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15 Of the xylene isomers, i.e., ortho-, meta-, and para-xylene, the para-
xylene (PX) is of particular value as a large volume chemical intermediate
in 2 number of applications being useful in the manufacture of
terephthalates which are intermediates for the manufacture of PET. One
source of feedstocks for manufacturing PX is by disproportionation of

20 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
non-equilibrium quantities of mixed ortho- and meta-xylene isomers (OX
and MX, respectively) and is lean with respect to PX content. A

25 disadvantage of this process is that the separation of the PX from the
other isomers is expensive. _ , _

- Zeolites are known to Cata'lyze-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

- 30 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 may
be replaced in whole or in part with other oxides. For example, germanium |
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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 with methanol 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
25 catalysts deactivate rapidly due to build up of coke 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 monoxide (CO), carbon dioxide (CO,), and hydrogen
(Hz) (synthesis gas) at alkylation conditions in the presence of a catalyst
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It has been recognized that certain zeolites can be modified to '

enhance their molecular-sieving or shape-selective capability. Such

20 maodification treatments are usually called zeolite selectivation.
Selectivated zeolites can more accurately differentiate molecuies 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 s 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 from 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 PX than the
expected equilibrium proportions relative to the other isomers.
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Is 30 provided, in one form a nethod for form ng para-xylene (PX) from
fuel syngas involving, optionally desul furizing the fuel syngas, reacting

the fuelyg 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
alkylation of toluene and/or benzene with a methylating agent formed from

20 fuel syngas 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.
greater than 30%, in the xylene product fraction as compared to prior,
equilibrium concentrations of about 24%.

25 Still another object of the invention is to provide a method for the
direct, selective production of PX from toluene and/or benzene which has
a high aromatic conversion, e.g. at least above 5%, preferably above 15%,
most preferably as high as possible.

In carrying out these and other objects of the invention, there is

30 provided, in one form, a method for forming para-xylene (PX) from fuel
syngas involving, optionally desulfurizing the fuel syngas, reacting the fuel
syngas on a once-through basis with a feed containing an aromatic



syngas on a once-through basis with a feed containing an aromati c WO
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unextracted toluene, or unextracte m|L>J( ures oﬁgluene and benzene, as

15  well as reacting fuel syngas on a once-through basis.

BRIEF DESCRIPTION OF THE DRAWING

20 The Figure shows a schematic diagram of one embodiment of a
process arrangement for forming PX from fuel syngas according to the
method of the invention.

25 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process to synthesize PX with
para-alkyl selective alkylation of toluene and/or benzene with a mixture
containing, as predominant components thereof, hydrogen, carbon

30 monoxide, andlor'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
alkylating agents mixtures of Hz, CO, and/or CO2 and/or methanol from



fuel syngas I's significantly enhanced. The process of the invention using
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the mechani sm of tibeenbﬂm‘iﬁ‘ihé’ﬂse bftHEJﬁilat%I m\eaégtqmbﬁtfa%&e&uch treat ment

may be perfornmed on al um nophosphate catalé reaction systens of this
i nvention, but that t@lbﬁee/&enﬁenepnéb'pm emate/Beant guttansh systens do not
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catal ytic reaction sysluens, belnzam! andlor refbrmaimvent ion include (1) a first
t of . h of cLh tals or oxides of the nmetal

cl enent s sel cOPEISfF Epbigpieriifiof bt nduBEbgacilist 8 %eecthe” 157 15

14, 15 and 16nfeﬂw»iatﬁd#Pﬁ@dee§wnbédustmsealbe%wcopper chrom um 30 cadmi um

paIIad| um rut heni nese, etc and a second conponent of one
or nore than one o#m?ﬁgpﬁ‘g@“i‘?@ 'Brpaaarefv\ma&eﬁ@ettvetv |‘%ﬁ§h'eV§€WtEﬁatWB| ch are

sel ecti va{sd fHy mbRicidi®ive 28olit8 nrblidisiWith prperichemiéiitompounds to
(1) inhibit the external acidic sites to minimize aromatic alkylation on the
non-para positions, and/or the isomerization of the para-alkylated
compounds, and/or (2) impose more restrictions on the channel structure
to facilitate the formation and transport of para-alkylated aromatic
20 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 invention, but that
some aluminophosphate catalyst reaction systems do not require this
para-alkyl selectivation treatment to be effective at para-alkyl selectivation
25 in the methods of this invention.
The catalytic reaction systems suitable for this invention include (1)
a first component of one or more than one of the metals or oxides of the
metal elements 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, chromium,
30 cadmium, palladium, ruthenium, manganese, etc.), and (2) a second
component of one or more than one of the zeolite or amorphous materials,
some of which are selectivated for para-position selectivity. The first and
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The acidity and structure of many silicate-based materials are such that
they often promote many undesirable side reactions (e.g. dealkylation,
isomerization, multi-alkylation, oligomerization, and condensation) which
deactivate the catalysts and lower the product value. it follows that,
20 silicate-based materials are typically not capable of delivering the shape
selectivity for increasing the yield for high-value products such as para-
xylene (PX).
Some of the silicate-based materials have one-dimensional channel
structures, which are capable of generating higher-than-equilibrium PX
25 selectivity. These materials may optionally be para-alkyl selectivated.
Other silicate-based materials having two- or three- dimensional channel
structures are preferably para-alkyl selectivated or modified to be more
selective through the use of certain chemical compounds, as will be
described, such as organometallic compounds and compounds of
30 elements selected from Groups 1-16. In one embodiment, the selectivation
of the zeolite materials including the silicate-based materials can be
accomplished using compounds including, but not necessarily limited to
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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,
ZSM-38, ZSM-48, ZSM-50, and ZSM-57. Preferred first zeolites are

20 galliumsilicate zeolites having an MF| structure and aluminosilicate zeolites
having an MFI structure.

The second zeolite will usually have an intermediate pore size and
have less activity than the first zeolite. Preferably, the second zeolite will
be substantially non-acidic and will have the same structure type as the

25 first zeolite. The preferred second zeolites are aluminosilicate zeolites
having a silica to alumina mole ratio greater than 100 such as low acidity
ZSM-5. If the second zedlite is an aluminosilicate zeolite, the second
zeolite will generally have a silica to alumina mole ratio greater than 200:1,
e.g., 500:1; 1,000:1, etc., and in some applications will contain no more

30 than trace amounts of alumina. The second zeolite can also be silicalite,
i.e., a MFI type substantially free of alumina, or silicalite 2, a MEL type
substantially free of alumina. The second zeolite is usually present in the
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of comprising the aluminosilicate crystals, a snllca 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.
The final step is the conversion of the silica present in the silica-bound

20 catalyst to a second zeolite which serves to bind the first zeolite crystals
together.

As noted, aluminophosphate-based materials may be used in
conjunction with metal oxides for aromatic alkylation with syngas.
Aluminophosphate-based materials usually have lower acidity compared to

25 silicate-based materials. The lower acidity eliminates many side reactions,
raises reactants’ utilization, and extends catalyst life. In addition, some of
the medium-pore aluminophosphate-based materials have unique channel
structures that could generate the desirable shape selectivity.

Further, catalytic reaction systems suitable for this invention include

30 aluminophosphate-based materials and amorphous compounds.
Aluminophosphate-based materials are made of alternating AlO; and PO,
tetrahedra. Members of this family have 8- (e.g. AIPO4-12, -17, -21, -25,
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-31, -41, et cajso create acidic quaternary-composition based materials such as the
MeAPSO series, including FeAPSO (Fe, Al, P, and 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
20 =B, As, Be, Ga, Ge, Li, Ti, etc.) As mentioned above, these materials
have the appropriate acidic strength for syngas/aromatic alkylation. The
more preferred aluminophosphate-based materials of this invention include
10- and 12-membered ring materials (SAPO-11, -31, -41; MeAPO-11, -31,
-41; MeAPSO-11, -31, 41; EIAPO-11, -31, -41; EIAPSO-11, -31, -41, etc.)
25 which have significant shape selectivity due to their narrow channel
structure.

It has been discovered that it may not be necessary for the
aluminophosphate-based materials to be processed in a para-alky!
selectivation step for good selectivity to producing para-xylene. Optionally,

30 however, these aluminophosphates may be para-alkyl selectivated or
modified to be more selective through the use of certain chemical
compounds, as will be described, such as organometallic compounds and
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15 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.
using silicon compounds. Other compounds that may be used include, but
are not limited to compounds of phosphorus, boron, antimony,

20 magnesium, and the like, and coke, and the like. Para-alkyl selectivation
treatments of the materials of the above catalytic reaction systems, such
as by using the metals/metal oxides first component to selectivate, can be
carried out either prior to the selective formation of PX (ex situ) or during
the PX formation (in situ). In the in situ embodiment, the selectivating

25 agents are added with the feed or the feed itself could be used as the
selectivating agent to the reactor containing a catalytic reaction system.

in more detail, in one non-limiting embodiment, the technique for
selectivating the materials useful in the method of this invention is based
on the consideration that by depositing on a silicate-based material or

30 aluminophosphate-based material one or more than one of the
organometallic compounds which are too bulky to enter the channels (or
other para-alkyl selectivating agents) , one should be able to modify only
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One type of the bulky organometallic compounds suitable for para-
alkyl 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
20 anions and metallic cations. The organic anions can be selected from
molecules containing carboxylic and/or phenolic functional groups,
including but not limited to phthalate, ethylenediaminetetraacetic acid
(EDTA), vitamin B-5, trihydroxy benzoic acid, pyrogallate, salicylate,
sulfosalicylate, citrate, naphthalene dicarboxylate, anthradiolate,
25 camphorate, and others. The metallic cations can be selected from the
element(s) of Groups 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, and 16
(new IUPAC notation). Other compounds for para-alkyl selectivating the
silicate-based and aluminophosphate-based materials include, but are not
necessarily limited to silicon, phosphorus, boron, antimony, magnesium
30 compounds, coke, and the like, and mixtures tﬁereof.
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catalytic reaction systems of the present invention in accordance herewith,
such as those seen in U.S. Pat. Nos. 5,476,823 and 5,675,047.
20 In one embodiment, the same metals and/or metal oxide
components used in the catalytic reaction system can be used alone or
together to selectivate the silicate-based material or aluminophosphate-
based material components.
The catalytic reaction systems can be prepared by adding solutions
25 of metal salts either in series to or as a mixture with the fine powder or
particies such as extrudates, spheres, etc. of the unselectivated silicate-
based materials having one dimensional channel structures, or optionally
ex situ para-alkyl selectivated silicate-based materials, unselectivated
aluminophosphate-based materials, or optionally ex situ para-alky!
30 selectivated aluminophosphate-based materials, until incipient wetness is
reached. The solvent (water or other solvents) can be evacuated under
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net al omde(a‘?_l oOngl'@l ] rsePf "!3 or. métal oxid a’)é’dsu ported on any
inert materi an8f yith &g )’t‘l’\‘&dﬁggﬂﬂ efiafithe iexaity para: vatest t he ex
; : Llrjn ﬁﬁr ﬁsal h‘%ﬂ'icaiéib%%éh%@ﬁa&srxﬁéélbﬁﬂﬁea%ﬁﬁmnﬁhﬁéb tEJ- 4ige! ectivated
phosphat e- based teria or optronally ex situ para-alkyl
sel ect i vat ed metafials sieptinnally ex situ para-alkyl selectivated aluminophosphate-
based materials in a blending machine or a grinding mortar. The mixture is
optionally pelletized before use.
If the catalytic reaction system is mixed with a binder, such as silica
20  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
then be dried and calcined.
The catalytic reaction system can also be prepared by mixing
physically the particles of silicate-based material or aluminophosphate-
25 based materials components and the particles of the metal and/or metal
oxide first components. The same metals and/or metal oxides can also be
used alone or together to selectivate catalytic reaction systems and thus
simultaneously catalyze syngas reactions.
The catalytic reaction system can also be formed by packing the
30 first and the second components in a stacked-bed manner with some of
the first component in front of the physical or chemical mixture of the first
and second components.
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al um nophgsphat e- based terjals is preferably fromabove 0.1 mcropn to
about 100 18 crons, ceapres ordaleyminessialae arakapyR toperspam Bkiledin
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repr esent ativesarﬁ@%ﬁhgkgﬁglscrystal s. The methyl ati on process can be
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The methylation process can be carried out as a batch type, semi-

16  continuous or continuous operation utilizing a fixed, moving bed, or CSTR
catalytic reaction system, with or without recycle. Multiple injection of the
fuel syngas may be employed. The methylating agent includes CO, CO;
and H, and/or CH3;OH and derivatives thereof. The methylating agent may
be the CO, CO, and H; of the fuel syngas directly, or if a catalytic reaction

20 system suitable for forming other methylating agents such as CH;OH
and/or other agents is employed, these agents and derivatives thereof
may be used as well. The methylating agent reacts with benzene to form
toluene. Toluene reacts with the methylating agent to form a xylene,
preferably PX in this invention.

25 - 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.

30 Optionally, instantaneous concentration of fuel syngas can be kept low by
staged additions thereof. By staged additions, the ratios of toluene and/or
benzene to syngas concentrations can be maintained at optimum levels to



15 continuous or continuous operation utilizing a fixed, noving bed, or

CSTR Cci¥giydsser reaction system with or without recycle.p LdoRlefso
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met hyl ati ng agent may be the CO CO2 and H2 of the fuel syngas directly,.
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benzene to fefgent ol uene. Tol uene reacts with the nethylating agent to form
a xylene, preferably PXin this invention. 25 Tol uene and/or benzene and
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concentrat i orfea&'qrbﬁys §Vh§%@° aronés glewed ang syen preypsted.AWithirapetiyier eof .
By staged addjdy i ' i : as
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ot feoki 19" adin 8o 1543t Bk Busdd thararil ARE BBARDRRBhER-B5Rad vl o1
when using panaterials/beggmractiky sblettivateal YWitte protiuctivnRefaivens PXst abi | i zes

catal ytic reacti pn system rformance and . i ncreases catalytic reaction
syst e?/n life. qﬁ%&"@&ﬁéﬁa? e"]ﬁs F‘?@‘é’é?!’%ﬂa%?é%?‘éfé'&%q W\r/‘&%hy\‘!ﬁu‘ds sl owed and

even prevent afbactivate tieRRalytic réwditivnaysims STINIS (churd&erisit &' ndtishowfAct | on

systens, it is expected that the catalytic reaction systemmy not have to
be regener at & taBOBA by thepronaft 1 10 part due to the silicate-based

e ok PP G TSRS PO o MG BERLIRE ¥ s o
heavy ar onat i Relief that the catalytichieaistion systems of this invention have the
capability of preventing or reducing the side reactions of the methylating
agents with themselves, and in particular that the para-alkyl selectivated
catalytic reaction systems function to catalyze more than one reaction, that
20 s, that a syngas reaction is catalyzed to form methylating agents which
react with benzene and/or toluene to produce PX. However, because the
methylating agent is produced on a local, molecular scaie, its
concentrations are very low (as contrasted with feeding a methylating
agent as a co-reactant). It has been demonstrated that feeding a blend of
25 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%.
30 In carrying out the 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



deactivate the catalytic reaction systens. This characteristic is not shown

or taught by the prior art. 15 Further, in one non-limti i.rent of
the i nveWOW8RF2% here is a belief that the catal ytic reac?ggﬁ‘{gg@g‘{l of

this invention have the capability of pﬂfventing or reducing the side
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The method of this invention is expected to tolerate many different
kinds of feed. Unextracted toluene, which is a mixture of toluene and
similar boiling range olefins and paraffins, is preferred in one embodiment.

20 For example, premium extracted toluene, essentially pure toluene, and
extracted 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 also be employed. When

25 unextracted 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

30 selectively produce PX.



and/ or carbon di oxi de, and/or nethanol, but al so dinethylether,

met hyl Gl gi4#6: Methyl bromide, and dinethylsulfide. It i|gcHRS6payaP! e that
in the scenarios described above, the toluene can be pure, or Iin a mxture
wi th benzene. The benzene nmay al kyl ate18o0 15 toluene, and/or ultimtely to
PX, with or without recycle. The presence of benzene may al so enhance heat
and/ or sel ecti vi indesth)isonte ofithe catalytid reaction systemsrdfithis invertigremagyd t o
tolerate many different kinds of feed. Unextracted toluene, which is a
mxeur e of - DeuRBIEianaLy Fare Siadignie, aatal s b6 e agan s epedans °; o
preferred i s BIMREHGROD, afd/drahehehoPtepradRe & Methylaang agehp! uene,
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is inmportant to ack the affins.and. olefing into.lighter preducts that
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reaction systens have t dual function to ¢ paraffins and/ or

he rack the
ol efi ns and IRast3A wido.anedmost preferablieatleast 48 vachethe yaethogddhise PX. Al
WO 01/37991 &‘Jﬁd@@/a}é&ég?%&é dg%@ﬁegmn;%ﬁeaét g Reos ot ﬂ{é’&%&?ﬂ i on
systems of this 1nvention Yy e multiTuncti ona In sone e odl nent s,
cat al yzi ng acompeundto amixtue of xyleness preferably greaterdhaadd whéé.or et hanol

L e ot YR e il e sS4 R M aRERSE kR TIBEY, 1 o0, ©
paraf fi ns anexarplei byscrystatlization; for eisg inlprodiicts spchasderephthalioatidpd of this
at T east 30 AMGYRSraRbtiAIRte, o UPES Iephinal s met Fid YIS Uk Tost
preferabjy ajyhichdn tturtfcalt b8usébto Makosyithefidfibers. 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
20 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
procedure. Because of the high quality product produced by the inventive
process, it is expected that the PX proportion in the product from the
25 inventive process may be 80% or more, while after one crystallization step,
the proportion may be 99% or higher.
The selective methylation process of this invention has been
discovered to have significant advantages when the possibility of using low
cost, fuel-purpose syngas from gasifiers in a once-through (for the syngas
30 feed) methylation reactor. In one non-limiting embodiment of the invention,
the term fuel syngas is defined herein to include mixtures of CO and Ha,
but may also contain compounds including, but not limited to, methane,



10 invention is also capable of converting at least 5 wt.%of the aromatic
conpound to a m xture of xylenes, preferably greater than 15 wt_. 9% '
Par a- xy| WR1RP1be recovered fromthe process stream f or PCHUIHALy
crystallization, for use in products squ as terephthalic acid, dinethyl
terepht hal ate, pol yethyl ene terephthal até€ polynmer, and the like, 15 which
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RN LIS bl i et aiver inaryipreiatie

- [ e syngas 3 e t t tor., |
non- 1 i mi tithg URBEMHAS: M‘W%Opﬁ@gﬁ%ﬁ gﬁ: X%Fﬁ%&l" B@rdﬁ‘?‘%b&@?ﬁﬁ%&ﬂes def i ned
herein to i nC%H&ﬁ 6?—99%[ P?()ﬂ'ftiﬁcﬁcflﬁdipi’é"duct bytarggactibhatetoibmitheconpounds
i ncluding, but not Timted®to, nethane, WO 01/ 32591 PCT/USOQ 14130 19

met hanol , di etereagterd teluenectenzaae énd ras-aronarlic aaterialeg i WICR 8r¢ ur
o rgaran; ek An A RO e o RSO,
B o B e P LA Lo s o oA
be fed vilB HB’W?‘%%‘S%%&%%&Q‘?"?" ﬁ’g?‘ﬁ#"&ca?g’g(!}@;‘lf”ﬁ@é %%Wv%%%tn;lea[r it
to remove sul fydl (héseetHeolerm Foacethiought)l Pue to the cracking of NA into light
saturates, it is expected that more fuel gas would be returned than is
consumed. Liquid product 30 is further purified in a crystallizer or existing
PAREX unit 40 to give final product stream 42 of about 99.8% PX or
20 higher and raffinate stream 44.
As noted, the process of the invention using fuel syngas has
advantages including, but not limited to, (1) enabling the use of low-cost
fuel syngas; (2) eliminating the need for recycling unreacted syngas and
associated equipment; (3) eliminating the need for a significant purge
25 stream of unreacted syngas; (4) enabling the use of the relatively low-cost
unextracted toluene/benzene or straight reformate heart cut, and (5)
eliminating the need for a significant purge stream of unreacted toluene,
benzene and/or reformate.
The following examples will serve to illustrate the processes and
30 merits of the present invention. It is to be understood that these examples
are merely illustrative in nature and that the present process is not
necessarily limited thereto.
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treated syngas 22 is mxed wwth reformate toluene heart cut 24 (in one

non- | i lwéﬂ,ﬂgzsgfarrpl e) prior to entering the sel ective nepdyisis/ane eact or
26. 10 Using A7/ A8 fractionation colum 28, xylenes 30 (which contain from

about 85-90% PX) in the liquid product 20 are fracti onated fromthe
unreacted tol uene, benzene and non-aromatic materials 32 which are

recycl ed. An A8/ A9 fractionation colEXAMBIE | shown) may be used, if
necessary. The gas product 34, fromgas/liquid separator 36, including 15
unr eact ed syngas and cracked non-aromatics (NA), will be sent back to fuel
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or 20 higher and raffinate stream 44. As noted process of
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nﬁed for ? siZn{NOs)anith lpu-l@-lzﬁmtgramﬂmﬁCndez@pamwmggamééﬁ enabl i ng )
the use of t tively unext ed. t ol uen e or straight
ref or mat e he%l(N %wg%&@gylve R hpﬂéfdi w&élﬁﬁﬁwﬁ&(felp@f'&&%m ﬁr}?"’l Ocant purge
st ream of|QUNIRRRIONE WéreURBA. mixBE NS eRNHPOH W&S %ng addeq inte!thew ng
exanples will serve to il|lustrate the processes and merits of the

present i nverfixed solutionswitly siigingundil $he ol value qfﬂ&@'é'ﬂﬁﬁrﬁ?%@"ecba@lﬁer ely
i ed ¢ her oo APl waTel G ahfy P8 Rer AP PR Drbfipfials pas aReg2y) |,
111 WO 01/ 325ptenmoavatisecsf 12030 for 02 houksand thﬁm caleiradin alrlatlmﬁfﬁa‘oes one
of the met hOdé hwrs[.) THREE i(ﬂ'?lr? m(iféoa}r%ttélcoxides were ground into powders.
15 The catalytic 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 (0.27-0.17 cm) particles.

EXAMPLE |

25 This example shows that the synthesis of xylenes with syngas
alkylation of toluene can be achieved in a catalytic process as disclosed by
prior art. However, this example indicates that such a process cannot
achieve high para-xylene selectivity when the aluminosilicate component
in the catalytic reaction system is not modified for shape selectivity. The

30 catalytic reaction system was prepared as in Example I. The catalytic
reaction system was reduced at 350°C under §% H, (balanced with 95%
N2) for 16 hours at 1 atm prior to reaction.



reaction system The catalytic reaction systemconprises (1) C and Zn 5
m xed meiﬁ)d %é%odes and (2) HZSM5 zeolite with a SIQ2/AL02 nolar ratio’
of 30 (oPt¥&PLfrom PQ Corporation, Valley Forge, PA). TRETESOMIMI30,
m xed metal oxides were prepared by co- pg cipitation of Cr(N0O3)3 and
Zn(N03)2 with NHAOH. 7.22 grams of Cr(NO TB and 13.41 granms of Zn(NO3)2

were then mixed torat RaAEIRgqBH SUBIeRh vaR Sl Rset it o'ty SF ST, on
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a catalytic p7eddss as dlsclosed by prior art. However, this exanple

i ndi cates,t hat such a process cannot achi eve high para-xylene selectivity
when t he 5 um nosilicate conponent in the catalytic reaction systemis not
nodi fied for shape selectivity. The 30 catalytic reaction system was
prepared as in Exanple 1. The catal yti reaction systemwas reduced at
350C under 5% H2 (bal anced with 95% Néﬁ@béJHG hours at | atmoprior to

reaction. WO 01/32591 PC?&ME@Q(SJ&@@ us'%r# ;&ﬂ#&ﬁbﬁé&gcﬁvﬁ@m i on system was
eval uated with co-feed o as ith a

conposi ti on oCQ2/ CO t ol Hene of 2/ 1Tduene(nol ar Xylene), a teRPerature of
about 450C, agdny Y%r essugenwi%%aboutCoav. %t m (i . eseleE® psi g, s&leBR % 106

Pa). The VHSV (¥glght Hounly Space o84 71.1 25.0

15
EXAMPLE Il

This example illustrates the poor product quality derived from a

conventional metal oxides/aluminosilicate system. The catalytic reaction

20 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
Forge, PA.) and 50 wt% of a composite of oxides of copper, zinc, and
aluminum also in the form of powder (C-79, obtained from UCI Inc.,
Louisville, Ky). The two components were mixed thoroughly, pelietized,

25 and screened to 8/12 (0.27-0.17 cm) mesh particles. The catalytic reaction
system particles were packed in a stainless steel reactor and reduced with
a gas mixture of 2% hydrogen in 98% nitrogen at 250 C and 1 atm (1.01 x
10° Pa) for 16 hours. The feed stream was a mixture of syngas and
toluene having a molar ratio of 1:1 :0.47 (hydrogen:carbon



5 Velocity) was about 3 h"1 for toluene with respect to the catalytic
re‘actigﬁ) ﬁ% £m Test results are given in Table 1. Sinpdpisdopsiol Or art
reporte e selectivity of para-xylene in xylenes is about 25% which is
close to equilibrium with toluene cor@2rsion of 28.6% and xyl ene
selectivity of 71.1% 10 TABLE 1 Synthesis of PX using Zeolite not

Sel ect i vat ednomnxtne'tnlueae)ﬂ the reaction conditipnsoverenset ath3S05C and 380ect . %

the poorpr SRR 2-53R 193 FALA GBribythn artRE] hﬁe%v%%&?f’?éféfwu% g st rates

O)ﬁ' des/ Ftl umi gioen ini 'gfabke zmgs/ tﬁfaezng\hfg e oétﬁnyt:p reagtioh eystedd mdﬁ( me a

physi cal mixture o 0 in the powder

al umi nosi | i Qt@%gﬁgi)%h%%?fmquww E&gn 8’&91 g\)/)fi_' ﬁargg ??fi of and 50
wt % of a gﬁg@, AedHt o in the

for(;n of S’g er ééfe&fwt?%éaif‘ﬁ\gié e%tgglyﬁhe r@d??guﬂﬁw@é?l e,l;algy)nS The two

conponent s v@%ﬂ%&@ﬁ%@r%&@ﬂl@ne-ﬁaﬂm prastictR5 and screened to 8/ 12

(0.27-0.17 cm mesh particles. The catalytic reaction system particles

were packed in a stainless steel ream reduced with a gas m xture of
2% hydrogen in 98%nitrogen at 250 C tm (1.01 x 105 Pa) for 16

hours. The feed streaoneéntional MetabOxidesyAlasinasilicatel S\wwteémhavi ng a nol ar
ratio of 1:1: 47c{hyrogen carbop ool 4130 22
nonoxi de: t ol he reaction di ti ons wepresTEXOR WRIOC and 350 psig

(2.53 x 106 PRbn-ahoffiaticsi bution qfgs4he liquid hydrocar bon products is
given in Table 2. It is seen that the catalytic reaction system nmade 39. 80%
of undesirabl BeRzens aromatic codgfinds (A9, A0, & Al 1+). The lack of 5

par a- sel ecti VE&H&IH@rﬁénﬁd' cated b)ﬁ_&d]e near equilibri g'ggconcent r at i on

para-Xylene 13.90 24.14
meta-Xylene 30.36 52.72
ortho-Xylene 12.93 2245
A9-A10 27.66
A11+ 12.14
10
EXAMPLE IV

This example illustrates the superior performance of the proposed
15  metal oxides/silicon-aluminophosphate system of this invention. The
catalytic reaction system was a physical mixture of 50 wt% of SAPO-11
material in the form of powder (an aluminophosphate material obtained
from UOP) and 50 wt% of the same C-79 composite as in Example lil. The
two components were mixed thoroughly, pelletized, and screened to 8/12
20 mesh (0.27-0.17 cm) particles. The catalytic reaction system particies
were packed in a stainless steel reactor and reduced with a gas mixture of
2% hydrogen in 98% nitrogen at 250°C and 1 atm (1.01 x 10° Pa) for 16
hours. The feed stream was a mixture of syngas and toluene having a



(24.14% of PX in the xylene-fraction products. TABLE 2 Conventional Metal
Oxi des/%r)%s# | cate System Products w % A8-Fraction, wt% Non-aromatics
1.54 Ben Et hyl benzene 0.40 0.69 para- Xyl ene 13P§6”§3°/1ﬂ3”

nmet a- Xyl ene 30.36 52.72 ortho-Xylene 12 3 22.45 A9-Al0 27.66 Al |+ 12.14
10 EXAMPLE 1V This exanple illustrates tﬁe superior performance of the

proposed 15 peiiaf ra%'d?els’i%'!ts ag&%amehakﬁe%ﬁfeﬁ@wqé Rdatti

i nvention. The catalytic reaction stem was ure OPHSO wt %
of SAPO- 11 neonditians wereiset ab3a0G apd\%@rps(g&.ﬁsutrﬂaoaabsqnummummn al

obt ai ned fro 0. Exanpl e
[11. The ﬂeﬁ%ﬂiﬂﬂg‘?‘%ﬁé‘(ﬁé‘é@?ﬁg&%aﬁ' j%b& ?‘p@fﬁ é%tf?ﬁ}frﬁgh%creened to
8/ 12 2? rresh (:atalytnd}eza?:tuomsymm mddesmucth desstindesirableg geavya arorgaﬁd eLn
e Smprpaged 1 288ab RS Rk BT 125 Rep BNt b 505 %
fv%roifgz?,‘é‘ir?m?%%%' 905 Jaeapa TP MLth Higher BNl b?ﬁ“‘ﬁﬁ' en carbon
nonoxi de: t ol u@ﬁ@?ent’ﬁf@nr@MZ%hOfE&iﬂltBEW?f\ﬁef@tmPf@dus C gnd 350 psig
(2.53 x 106 Pa). A distribution of the |iquid hydrocarbon products is

given in Table 3. It is seen that the catalytic reaction system nade nuch
| ess undesirable heavy aromatic 5 conp'ﬁABtlEgll 29% for A9, Al 0, & Al 1+).

mghl_ E,pgﬁ nfﬂgn &) nf(t:on-A UmifioF h'og Ohactgt tgr¥: c;fQEe Invention

Products wt% 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

Al1+ 1.82

EXAMPLE V
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



concentration (45.52% of PX in the xylene-fraction products. TABLE 3 10

Met al b6l6S542991 | con- Al um nophosahate System of the I nventi rodqucts w %
AS- Fra?ﬂ’on, Wt % Non-aromatics 21.11 Benzene 1.25 Et hylmbéeﬁ‘[z}%‘ﬁ’}eal“% 09 1.64

para- Xyl ene 30.20 45.52 neta- Xyl ene 21531 32.87 - ortho-Xyl ene 13.25 19.97
A9- A10 9.47 All+ 1.82 EXAMPLE V 15 This exanple illustrates the

preparation gfhqusavith &y burge.cTHe paracalkylselbdtivated ZSM-Y ;Eébm@gaﬁt%iﬁéa oxi de
as the selectivating agent. 11,68 grans of magnesi um hydroxi de was m xed
with distill agPimimately§ whib okpegpegiimexidedded 20. 44 grans of ammoni um
nitrate and 33.54 grans of phthalic acid in sequence. The m xture was
heated to obtain a clear 20 solution, which was cool ed to roomtenperature
before use. 14.80 grans of the solution was mxed with 7.77 grans of a

ZSM5 zeokite (SiQ2/ A2 of 50). T%m\/\as heated to evaporate the
wat er solVent. The remaining solid at 120C for 12 hours and
cal cined at 500C for WO 01/32591 PCT/US00/ 14130 24 8 hours with air purge.

The para- al kyl sel_ﬁ_g;t i vat e SM5 zeolite contained approxinmately 9 wt.%
of magnesi um oxi del 'SeEimﬁﬁjﬁ ugirates; the prapanation|of @notherdype o€ the epar at i on
of another t g, i i ' [ action
system conpri ses|9i(k::Lg‘_éml\/:ht'Oﬁgér}%k Zn' méggfélng%e%ggéﬁggs@gﬁgﬁﬁﬁs%g%% fied

H ZSM 5 zeol iang 4n mixed metaboxides\apel (%) MgO mndified h-ZSMimzealite withracedur es

gfeggfte d%verSiU%/A':té%rH?b%. ¥n¥edad Bfshardtish Mbdtiréd 8! tﬁ(aetdgi\rfrgﬁ fy oxides vere

Example V were used. The Mn and Zn mixed metal oxides were prepared
by co-precipitation of Mn(NO3). and Zn(NO3), with NH4OH. 4.14 grams of
Mn(NO3)2 and 13.44 grams of Zn(NO;), were dissolved in 100 ml distilled
water separately. The two solutions were then mixed together. NH4OH

15  was slowly 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
were ground into powders.

20 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
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

25 reaction system powders were pelletized and screened to 8-12 mesh
(0.27-0.17 cm) particles.



by co-precipitation of Mi(N0O3)2 and Zn(N03)2 with NHAOH. 4. 14 grans of
Mh(NO3)2 and 13.44 grans of Zn(NO3)2 were dissolved in 100 nl  di a{ : I led
wat er sePpP WY The two sol utions were then nixed toget REFUSY 15 was
slowy added into the m xed. solution wt tirring until the pH val ue of
the solution reached about 7.5. The preciPitate was filtered and

recovered.. This precipitate was dr%&%merature of 120C for 12

hours, and then calcined in air at hours. These WMnh/Zn m xed
nmetal oxides were ground into powders. 20 The catal ytic reaction system

was prepared b hysi cal | 1 X] N 0, rs.of a.conpositio % (W W
Mh/ Zn mpxed rre%/alo g-ﬁh“ﬁﬁa%ﬁ@@&@[%/%%?mlﬁﬂﬁ’ﬁ g@'eﬁ%’\%ﬁ% ((a. )
Powders of 2. O eAkidds ardHige stitatité asairid oPthiedssimpsrients th BieacatalyticMyO
nodi fi ed H ZSM zeolite were m xed thorouagly in a%&rl ndllgﬁa{imrt r. The

ni xed cat al5yt i reaztion systenvused in the xderes synipesis yith singasa QR PEened to
8-12 h 0.27-0.1 " s 5 EXAMPLE
Vi s exampRliehe (n ERUIBE: i€ pRampK tethodshes el el glene™?
net al oxides aseleefivity cari bebbisired whendhe taluminosijlicatencampanentdndhe al ytic 5

ti t d in th I A ' i t i f
ol uene. | n adEREGR rearia Sisieml s eeHiBha T shale shigRAT Ths St . °
et ol Vi G ] eaa D o b Shabe. S0l ot ity The patal vt
catalytic reaction syStemis nodifie r e, sel ectii v a ic
react ?/on st esysiam \)&aéﬁ%ﬁ’l&ﬁda%t 359‘@(@?%’«3%%?2 Ghafafﬁsfiam@? éé%r @g)cﬁaﬁ )1/0
system was redHﬁﬁl% 1 ?ﬁﬂﬁriﬁ#ﬁ?fe%ﬁz (bal anced with 95% NO for 16 hours

I on. e

at 1 atmprior TO reac reaction was conducted under sinilar
condi ti ons to thoseThe re&stiorpwas icondueted-undey|sirsilafreonglitions tothasgine 4. The

o 50, Sos and xErampia Y TePreblivs BiE ghepdn dsbie s PG Haalxiighd SRfectioy & > o"
para- xyl ene sekglhbyiié #bbst 76:0%With teloehg centrersianiofit®:0% and xylenenosi | i cat e

component )2 rrggiefclti\eli?y Lto é5.4%. Compared to Example ll, the para-xylene selectivity is

significantly enhanced when the aluminosilicate component is modified for

shape selectivity.
20 TABLE 4
Synthesis of PX using Zeolite Modified for Shape Selectivity
CO H2 Toluene Xylene PX
conv. % conv. % Conv. % select. % select. %
11.7 5.6 10.9 854 76.0

EXAMPLE Vill
25
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



shape selectivity. 20 TABLE 4 Synthesis of PX using Zeolite Mdified for

Shape Seygeisispiy CO H2 Tol uene Xyl ene PX cony. % cony 0 sel ect.
% sel ect. % 1i1.7 5.6 10.9 85.4 76.0 EXAMPLE VI11 25 Th.‘;“/%'@“y‘r‘“‘

illustrates that the toluene conversion ggn be increased with a simlar
hi gh para-xylene selectivity when the reaction operation conditions are

optim zeg ;I'hMgaab(eUyhetal oxitles| and $%)S5@%1 (W) MgO mmlﬂeeﬁzgi\f-g\é%“ﬂlte

conprised of a.co P! an

PCT! USOY 1413Wtﬁ?£@@’méﬁqﬁj§eﬁi')ﬁ %&%@?“@é\ﬂa mixed WX?F RXIARS MRS i i ed

H ZSM 5 zeol i preparéd Fh é‘sﬁhﬂh”r’rﬁéﬁ%@és aéscrﬂé% ﬁ' a;ﬁ%lea%t m xed netal

oxides were prepared in a simlar nmeth escri arrple Il with

co- precipi taPTQﬁP'Yﬂtlo@rqlefﬁ)@a)sZZOfN)@))z ammmmoswnhmmmmw The 5 I
Exanpl e

U The. ool y GRS BRice oAl J iDL FRS repibd S PeiRR 1o T

descri bed i n ExamplesVI The latalptiatedctionrsysten wampar&d\by Méﬁﬁhlﬁﬁ% 350C

under ;5% H2 (??@ﬁscrelaﬁﬁwe&%we;\flf for 1& hour @Deﬁ}ﬁétgm %ﬁ{cég Pa)

prior to reac

co-feed of syssa'sc uhGEr 8% HiRalanced w.tness%wzy Forot @ AbURSaCOBRATH 01 cw o

H2/ CO' t ol uene, enperature from 450-490C, and a pressure 1In the range of
18-28 atm (i . 9 E%GHQW machon,. 82 x 106-2.83 x 106 Pa). The WHSV (\Wéi ght

(R STBFS, Vo' P THERrAOt RAGERS bty et d QTN 1843 B FRHF |, ©
Table 5. As §GOvand Hy)ramd mlﬂenelthblajmd:ommposmon of H.28 O o reres; B eved
tenperature. ol BECRUEA G 4TELGRC Yid g Broshurd n eSpogeto 28 em: 106
(i.e. 250-390 psig, 1.82 x 10°-2.83 x 10° Pa). The WHSV (Welght Hourly
Space Velocity) varied from 1.5-6 h™ for toluene with respect to the
15  catalytic reaction system. Some of the test results are shown in Table 5.
As shown in Table 5, a toluene conversion of 34% 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 x 10°
Pa), and a WHSV of ca. 1.5 h™ for toluene with respect to catalytic
20 reaction system.



Pa), and a WHSV of ca. 1.5 h-1 for toluene with respect to catalytic 20

reaction system WO 01/32591 PCTI US00/ 14130 27 TABLE 5 g@{ﬁ 8f PX
usi ng Z¥PPVESRbdifi ed for Shape Selectivity Reaction T BY ¢ 460

460 460 475 Reaction Pressure, psig 25qi 90 250 250 Reaction Pressure, Pa
1.82 x 106 2.83 x 106 1.82 x 108 1.82 x 106 Feed Conposition, nole ratio

2/1/0.25 211/0.25 211/0.5 2/1/0.5 \AH$X,B|_\§(5T0L/ Catalyst) 1.5 1.5 3 3 CO
cony. %184292174181 H2 cony. 9.4 7.4 7.6 _Tol uene cony. %
26.0 34.7 13.6 15. Synthesigef! ogiified fop Shape Selectivitve| ect. %

74.5 75.2 88. X Jd ” exa i [l ustgghes thepg obl ens of
| ow nmet hanol @&%gﬂ‘%“ ;}%W‘f zgs(t chat al yt ryepeact I on 6g(?/st em dgz;ls(r:t I vation
associ at ed WI Reaendmwressmeapslg/ met286thol rat390 and on28@i me mA%@anol

i nj ection. ca alytic 10 eactl em Bru f

mat eri al obta '??‘é’ﬁ??ﬁﬂfe #he exf?%gjbes %?éqérouﬂ§5§f %&?to
8-12 nmesh (0. Fée éc?m BiitioAnd cal cined at 550C under air for 16 hours prior

to use. The cﬁ) ¥) reaction sysﬁlqm 96.S ez/qyojgsed 211/650C, F%p/0e6 m (350
psig, 2.53 x a and 8 h"1 WHSV. The feed was a_m xture of

t ol uene/ met haNSHSM, hil ohiCatalyst) ral.bo of 3.5 Test rdsults ard given in

Table 6. It iﬁ@&WWW%to
55.0 % over a §Pn}§e‘10d of 24 hourS.” Furthernore, the systemwas

experi enci ng Seoferf, O catal ytic reaion sy8dem deaciidation &6 indicated

by the d t ol [ f 1 %% 1 % 2
y the ecreas_llorlll?eneocgﬁ&lq%converm056-0rom §4."‘}0t0 L 0 45.5

Xylene select. % 84.2 - 80.1 824 86.3
PX select. % 74.5 75.2 88.0 85.1
5 EXAMPLE IX

This example illustrates the problems of low methanol selectivity
and fast catalytic reaction system deactivation associated with a low
aromatic/methénol ratio and one-time methanol injection. The catalytic

10 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)
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 108 Pa),
and 8 h™' WHSV. The feed was a mixture of toluene/methanol with a molar

15 ratio of 3.6. Test results are given in Table 6. It is seen that the methanol
selectivity decreased from 70.0% to 55.0 % over a test period of 24 hours.
Furthermore, the system was experiencing a severe catalytic reaction
system deactivation as indicated by the decreasing toluene conversion
from 18.5% t0-15.1%.

20




WO 01/32591 PCT/ USOQ' 14130 28 TABLE 6 Synthesis of PX with Low Methanol
Sel ect |§,bé,¥ f_% pd Catal ytic Reaction System Deactivation prghsapgdAft hanol
(mol e urs on Stream 2 24 Toluene Total Conversion 18.5 % 15.1 %
Tol uene Conversion due to Disproportion@g on 0% 0% Tol uene Conversi on due
to Methylation 18.5 % 15.1 % Methanol Total Conversion 100 % 97.0 %

Met hanol consumed by nmono- and nulti pTABLE® % 55.0 % Methyl ation of
t ol uene Met hanol consung . 0. .% 5 EXAMPLE X

Thi s exanpl e denonstrat eaction system

) SIS
deactivation for MO pargngldg(QE% |F@§dt’bﬁtgﬁ_§_téhwéwalﬁoho| uene 10
methyl ation-with | ow t ol uene/methanol ratro and one-tTmne net hanol
i nj ection. TH@lienaiMethangldeolebn system was MyO para-al kyl SBectivat ed

H ZSM 5 Wth}?—&-&ﬁéﬁe%—mv—nﬁﬁ—ﬁr-anas
t hat given i %{ﬁrﬂﬂ % Was used. The catal ytic reaction Syste S

pel l etized angbigéneToe Gohversiol nesh (0.042-0.025 crr). 188 %2l g5 Mtyc 15
reaction systemwas tested at 460C__1 atm and 14 h'' WHSV _The feed was a

m xture of tol uanbremt'aarmrsmrtwﬁtoralsmop@ﬁtlpaab@n1 0. Th@%esulﬂs%
presented i = e wuie Y5555 CRETv) Il on of
H ZSM 5 | nprove pa , this cataly1c retln

system stil |l ethdnol s'omrcmmghafyt I c reaction systemidee%y | vevI0o% as 20

i ndi cat ed by—the _decreasing toluene conversion from20.-59%10 8 5% WD
01/ 32591 PC¥/ usddetnanalconsymedkpy mono- and multipie 70.0% 55.0%
Methylation of toluene
Methanol consumed by other Reactions 30.0% 42.0%
5
EXAMPLE X

This example demonstrates the problems of fast catalytic reaction
system deactivation for MgO para-alkyl selectivated H-ZSM-5 in foluene
10  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 V was used. The catalytic reaction system was
pelletized and screened to 40-60 mesh (0.042-0.025 cm). The catalytic
15  reaction system was 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 resuilts
presented in Table 7 indicate that aithough MgO para-alkyl selectivation of
H-ZSM-5 improves the para-xylene selectivity, this catalytic reaction
system still exhibits serious catalytic reaction system deactivation as
20 indicated by the decreasing toluene conversion from 20.5% to 8.5%.



Synt hesi s of PX Show ng Catal ytic Reaction System Deactivation

Tol uene/ ¥k} (nolar ratio) . 1/1 Hours on Stream 0.5 | uene
Conver si on, @2%3 3 19.8 20.5 8.5 Methanol Conversion, %EB%"%&@“}%% 99.6
Xyl ene Selectivity, %76.7 76.4 84.1 86.%g Para-Xylene Selectivity, % 83.3
83.3 86.5 76.3 5 EXAMPLE Xl This exanple denonstrates that the catal ytic
reaction systemwould suffer from deamBuatz on for syngas nethyl ation of
toluene if the alum n05| | i cat e CQ ner]t . ﬂ the cat al yt| C reaction system
IS not properly 12¥ig85 OfiRX Showing Catalic Reagtion, oystgig Deaetivationy i n” t he
same nmanner aﬁ'ol@h@?‘iﬂbﬂ'\ér{ol (,Zﬁ % r,.? ion was nonitorg4 as ti me- on- stream
and the results are shown in ble 8. _The catalvtic reaction system

di spl ays sorreHmtwaomS/leeamn over a perl (ﬂ:ISof 18 aours as indi cat ed 2% the

decreasi ng t-gi4 S 3 MR : 504 12 rraaesi s of
PX Showi ng Cat'QMUaN& RB‘A%’ISP% /System DB i OF EYe (rml aB-dr at i 0)
2/ 1/ 0.5 Hour VTR < . ~ g :

CO Conversi o
Sel ectivity, %yih‘he!ISemcﬁvm% Para Xyl7eﬁfé Sel e36.|4w ty, %4211 8 24.8645.0 WO
01/ 32591 PCT/-S80kL : ” t he

process di scl 6@ . 1gher ad9Vity mafPt%enance

for PX synt hmmmm

process.

5 EXAMPLE X}

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

10 para-alkyl selectivated. The test was conducted in the same manner as
Example ll. The reaction was monitored as time-on-stream, and the 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% to 28.6%. '

15
TABLE 8
Synthesis of PX Showing Catalytic Reaction System Deactivation
COf/Toluene (molar ratio) 2/1/0.5
Hours on Stream 2 9.5 18.2
Toluene Conversion, % 35.3 31.1 28.6
CO Conversion, % 33.6 31.4 31.7
H2 Conversion, % 17.8 16.4 1741
Xylene Selectivity, % 67.4 69.8 711

Para-Xylene Selectivity, % 248 24.9 250




The catal ytic reaction systemused in this exanple conprised (1) C and Zn

m xed rr%@hé}géldes and (2) MJO nodified HZSM5 zeolite %dféQE@Y]ﬂgaOZlAl 02
e

of 38. and Zn m xed netal oxides were prepared as

Exanpl e |. The magnesi um oxi de-nodi fi ed3gSM zeolite was 10 prepared as
described in Exanple V. The Cr/Zn m xed netal oxides were ground into
powders. The catal ytic reaction sysSEXAMPIEIEpared by physically m xing
powders of a conposition of (1) 34% (wWw C and Zn nixed netal oxides,
and (2) 66% MgO nodified HZSM5 zeolite. The m xed catalytic reaction

system powder s venwDEkdribleRistfids Hi5CRBTHobSss disBrotad TR il fverfich 17 ¢

particles. The catalytic reaction system 5% H2
(bal anced wi has@evuEhhighar amvﬁbmaintﬁnancedomi’l(lsyﬂlhesﬂﬂﬁm)e prior to

reaction.gTh fie m pht hal ate. The

catal yti csreggﬁ?%ﬁ@@b@th%g%ﬂg@ ’ﬁ‘sm‘lﬁ@??ir operation 20

condi E |h o?st ﬁs t%gme catﬂyﬁupeactidn sy&em @tj}gs:gjhtmﬁ:ﬁge?mmt nsEf%IO(ﬁtcﬁl It is
seen tha e syst em a activi or 't ol uene
conver si on vviaf'a Eéfeé’cﬁﬂf?%é? \ﬁy'ldy& ﬂ"%‘% ite with 31 TABLE
9 Hi gher Act isiot/aIdRbPSEITRRE € | uene
(nolar ratio) 2}11%@5ﬂl‘?igur S grg ég{drglng%Wgr%gﬁlz@géé‘%%gré'%ﬁ@?ea%

~Conver si on, #eseribed in Bxample h The magnesinreexidermodified ZSMepliterwas17. 8 H2
Conier s 10, S dudndiy HOHEY SRSk B el 5
illustrates wgneuridino lpDWdByS.o'IfheJeatag{tlcrreacmmfsystetrmvas peepareditged for
TR s 1 ey SRa bl Bkt b BBl bE ) S8%h (Wi and zn o' %%
mixed metal oxides, and (2) 66% MgO modified H-ZSM-5 zeolite. The
mixed catalytic reaction system powders were pelletized and screened to
15 8-12 mesh (0.27-0.17 cm) particles. The catalytic reaction system was
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
20 conditions as those in Example iI. Test results are given in Table 9. It is
seen that the catalytic reaction system had a stable activity for toluene
conversion with stable PX selectivity.



10 exanpl e conprised (1) mxed Cr and Zn oxides, and (2) a MyO nodifi ed

H ZSM5 zeolite prepared using the nethods described in Exanple V. The Cr
and zn m™RWIEM| oxi des were prepared as described in BESHWWR4II0 These
Cr/Zn m xed netal oxides were ground intéxl powders. The catalytic reaction
system was prepared by physically m xi ng" powders of a 15 conposition of (1)
50% (ww) mxed G and Zn oxides, andyag §% MO nodified H ZSM 5
zeolite. The mi xed catalytic reaction system powders were pelletized and
screened to 8-12 nesidigher Activity Mainéenancs ara-godene thesissm was reduced

at 350C under 52 I ] 5NOfor 16 at | atmprior to
reaction. 20 ﬁ@?g‘@\eﬁ@?&gﬁgtﬁjn system was test g’@?rst with a co-feed
of ~syngas andouf c¢®treamichthen with a c§5 eed 2 synggs.sand €20

t ol uene/ hept ane m xture at, wei ght percent_of 70% 30% The reaction was

conducted at HolueRg&renvarsiops Yabout 460C1afd a ph&Qsureld# aboul?d1.5 atm
(i.e., 300 pspe convérsfont@® Pa) . The WHSYqwps a%? 1. 5491 forﬁ@ t ol uene

and tol uene/ heptane m xture with respect to the catal ytic reaction WO

01/ 32591 PCT/ Ho@wrvetsion, 42 system The r8sults [@.dsente8.1in Tab®4 10

I ndi cate thatt . L Vit reaction systemii le t rry hept ane
cracki ng reac%(lylgﬁea %L?{Mb}egr{% nmet hyl at i z§’§eac'§03? Si nﬁp aneougq)l . The
syst em denonspPard-XyleheoSeldctivity, i%i ty mai gBshances?®.0r bovh4reacty®Rs. This
feature inplies that the 5 catalytic reaction systemcould be used to
process unextracted toluene. TABLE 10 Sinultaneous Selectivity to PX and
Hept ane Cracking Show ng Catalytic 10 reaction system Stability Feed

H2/ CO Tol uene + H2/ CO Tol uene Heptane Conposition (nolar ratio) 2/1/0.25
2/1/0.25 21/0.25 2/1/0.25 Hour's ommﬁm 73 89 118 Tol uene
Conversion, %27.4 26.8 32.7 34.2 Heptane Conversion, %- - 65.7 65.0

This example illustrates the feasibility of using unextracted toluene
as feed for syngas alkylation of toluene with the catalytic reaction system
disclosed in this invention. The catalytic reaction system used in this

10 example comprised (1) mixed Cr and Zn oxidés, and (2) a MgO modified
H-ZSM-5 zeolite prepared using the methods described in Example V. The
Cr and Zn mixed metal oxides were prepared as described in Example |.
These Cr/Zn mixed metal oxides were ground into powders. The catalytic
reaction system was prepared by physically mixing powders of a

15 composition of (1) 50% (w/w) mixed Cr and Zn oxides, and (2) 50% MgO
modified H-ZSM-5 zeolite. The mixed catalytic reaction system powders
were pelletized and screened to 8-12 mesh particles. The catalytic reaction
system was reduced at 350°C under 5% H; (balanced with 95% N,) for 16
hours at 1 atm prior to reaction.

20 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
atm (i.e., 300 psig; 2.17 x 10° Pa). The WHSV was about 1.5 h™ for

25 toluene and toluene/heptane mixture with respect to the catalytic reaction



CO Conversion, %34.1 35.0 38.4 38.3 H2 Conversion, %10.6 14.9 20.7 13.6
Xyl ene we) @ghbgtl Ly, %85.6 83.7 55.5 55.2 Para-Xyl ene Sglgobinl by, % 64.2
65.7 64.9 65.5 EXAMPLE XIV 15 In focusing on inproving selectivi tg; to PX
and conversion of toluene and/or benzeme and syngas, and the gas/oil

ratio, the follow ng fuel syngas once-through perfornmance has been

denonst r at edsyétbh'\.al'hbaie%hﬁfréééﬁté@m Thbld Wﬂ\d?éété%ﬁﬂh%ét%%?d zeol i te.
450C, 300-400 psig (3.04 x 107- 4.05 x 107 Pa), syngas 20 (H2/CO = 1/1) to
ref ormat e r af§ptionsystam:ig ablertg carneoubheriane oracking teagtion ard tolaengs%) |

syngas conv ' 20300 ctivity
70-80% (1t ar ggrﬁefthg%}'éﬁﬁeﬁoy%ﬁ?@%y Fﬁéﬁg%‘}%ﬁﬂsﬁ;&%& sﬁcgisf/@ . 65%
of the NA i nactiéty saintenarce for both ceactions. Thid feghure isglies shatstheS EXAVPLE XV
The once-ghr i f the inventigon seens to fit with 10
gasifier $uef&gg%}#gﬁga%ﬁ'hﬁgxgﬁegiﬁwg%‘? uag@itq Péqgesisé"}%kr@ﬁ@{?@-‘%vy oil or
wastes (e.g. deasphalter bottons rock (DAR), steamcracking tar (S/C tar),
etc.) to syngas at fuel value. Essentially, as envisioned in the present

i nvention, the selective nethylation reactor would just skimoff a fraction

(e.g. about 25% of the syngas fuel tyn@pgEqoPX A rough calculation 15
i ndi cates that_when conpari ngtg_ the heating val ue (HHV) of the syngas
electivit 0 e '

entering the SiotitencausSele 4 gptane G i) Shatvirs iy, t he
fuel gasqpncreases in mass fl owm%@%gﬁ% and the heating value
I ncreases by greater than 50% 1. As a result, the down
stream equi priesed (e. g. turbines, furnaces, and the |i kd)y/QD/ohldne +
H2/CO/Toluene ' Heptane

Composition (molar ratio) 2/1/0.25 2/1/0.25 2/1/0.25 2/1/0.25

Hours on Stream 18 73 89 118

Toluene Conversion, % 27.4 26.8 32.7 34.2

Heptane Conversion, % - - 65.7 65.0

CO Conversion, % 34.1 35.0 38.4 38.3

H2 Conversion, % 10.6 14.9 20.7 13.6

Xylene Selectivity, % 85.6 83.7 55.5 556.2

Para-Xylene Selectivity, % 64.2 65.7 64.9 65.5

EXAMPLE XIV
15 In focusing on improving selectivity to PX and conversion of toluene

and/or benzene and syngas, and the gas/oil ratio, the following fue!l syngas
once-through performance has been demonstrated with a catalyst system
of mixed oxide/selectivated zeolite.
. 450°C, 300-400 psig (3.04 x 10”- 4.05 x 107 Pa), syngas
20 (H2/CO = 1/1) to reformate ratio = 4:1-12:1.

. Toluene conversion 20-30% (target: 25-35%), syngas
conversion 20-30%.



20 woul d not be significantly affected by the presence of the selective
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EXAMPLE XV

The once-through operation of the invention seems to fit well with

10 gasifier fuel syngas. The objective of gasifiers is to upgrade heavy oil or
wastes (e.g. deasphalter bottoms rock (DAR), steam cracking tar (S/C tar),
etc.) to syngas at fuel value. Essentially, as envisioned in the present
invention, the selective methylation reactor would just skim off a fraction
(e.g. about 25%) of the syngas fuel to make PX. A rough calculation

16 indicates that when comparing the heating value (HHV) of the syngas
entering the process and the residual syngas/light saturates leaving, the
fuel gas increases in mass flow by greater than 20%, and the heating
value increases by greater than 50%, as shown in Table 11. As a result,
the down stream equipment (e.g. turbines, furnaces, and the like) probably

20 would not be significantly affected by the presence of the selective
methylation reactor.
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preferred enbodi nent, the incom ng gaS|f|er syngas would have to be
optionally treated with an am ne-type cl eanup, or other conventional
process, to renove lisalgrefercachembodinent, the incexdaRpasifiersynsgasiwoulsbul d be

enpl oyed. In sane.cases s.untt I r wel | as
sul fur cont ai i’?ﬁﬁ tg%%w&\lg&m&%%gﬂaﬂﬁ?%&ge ﬁ%loﬁgﬁ to be
studi ed whet hgpngamtiotial pPoEdsy), ttgremowvé\eumubmmam_irwriw A G EXSORBPRS f uel
syngas would adversel af f ect the cat alés ective

met hyl ati of r aiticeuld be emplpyedlpsoms 6 '§f“|rll‘,ta‘f’?'g|ﬁ "qeﬁLtq ARG on has
boen " denm, be(b?%\%g *\)véllgéféﬁlﬂﬁecdn?alﬁ ?ow aﬁ% met hods ZS%&ebS o

been denpbnstr as ective in or directly and
sel ectively mwaulddiang tobefstudnelde/vmiher aw&;rdemaumugn@ttamauhsyfan t oget her

with CO and/q tem 15
Fowover . 1 wdesairieds? flel 85bady VORY 4hieield HRichind bhralyshtisk Ty 6 001 ¢
_made t_hereto vdeldmive rethyidtiongreleton t he br_oader spi rit or scope of the
speci 11 cattfon i s t dniiBe erpaaeReraton) (el Pupfle has heeidesifiped
restrictive SgRsfefefécetoPictiic é‘ﬁBﬁdlf‘ﬁ&\@ﬂfé?éBﬁfdnG%s)ﬁeéﬁt al yst
conponents, other 20 than those specifically tried, in other proportions or

rati os or m xedamanstmted@saﬁequysn pfwlqilnagnmﬁsﬁort deectlyanebaclgativabét er s,
but not speci fbrﬁ?l}.;l:l}ﬁﬁ PR beffe aﬁ&l'o?@ol né‘a arl'\%d??# c?étﬁ@t%ftl‘? i nprove

t he PX sel ecti'Vi erein, are an |C|pate scope of this
i nventi on. FurG@mnd/owé)Ochmduehmasmsmgﬁ catﬁﬁtmmagtlon@vatem ic reaction
Systens, C‘!%t al Iylowever it will be 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 components, other
20 than those specifically 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
25 modifiers, and control techniques not explicitly described but nonetheless
falling within the appended claims are understood to be included.

30

What is claimed is:




25 nodifiers, and control techniques not explicitly described but

nonet hewe®s/3299al | i ng within the appended cl ai ns are undePET/@sM/1403he

i ncl uded. 30 What is clainmed is: WO¥1/32591 PCT/US00/ 14130 36 1. A

met hod for form ng para-xylene (PX) fromfuel syngas conprising reacting
the fuel syngas on a once-through basis with a feed including an aromatic

conpound  sel £t edh fieivd RSt BRI ARSI PR bRl #RA SynodeaapASiAB

m xtures thereof, in the presence of d catalytic reaction 5 system which
converts at feagting Hue fifel syagas oma once-tirpugh basis withafead dncluding\anenes,

where PX co ' v ' : A net hod for
form ng par SQ{?W%E%W&?# 8%?# Y‘fgﬂé@'ﬁ%‘gﬁ Bgé%ﬁ%@ﬁg%?ﬁ“%&%m ding a

cat ﬁl ytic rebetzere mwﬁxtgreseml reofgirt the pbr'eﬁéneqoga&:amtyt_ic reEntio h?roulgh basi s
with an aromatic c ound sel ecte om,t he group consisting of . toluene,
benzene Bnd Bstem WERREMERS o eret 5t SR SroliE cfiPPouH 108 FixkitB: he el
syngas, in tgpxesss WitereiPX Bemprisab it idast 3006 af tHePmidMed 6Myiénés.oduce a
xyl ene fraction having a PX concentration; and recovering PX where greater

than 15% of the aromatic conpound is converted to a xylene fraction and
than 20 300 5. Lot BR Y BaRd Bk IPXIiofe fuci Shkes" 2 01 St n
benzene to t compmnisingand nethylating toluene to PX. I11111j 111111 111111
I I N . I1dl I L Spr&?éiﬁg%“@a%l ic?‘eggt‘laorr]'l é?ye Iel%(;:ed 1111212112171 111312 e 1l
till
reacting the fuel syngas on a once-through basis with an aromatic
compound selected from the group consisting of toluene,
benzene and mixtures thereof with a methylating agent
formed from the fuel syngas, in the presence of the catalytic
15 reaction system to produce a xylene fraction having a PX
concentration; and
recovering PX where greater than 15% of the aromatic compound
is converted to a xylene fraction and where the PX
concentration recovered in the xylene fraction is greater than

20 30%.

3. The method of ctaim 1 further comprising:
methylating benzene to toluene, and
methylating toluene to PX.

* c L N $ * -
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WO 01/ 32591 PCT/ US00/ 14130 37 4. The nmethod of claim 1l or 2 where the
catal yti Cwb%?ﬁisb?” system conprises: a first conponent S?'Lﬁfl} ﬁllljlg'pm t hé
| al e t i

group consisting of metals and netal 3pxi des, where the net enent is
selected fromthe gro up consisting of the Goups 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13 Thednettind aficlaitt 1 o 2twieeredhe cdtalyticidactionh siystomnts 5 (new
| UPAC not atio%' and a second conponent selected fromthe group consisting
of crystalli mpr r phous al um nosilicates having one- dinensional

channel structure, gfifstcamispheftisiéstod Fomd the gitripddrisisting ofafistai ang
al um nosil i cates, para- 31'3%'&910 sel ectiyated substituted aluntnosilicates,

crystalline or anorpho §@P§u‘0’h§‘%ﬁ‘?i'ﬂ§ §|ﬁwtd§sﬁm§9 fremsthenal
channel structure, par a;ge}g{jﬁlcoﬁgigﬁgégﬁﬁ{ee@rw |2,§,Qd5 8 -y’l g'?%mgl}é

crystalline or anorphou m nop ates, ‘crystalltné or

substituted al um nophosptZti3s 14115 mandi6ok{he Betiedici Tabledf Elersents! i ne or
anor phous _al um nophosp e a- . ectivated zeolite-bound
zeolite ana par a- al kyl Q@%@?H%Q&%ﬁéi‘tﬁ%ﬁn ed al um nophosphat es, and
m xtures thereof. % sddundedrhponeit stledted fronthiesgrobp donsistingafponent and

the second 20 conponent are, chem cal .Ig m x?d,. B#m cally m xed, stacked, |
and combi nations t her edystgiling,Qr arerphaus plymigpaifigatgs aving,@nex, a- al ky|

sel ectivation of the cajidensional ER&rine! BtravRirE ParatEIkyISfedivgidd cation with

an agent selected fromthe group consisting of conpounds of elenents
sel ected from 25 G oups arystallipedir areorphaus @urinpsilicates; pafa-akyl ~ n | |

Thi's SheeygHas Been Repl@fedivhtdd Sibstitutdd blurhindsiithles, thstattine or

amorphous substituted silicates having one-dimensional
channel structure, para-alkyl selectivated substituted
silicates, crystalline or amorphous aluminophoéphates,
crystalline or amorphous substituted aluminophosphates,
15 para-alkyl selectivated crystalline or amorphous
aluminophosphates, para-alkyl selectivated zeolite-bound
zeolite and para-alkyl selectivated substituted
aluminophosphates, and mixtures thereof.

5. The method of claim 4 where the first component and the second
20 component are chemically mixed, physically mixed, stacked, and
combinations thereof.

6. The method of claim 4 where the para-alkyl selectivation of the
catalytic reaction system comprises modification with an agent selected
from the group consisting of compounds of elements selected from

25  Groups 1 through 16, and mixtures thereof.

W
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WO 01/32591 PCT/USOQ 14130 38 7. The nethod of claim6 where the agent is

an orgavoohssbi ic salt conprising: an organi ¢ ani on havweRUSe1d130onal
groups Selected fromthe group condBsting of carboxylic groups, phenolic

groups and m Xt-gr.e - I e 0, he group
consi sting g’f' théH{ﬁ @?&'ﬂﬁ §f£lag$%&y§%%§lth%ag%%é§) Qﬁiﬁésﬁ@?‘&ém%glg, 10, 11,
12, 13, 14, comprsing: 16 (new | UPAC notation). 8. The nethod of claim4
where the para-al kyl selectjvation of the 10 catalytic_reagtion system
Conpr i ses mod {1 3 PEIANIS BRloR eyt funcioBel GpubS SHEGthd a6 B! ot  ng of
organonetal I'ic CO”pounéénsiQtﬂfdJQF‘carB@@W’glﬁﬁps,s hérdlic g"r’éﬁBQ‘ahdS, phosphor us
conpounds, boron conpounds, antinony conpounds, nagnesi um conpounds, and

m xtures®d thereof. 15 @ixtures fherepftadd cl ai m 4 where the para-al kyl

sel ecti vated subsji Sl LA : si sting
of gallosilicat es,é rﬁ%%?gas?ﬂ %%Igg{ga;fﬁghg gégggﬁ ?gg{;'éfs?ﬁ% g?gm%@*%en?(%gd of
claim1 or 2 further cofifGroupsy, 2,8,6h&, 607, 8)8at0d, 1usiZHd 3, Nd, PX amd nake a
product selected from the,gro nsi,siting of 20 terephthalic acid,

di et hyl terephthal at et‘aaﬁ%%mﬁrﬂﬂ"%ﬁ%& erephthalate. 11. The net hod of
claiml where the catalytic reaction systemfunctions to catalyze at |east
one reaction_in addition to formng PX 12. The nethod of claim 10 where

the feed fur Bher Ebme@gg Cﬁﬁlai%wheﬁﬂ@%ﬂﬁiﬁﬁ"ﬂl seleetivationrofdhet he group
consi St {19, ObayR BaBior i bdriprisds iAo wh 8 agbnf 8ER8Rc o1, and

the catalytic action systemtunctions to crack t n-or olefin.
Thi s Sheet HironBthengiRelpl consistinglof brganemetalliciceampoands, icarbart 11 1111 111 IN

WO 01/32591 gg}(p%?l%léiﬁégn compounds, phosphorus compounds, boron
compounds, antimony compounds, magnesium compounds, and mixtures
thereof.

16 0. The method of claim 4 where the para-alkyl selectivated substituted
silicates are selected from the group consisting of gallosilicates,
borosilicates and ferrosilicates.

10. The method of claim 1 or 2 further comprising recovering PX and
using the PX to make a product selected from the group consisting of
20 terephthalic acid, dimethyl terephthalate, and polyethylene terephthalate.

11.  The method of claim 1 where the catalytic reaction system functions
to catalyze at least one reaction in addition to forming PX.

12. The method of claim 10 where the feed further comprises at least
one compound selected from the group consisting of paraffins and olefins

25 having at least 4 carbon atoms and the catalytic reaction system functions
to crack the paraffin or olefin.

i L
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39 13. The nethod of claiml| or 2 where the catalytic reaction system
act|V|t gq’% e is less than 0.5%tol uene and/or benzeng-1HENEREBDON per
day. hod of claiml or 2 w@ere the conversion of aromatic 5
corrpound to a _mxture o l enes is greater than 15% 15. The nethod of
i T wher 43X JhmIPYES ofciaiznd or Swhers hecataie ackon Siptames. 16, The

reacting it donyty Becreadq® fekiiah RRvIEAG druibretiodte ciyerfbh Ber | 0 ¢ ccq
is selected fdaymthe group consisting of unextracted benzene, unextracted

toluene, straight reformate benzene heart cut, straight reformate tol uene
heart cut, extracted benzene; extracted toluene, and m xtures thereof. 18.

The net hod of{4;! aiThelmethod dfletainen orczmhéaétttecdrﬁrersionwammaﬁb( by first

removi ng unreact ed s ngas and a Ieast f any saturated
corrpounds arRP“NEF?‘{ to 3 BigtyEs P P&eﬁiﬁ S’e;pﬁ? 13’(%’-ect ed fromthe group

consisting of fractionation, cryst allization, adsor ption, and conbinations.
thereof. 20 19. The method of claim 2 where the catal ytic reaction system

functions tol&at alhemethod ebelaim i avhered?X comprises@tieast 3650 obthe ng PX,

where the feerﬁwgs"éréfg&ie% nprises at | east one paraffin having at |east 7.
carbon atons t Ll Ffytic reaction systemfunctions to crack the

paraffin. 20. The nethod of claim2 in the absence of unused fuel syngas

25 l e ba th | al t] heet ,Has B
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10 17. The method of claim 1 or 2 where the feed is selected from the
group consisting of unextracted benzene, unextracted toluene, straight
reformate benzene heart cut, straight reformate toluene heart cut,
extracted benzene, extracted toluene, and mixtures thereof.

18. The method of claim 1 or 2 further comprising:
16 recovering PX by first removing unreacted syngas and at least a
portion of any saturated compounds, and
further recovering PX by a process selected from the group
consisting of fractionation, crystallization, adsorption, and
combinations thereof.

20 19. The method of claim 2 where the catalytic reaction system functions
to catalyze at least one reaction in addition to forming PX, where the feed
further comprises at least one paraffin having at least 7 carbon atoms and
the catalytic reaction system functions to crack the paraffin.

20. The method of claim 2 in the absence of unused fuel syngas
25 recycle back to the catalytic methylation reaction.
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