %ﬂt'eﬂg‘%@%’@we%% 2 8&@ 82.4 #4603 px sggéc %74} 75. 2

88. 0 85. 1 Reaction Pressure, psig 250 390
Reaction Pressure, Pa 2.53x10" 3.95x10" 253x10° 2.53x 10’
Feed Composition, mole ratio  2/1/0.25  2/1/0.25  2/1/0.5 2/1/0.5
WHSV, h™" (Tol./Catalyst) 1.5 1.5 3 3
CO conv. % 18.4 29.2 17.4 18.1
Ha conv. % 6.6 9.4 7.4 7.6
Toluene conv. % 26.0 34.7 13.6 15.5
Xylene select. % 84.2 80.1 82.4 86.3
PX select. % 74.5 75.2 88.0 85.1

COMPARATIVE EXAMPLE XI

15 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 (0.89-0.73 cm)

20 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, 3.55 x 107
Pa), and 8 h™* WHSV. The feed was a mixture of toluene/methanol with a



COVPARATI VE EXAMPLE XI 15 This exanple illustrates the problens of |ow

nmet hanol selectivity and fast catalytic reaction system deactivation
associ atwo oei7sda7a | ow aromatic/ nmethanol ratio and one-ti peT/vSiNNG0GI

i njection. The catalytic reaction systemwas extrudates of SAPO-1 1

materi al obtained fromUOP. The extrudates were ground and screened to
812 meshidlafn o3, 6ed Jodlits 6 GlaRTH PaoROG iden At o™ 10 hours
prior to use e catal reaction system was eva uat ed at 350C, 25 atm
(350 psi gmahaﬁolﬁelentltha!)eprmdgrdm 70VHB\o St % ower adestapariodtafr e of

Test 1 osuPtdChTe gribiotentle Yo wes et sefge TidaRel 0 ' 7
sel ecti vi ﬁ'cyadmrm&ﬁd demetivatibrOss indicdied bYotoy eecredsas) tahesneod of 24 hours.

Furthernore, the syste S riencing a severe catalytic reaction
system de&@f‘Y‘?fétqrb% {8%@ @g/%y t he decreasing toluene 5 conversion

from18.5%to 15.1 % TABLE 4 Synthesis of PX with Low Methanol Selectivity
and Catal yst Deactivation Toluene/ Methanol (nole) 3.6 Hours on Stream 2
24 Tol uene Total Conversion 18 5_%B_|5_E_ﬂ % Tol uene Conversion due to

Di sproportiong . ) aJt gon 18.5 % 15.1
% Met hanol Toéta 5t € Vet ' by nmono- and
multiple 70.0 %55.0 % rret hyI athacm‘/atﬁohuene I\/Et hanol consuned by ot her

React i ons @gi o % 10 COVPARATI VE EXAMPLE XII This ex
dermnstrat-lz Ei'}?éRAE il%!oé(ﬁé‘olt?ﬂ fast catalytic reaction syste%‘\nfgeactlvatlon

for MIO PG @R iradrhect T vat ed H+ ZSVFS 111 T of uene 2 24
Toluene Total Conversion 18.5 % 15.1 %
Toluene Conversion due to Disproportionation 0% 0%
Toluene Conversion due to Methylation 18.5 % 15.1 %
Methanol Total Conversion 100 % 97.0 %
Methanol consumed by mono- and multiple 70.0 % 55.0 %
methylation of toluene
Methanol consumed by other Reactions 30.0 % 42.0 %
10

COMPARATIVE EXAMPLE Xii

This example demonstrates the problems of fast catalytic reaction

system deactivation for MgO para-alkyl selectivated H-ZSM-5 in toluene

15 methylation with low toluene/methanol ratio and one-time methanol
injection. The catalytic reaction system was MgO-para-alkyl selectivated
H-ZSM-5 with a SiO,/AlO; ratio of 38. The same preparation procedure as
that given in Example VIl was used. The catalytic reaction system was
pelletized and screened to 40-60 mesh. The catalytic reaction system was

20 tested at 460°C, 1 atm, and 14 h™ WHSV. The feed was a mixture of
toluene/methanol with a molar ratio of 1.0. The results presented in Table
5 indicate that although MgO para-alkyl selectivation of H-ZSM-5 improves
the para-xylene selectivity, this catalytic reaction system still exhibits



15 nmethylation with | ow tol uene/ nmet hanol ratio and one-tinme nethanol
injection. The catal ytic reaction systemwas MO par a-al kyl sel ectivated

H ZSM 5 wd pb1748451 02/ Al 02 rati o of 38. The sane preparati ACTUSI0RNIB e as
that given in Exanple VIl was used. TRé catal ytic reaction system was

pell etized and screened to 40-60 nesh. The catal ytic reaction systemwas 20

tested at 46fHoud c@‘tmh@fééc@lén @yste%&actﬂ%oﬁ%%dnm&teﬁ By wair e of

t ol uene/ net hanol with a nolar ratio of 0. The results presented in Table
5 indicate tmewlm%m}gﬁnm@@\wﬁ@n&w|205@%et@t3 9%tion of H ZSM 5 inproves
t he para-xylene selectivity, this catalytic reaction systemstill exhibits
WO 00/ 74847 PCT/ US00/ 13003 26 serious catalytic reaction system
deactivation as indicat ed by the deEABRESg tol uene conversion from 20.5%
to 8.5% TABLE 5

Deactivati on =

2.5 Tol uenercgg@rygwménow(mb‘par?;aﬂ;@)S 20.5 8 5 I\/bt1b|anol ConverS| on. % 100

100 100 909. XvI ene Sel ect i Vi ty 90768 7 76 4 84 1 86 1 Par a- le ene
Sel ectivity, H%rssarBSBeam 86. 5 76 3 E)OL\ﬁ/PLE XIJ?I Th| S e>2arrp| e derr%ﬁstrat es
that the ca v - y g H-fer—fromdeac & on for

syngas net hy
catal ytic reagetHapol SyhvemRidrs opot propgrly pap@- al kyl 1$)@| ectivatgglg The

test was conducted in the sane manner as FExanmple V. The reaction was

moni t ored asXyleneSeieddiviteam and the 7&-ésul ts7@de showd4h TabI e8@1 The

catalytic r 1 ST ays—s 5 —de rvatTor Ud of 18
hours as in Cﬂg\t)‘(}ljeﬁéﬁemécua ré"a5| n qujgl ueneg%lgnverm (?n rom 35 A) to
28.6% WO 067 74847 Péi? USOO 13003 27

EXAMPLE Xlii

This example demonstrates that the catalytic reaction system would
10 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 conducted in the same manner as
Example VI. The reaction was monitored as time-on-stream, and the
results are shown in Table 6. The catalytic reaction system displays some
15 deactivation over a period of 18 hours as indicated by the decreasing
toluene conversion from 35.3% to 28.6%.



TABLE 6 Synthesis of PX Showi ng Catal ytic Reaction System Deactivation

CO Tol uene (nolar ratio) 2/1/0.5 Hours on Stream?2 9.5 18.2 Tol uene
Conver sivag oo/ ¥sdp- 3 31.1 28.6 CO Conversion, % 33.6 31.4 gdrdsooligoos
Conversion, % 17.8 16.4 17.1 Xylene Selectivity, %67.4 69.8 71.1

Par a- Xyl ene Selectivity, %24.8 24.9 250 5 | NVENTI VE EXAMPLE XIV Thi s
exanple illustrates that the process disclosed in this invention has a
much hi gher activity mai ntenance for PX synthesis than the conventional

met hanol -t ol uene net hyl ati on processTABQEIge catal ytic reaction system used

in this exanple conprised (1) C and Zn m xed rret al oxides, and (2) MO
modi f i ed st@m_mﬁ&gp_fﬁmmmmt fePX igRegction SystenmDeaciiVation xed net al
oxi des were &gy bed in Exanpl e | .o/{@e magnesi um

! ! @g%gﬁﬁla‘f“? 0%

oxi de- nodi fi L te s prepared as descrl bed i n_ Exanpl e V. The
Cr/Zn m xed htuaIIranmstrdam 15 were grouﬂd into powdérs. The d@tal ytic
reacti on sys A epar-ed 5 -y mxi-ng-—powde a—coRAposition
of (1) 34% (\@'¥§"4 MBS 4/?1xed mefald oxi des, SArld (2) 66%8@)0 modi fi ed

H ZSM 5 zeol Tged catal ytigargeaction Tem powianS; Wer e

bel Lot zed and 2oraasolh 7 5715 mesho(n. 89-0. 73 em Dartl?l 25 The

catal ytic rdacCooversicst 8 was 20 reddééd at 35006dnder 5% HMZ.{bal anced with

95% N2) for he
or ganonet al Ijgﬁe%$§‘?@'y't¥wé’ magnesi Qz‘ipht hal at §5 8The cat aI@t‘ c reaction

syst em was qy%m}wgﬁe\geqébtﬁ,ﬁm 2T OPeRg | on  COPAlIt T ONS_as JBIPSE 1 N Exanpl e
1. Test results are ajven | 4ab| e 7. 1t is WD 00/74847 PCT/ US00/ 13003 28

seen that the catalytic react ion systemhad a stable activity for toluene
convergi on with stable PX sel WI’.—:NH\)’E EXAMPLE XIV

This example illustrates that the process disclosed in this invention
has a much higher activity maintenance for PX synthesis than the
conventional methanol-toluene methylation process.

10 The catalytic reaction system used in this example comprised (1)
Cr and Zn mixed metal oxides, and (2) MgO modified H-ZSM-5 zeolite
with a SiO2/AlO; of 38. The Cr and Zn mixed metal oxides were prepared
as described in Example I. The magnesium oxide-modified ZSM zeolite
was prepared as described in Example V. The Cr/Zn mixed metal oxides

15 were ground into powders. The catalytic reaction system was prepared by
physically mixing powders of a composition of (1) 34% (w/w) Cr and Zn
mixed metal oxides, and (2) 66% MgO modified H-ZSM-5 zeolite. The
mixed catalytic reaction system powders were pelletized and screened to
8-12 mesh (0.89-0.73 cm) particles. The catalytic reaction system was

20 reduced at 350°C under 5% H; (balanced with 95% N) 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 !l. Test results are given in Table 7. It is



TABLE 7 5 Higher Activity Mintenance for Para-xylene Synthesis

H2/ CO' Tol uene (nolar ratio) 2/1/0.5 Hours on Stream h 5.5 24 91.5 120

Tol uene pon, % 17.0 18.0 17.4 17.1 CO Conversi on, 2% .7 17.9
17. 8 Hz‘*;@'.@“n‘%‘?zion, %8.5 9.3 9.1 9.1 Xylene Selectivi t‘iﬁéﬁ/?“?g‘? 980.2
80.6 80.5 Para-Xylene Selectivity, “63.4 67.0 71.4 75.2 1In the foregoing
specification, the invention has been described with reference to specific
embodi meriesnthat ks catalyic reactioastystera hadsa stablriagliviy P lalugre i n provi di ng
met hods f&fnv@%%ﬁWit’ﬁ%tﬁ@ibqiﬁ(éﬁle%ﬁvify?aﬂi on systens, and the catalyst
reaction systens per se, which nmay be wused for directly and selectively
produci ng PX from benzene and/or toluene and hydrogen together with CO
and/ or CO2 and/or nethanol, and iRélﬁ er reactions. However, it wll be
evident that various nodificatio changes can be made thereto w thout

departing fromHiehedAxtility Maimtehahte dor Papaxyiénd Bgnthvgigti on as set forth
in the appe Efa(? cl al gs Accordingly, the specifi CZ'[I Qn 1s to be regarded
inan il |'déa pligneAMeLr reHeh  a restrictive sende/0for exanple, specific
conbi nat 198G <¥n SRE S ONMPONENTS,5 5UCT aS,@T Janonelg &1 OTRRINdS;
other than those spec¢ifically tried, In other proportions or ratios or
m xed i n thloére Sonversjd), %80 fal ling W.0hi n t hé8& ai med 1ga# amet er s17.but not
specific j ifigd or tried i partic examl are ant4 gi pat ed
to be w f(h{)ﬁC{)rﬂgé}élghp °of this inv?r%f?on. Fu?{)?rer vgﬁi@%s conbﬁ?a%i ons of

react ant sk, Cehaénsiorg % eacti on systergss and co@9id ol teclgni ques not9.1

explicitly described, but nonethel es alling within t ppended, cl ai s
are underX8Be SEEEWIY bl uded. VO 0(?7/67%.847 PCH s 13 29 V\%Qtél s

cl ai med iparalxyiéng®diedivitpro,modi fyi rgg gat al ysgp oconpri siyng cont actg ng a
first corrponen¥ selected fromthe group consisting of crystalline

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 modifying catalyst

10 reaction systems, and the catalyst reaction systems per se, which may be
used for directly and selectively producing PX from benzene and/or
toluene and hydrogen together with CO and/or CO, and/or methanol, and
for other reactions. However, it will be evident that various modifications
and changes can be made thereto without departing from the broader

15 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
components, such as organometallic compounds, other than those
specifically tried, in other proportions or ratios or mixed in different ways,

20 falling within the claimed parameters, but not specifically identified or tried
in a particular example, are anticipated to be within the scope of this
invention. Further, various combinations of reactants, catalytic reaction
systems, and control techniques not explicitly described but nonetheless
falling within the appended claims are understood to be included.



or anorphous alum nosilicates, substituted alumnosilicates, 5 substituted
silicates, crystalline or anorphous al um nophosphates, zeolite-bound

zeolite jtuted al um nophosphates, and m xtures t er%%{ i an
agent se %Wg‘ési‘romthe group of compoynds of el enents ge ec og@%?)?om

G oups 1 through 16, and m xtures thereof. 10 2. The nethod of claim1
where the contacting further conprises contacting a second conponent of one
or nore than oneVUialigglaimedds's or oxides of the netals selected from
Goups 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, and 16. 3. The
met hod of claim2 where contacting the first conponent with 15 the agent
occurs priofl- t o Adgneted fagmasifyingreatalysispeameprising cantagingsecond conponent .

4. The method of acfiré‘tiéBrgpgm{t%efé%%@ﬁgwr?;é}?%ic;oﬁ%igﬁﬂg@g@ Ottalﬁ\dIéh the

second component “ocCurs prior to con nent with the
agent. 20 5. The net hodaoforphausalliminodlidales, rsabstitutga akinnigosilioatesng a

sol uti.on of the agent V\%tg a solv?nt; %1(77 n%the sgl ution with the first
conpoRent; renoving SHRSWYEdICates, FYHAVRE O APYIREUYent into el enent al
forms or oxide forms. g)fhiABpHdsHhatEd HediOpdditP2eoldds, ubshruiteat hod of claim

1 or 2 further conprising: mxing the agent with the first conponent in the
absence of a sol vent alusppoppsrhates gndiaixiyesthermob Witherent al forms or

oxide forms. 5 7an%n?§él@ef$doffroﬁltﬁé@r& aﬁ%&pgggg@fgf@@mmsi s perforned

by heating the mxture at a tenperatur fective to
convert the agent i nteeleetes from Graugs.1 Brrodgle 16eamdaixifired thened. where t he
agent is too bulky to enter 10 channels in the first conponent.

10 2. The method of claim 1 where the contacting further comprises
contacting a second component of one or more than one of the
metals or oxides of the metals selected from Groups 1, 2, 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, and 16.

3. The method of claim 2 where contacting the first component with
15 the agent occurs prior to contacting the first component with the

second component.

4. The method of claim 2 where contacting the first component with
the second component occurs prior to contacting the first
component with the agent.

20 5. The method of claim 1 or 2 further comprising:
making a solution of the agent with a solvent;
mixing the solution with the first component;
removing the solvent; and

converting the agent into elemental forms or oxide forms.



9. The nethod of claim1 where the agent is an organonetallic conpound.
10. The nmethod of claim9 where the organonetallic conpound is an

or ganomayealpbiragasal t. 15 11. The net hod of claim 10 where rdweusmngaswenetal |ic
salt conprises: an organic anion havigg functional groups selected from
the group consisting of carboxylic groups, phenolic groups and m xtures

clement () €20 of Moy P oBnSELAS fURE LffSiRgP 107171 13 “1a. 14, 15,
and 16 (new | UPA(Dungttla& agemt witi2 therfiest cottpomeot inctheiahsenah®f@ ratio of the

wt. % of agent el enments Ito % of the first conponent ranges from1/99 to
99/1. 25 13. A catal yg? Bpteﬁgped according to the nethod of any preceding
claim converting the agent into elemental forms or oxide forms.

5 7. The method of claim 6 where the converting is performed by

heating the mixture at a temperature and for a time effective to
convert the agent into metallic oxide.

8. The method of claim 1 where the agent is too bulky to enter
10 channels in the first component.
9. The method of claim 1 where the agent is an organometallic
compound.

10.  The method of claim 9 where the organometailic compound is an

organometallic salt.

15 11.  The method of claim 10 where the organometallic salt comprises:
an organic anion having functional groups selected from the group
consisting of carboxylic groups, phenolic groups and
mixtures thereof; and
a metal cation selected from the group consisting of the element(s)
20 of Groups 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, and
16 (new IUPAC notation).

12.  The method of claim 1 where ratio of the wt.% of agent elements to
wt.% of the first component ranges from 1/99 to 99/1.

25
13. A catalyst prepared according to the method of any preceding
claim.



