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[ 0001] The present invention relates to a process for
wao bh@smpeddect i ve al kyl ation of tol uene, benzene, PCT/US2004/037785
napht hal ene, al kyl napht hal ene and m xtures thereof
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of  para-xyl ene fromtol uene, conpared to the
para-xylene isomer is of particular value as a large volume chemical intermediate. -
One method for manufacturing para-xylene is by disproportionation of toluene
into xylenes. However, a disadvantage of this process is that large quantities of
benzene are also produced. Another process for manufacturing para-xylene is the
isomerization of a feedstream that contains non-equilibrium quantities of mixed
ortho- and meta-xylene isomers and is lean with respect to para-xylene content. A
disadvantage of this process is that the separation of the para-xylene from the
other isomers is expensive.
[0003] There is growing interest in the alkylation of toluene with methanol
as a next generation method for producing para-xylene. This technology can
theoretically produce twice the yield of para-xylene from toluene, compared to the
toluene disproportionation process. Examples of such toluene methylation
processes include U.S. Patent Number 3,965,207, which involves the methylation
of toluene with methanol using a molecular sieve catalyst such as ZSM-5. U.S.

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



tol uene di sproportionation process. Exanples of such

tol uene nethyl ati on processes include U S. Patent
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tol uene with nethanol using a nolecul ar sieve catal yst

such as ZSM5. U.S. Patent NArtber 4,670,616 invol ves

the production of xylenes by the nethylationof toluene

with methanol using a borosilicate zeolite catal yst
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SUMMARY OF THE INVENTION

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

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

an alpha value of less than 100.



benzene, naphthal ene, al kyl (naphthal ene and m xtures

thereof in the presence of a catal yst under alkylation
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greater than 75%, more preferably greater than 80%, even more preferably greater

than 85% and most preferably greater than 90%. Preferably, the process is a
toluene or benzene methylation process, which forms para-xylene at these
preferred para-selectivity ranges.

[0009] Catalysts suitable for use in the present invention include any
catalyst that is effective for the alkylation of toluene, benzene, naphthalene, alkyl
naphthalene or mixtures thereof. Preferably, the catalyst will be effective for the
preferred process of toluene or benzene methylation. Catalysts used in the present
invention include naturally occurring and synthetic crystalline molecular sieves.
Examples of such molecular sieves include large pore molecular sieves,
intermediate size pore molecular sieves, and small pore molecular sieves. These
molecular sieves are described in "Atlas of Zeolite Framework Types", eds. Ch.

Baerlocher, W. H. Meier, and D. H. Olson, Elsevier, Fifth Edition, 2001, which is
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14Whe§eA1rE) (}}( 4115221 tr%\}feiléznlt eleZmKén% 2suchzgé giumz1r|§um iron, boron, and/or gallium
and Y is a tetravalent element such as silicon, tin, and/or germanium; and n has a
value greater than 12, said value being dependent upon the particular type of
molecular sieve and the desired alpha value of the molecular sieve, in accordance
with this invention. When the intermediate pore size molecular sieve is a MFI
structure type molecular sieve, n is preferably greater than 10 and preferably, from
20:1 to 200:1.
[0011] In accordance with this invention, the molecular sieve catalyst is
selectivated for the production of the desired alkylated product, which in the
preferred embodiment is para-xylene. The catalyst can be selectivated by treating

its surface with compounds of phosphorus and/or magnesium and/or various metal

oxides such as alkaline earth metal oxides, e.g., calcium oxide, magnesium oxide,
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[0012] A silicon compound may also be used to selectivate the catalyst.
The silicon compound may comprise a polysiloxane including silicones, a
siloxane, and a silane including disilanes and alkoxysilanes. As is known to those
of ordinary skill in the art, multiple treatments may be employed to effect various
degrees of selectivation.
[0013] Silicones that can be used to selectivate the‘catalyst include the

following:



65Q0C, nore preferably 4250C to about 5500C, at a WHSV
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nore preferably fromabout 0.1 to about 1 noles of
hydrogen per nol e of organi c conpound, and optionally
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another inert gas per nole of organic conpound. This
process is conducted fof a peRiod of |[time until a
sufficient quantity of ¢oke his deposited on the
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hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, hexaphenyl

cyclotrisiloxane and octaphenylcyclotetrasiloxane. Mixtures of these compounds
may also be used as well as silicones with other functional groups.

[0014] Useful siloxanes and polysiloxanes include as non-limiting
example hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethyl
cyclopentasiloxane, hexamethyldisiloxane, octamethytrisiloxane,
decamethyltetrasiloxane, hexaethylcyclotrisiloxane, octaethylcyclo tetrasiloxane,
hexaphenylcyclotrisiloxane and octaphenylcyclo-tetrasiloxane.

[0015] Useful silanes, disilanes, or alkoxysilanes include organic

substituted silanes having the general formula:
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cyclotrisiloxane and oct aphenyl cycl ot et rasi | oxane.

M xtures of these conpounds nay al so be used as wel |

as silicones with other functional groups. [0014]
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s dlsebitl ialkaxpslane arg thdse vdbres leastonsesileonibydrdgen bond.

t ?&W)?’] ques (ilfl go{)lrte?e%eldn %n{blg)giment, the molecular sieve catalyst is
selectivated using the combined selectivation techniques of contacting the
molecular sieve with a silicon compound and treatment with magnesium and/or
phosphorus.

0018 Usually the molecular sieve will be incorporated with binder
[0018] y rporate

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

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

will vary widely with the molecular sieve content ranging from between about 1
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Bi), and Group VIIA metals (i.e., Mn, Tc and Re). Noble metals (i.e., Pt, Pd, Ir,
Rh, Os and Ru) are sometimes preferred, most preferably Rh. The hydrogenation
component may also be accofnpanied by another metal promoter.
[0022] The amount of Group VIITA hydrogenation metal present on the
catalyst will usually be from about 0.1 wt.% to about 5 wt.% of hydrogenation
metal based on the weight of the catalyst. The incorporation of the hydrogenation
metal can be accomplished with various techniques known to those skilled in the
art. For example, the metal can be incorporated into the catalyst by impregnation,
or by ion exchange of an aqueous solution containing the appropriate salt, or by a
combination of these methods. By way of example, in an ion exchange process,

platinum can be introduced by using cationic platinum complexes such as

tetraammine-platinum (II) nitrate. In addition, the hydrogenation function can be
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less than 50, even more preferably less than 25, and most preferably less than 10.
As used herein, the alpha value is a measurement of the Bronsted acid activity of
the selectivated molecular sieve, i.e. it discounts the effects of the addition of the
hydrogenation component on the alpha value of the molecular sieve. The alpha
test is described in U.S. Patent No. 3,354,078 and in the Journal of Catalysis, Vol.
4, 522-529 (1965); Vol. 6, 278 (1966); and Vol. 61, 395 (1980), each incorporated
herein by referenced. The experimental conditions of the alpha test preferably
include a constant temperature of 538°C. and a variable flow rate as described in
detail in the Journal of Catalysis, Vol. 61, 395 (1980). Typically, molecular sieves
having a higher silica to alumina ratio will have a lower alpha value. Regardless,

the alpha activity of a catalyst can be reduced in accordance with techniques
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[0026] In an embodiment, the molecular sieve used in accordance with
this invention has a hydrogenation metal comprising rhodium. The use of
rhodium as the hydrogenation component has been found to reduce the amount of
synthesis gas formed due to the decomposition of the alkylating agent (ie.
methanol in the preferred embodiment).
[0027] In another embodiment, the molecular sieve used in accordance
with this invention has a hydrogenation metal comprising platinum, and a
selectivating compound comprising phosphorus. When such a molecular sieve is
used in the process of this invention, and wherein water is co-fed into the reactor,

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

agent (i.e. methanol in the preferred embodiment) is found to be reduced.
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alskyls@tcdoR® in decane, stripping the decane, and calcming. This procedure was

repeated three more times. The 4X selectivated material was then steamed in
100% steam at atmospheric pressure for 24 hours at 1000°F (538°C). The final

material had an alpha value of 17.
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Example 3. Steamed, 3X Silica-Selectivated H-ZSM-5/SiO, (Catalyst C)

[0030] Silica-bound H-ZSM-5 (0.4 pm, 26:1 Si:Aly) extrudate (65/35
ZSM-5/ Si0,, 1/16” cylindrical) was selectivated with silica by impregnating with
7.8 wt.% Dow'™-550 silicone in decane, stripping the decane, and calcining at
1000°F. This procedure was repeated two more times. The 3X selectivated
material was then steamed in 100% steam at atmospheric pressure for 24 hours at

1000°F (538°C). The final material had an alpha value of 15.
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Example 6. Catalytic Evaluations of Catalysts A and B

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

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

platinum hydrogenation component, however, the test data indicates poor stability
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wEtlxlllmrrIﬁEa Iga %?f%mlﬁgln%rggna%gf &gta:i)gs(Jt/QF‘ J&ttt!ﬁ?fgtoé) utilization
[0037] - The catalyst of Example 8 was loaded with 0.1 wt% Pt by
incipient wetness impregnation with tetraammine platinum nitrate, followed by

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

Example 10

[0038] The following catalytic data presented were obtained over
Catalysts F and G using a downflow fixed-bed reactor with the following
operating conditions, unless otherwise noted on the figure: Temperature = 500-
585°C, Pressure = 40 psig (377 kPa), Hy/hydrocarbon molar ratio = 2,
H,O/hydrocarbon molar ratio = 2, pure methanol and toluene feeds at 1:2 molar
ratio, WHSV = 2-8 h”! based on sieve-containing base case catalyst. The catalyst
load was 2 g. For the 1:2 molar feed mixture, the maximum toluene conversion

expected from reaction with methanol would be about 50%. Methanol utilization
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' ef?}?etci?t{edvxégc?ortvtf]i?h ’Ih%lflolcl)(\),gvirr]l% operating conditions, unless otherwise noted:
Temperature = 500°C, Pressure = 15 psig (205 kPa) - 150 psig (1136 kPa),
Hy/hydrocarbon molar ratio = 2, pure methanol and toluene feeds at 1:3 molar
ratio, WHSV = 8 lr”! based on sieve-containing base case catalyst. The catalyst
load was 2 g for the base catalyst runs. For the 1:3 molar feed mixture, the
maximum toluene conversion expected from reaction with methanol would be
about 33%. Methanol utilization is reported as (moles of methanol converted) /
(moles of xylene formed — moles of benzene formed). Benzene is subtracted to
account for any xylene formed by the disproportionation of toluene to xylene plus
benzene.

[0043] Referring to Figure 8, the catalytic performance of the reference
Catalyst H shows good stability and methanol utilization, but no enhanced para-
selectivity. High initial benzene formation (7%), due to toluene
disproportionation reaction, was obtained. The toluene conversion declines with

the time on stream. This decline is mainly due to the loss of catalyst activity on
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figure: Tenperature = 500- 5850C, Pressure = 40 psig

W@ 303/06R2ag , H2/ hydrocarbon nolar ratio = 2, PCT/US2004/037785
B"Q hydrocarbon nolar ratio = 2, pure nethanol and
tol uene feeds at 1:2 nolar rafro, WHSV = 2-8 h 1 based
on si eve-containing base case catal yst. The catal yst
| oad was 2 g. For the 1:2 nolar feed m xture, the
mabé ralnerteodisgroportiomitmnsieastioax pEag behzeno fornméion idsereasedhfrom
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subtracted to account for any xylene formed by the
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z ddleirewilting/matatialdudpm adpn veluezg 05 (70-75:1 Si: Al 2)

b with silica (binder.content 30%of final .
cJBEyet) " hebERegnditE EEOR! B et d P Pangtipn treatment
Sidobstd! thé PafazxyBéH: selckifity Yrom BBEuPI @R b aboaN60%. SHoWeder, a
zeolite-bound-zeolite is described in U S. Patent Nos.

5, sbight ispmctenths conlystatabilih dolpenegonyansion; agd mgthangh utilization

al. val f 0 Ty Ny

TSPV R oS i RaibE ey 130 PR TE) S6upa)
Wiviehsuk 39 ik | @46 riPap pedudd imdoveanghira-xglese sulebigsisy (58% versus
ot hgrvvi se noted: Tenperature = 5000C, Pressure = 15
p<I5G°X% 205 kPa) - 150 psig (1136 kPa), H2/hydrocarbon
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siExamplenBail iiiwtd/ol Jewt % Mg ianmiegsated Tragalky st I(¢Catalyss ol

}Iﬁég}%gx{ 8: ,hréf Wgt% yest Cgft %}yasﬁltpler u&s'wall:so rm(t)cﬁﬁec} : v%itﬁoll.%r’ wt.%

phosphorus (P), and the resulting material had an alpha value of 37. Referring to

Figure 10, Catalyst J was evaluated in a toluene methylation reaction at different
hourly space velocities, with and without co-feeding water, and at different
reaction temperatures. The data show that increasing the hourly space velocity
from 4 to 8 resulted in higher para-xylene selectivity (78% versus 63%). In

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

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

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

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



maxi mum t ol uene conversi on expected fromreaction wth
met hanol woul d be about 33% Methanol utilization is
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xyl ene formed - noles of benzene forned). Benzene is
subtracted to account for any®xylene formed by the
di sproportionation of toluene to xylene plus benzene.
[0043] Referrlng to Figure 8, the catalytic
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due to toluene disproportionation reaction, was
obt ai ned. The tol uene conversion declines mnth

tExample 45+ eﬁwt%u@ad%éwr Wi Bvivai Mg, lmn@mtq%@mfa}xgt H

{9 fy§4 )<;.t activity onthe toluene disproportionation
ron.” The benzene fornation decreased from 7% to
| 8948} han 2Vhewcdtilyst of Exioples14 Emammldﬁieﬂ&mtﬂ OVt % dfxhodium

B0 GOBE T e enttih CmpOTRAL s ROP i FRISRAR Y RlE Mo figeotved
f 3l dcQWi A WRBN eThis STHRA ya gnbw a&aeh% atéyc%hﬁg,& of ﬁ?@gg]e 14

was di ssolved in 27.95g oni d wat er IS SO

vasa shtaml immegtetbrt OTHO CgatfystCahaiyisdd Well rand the:ﬁ driyd at 250°F
i npregnator. The catal yst was dried at anb

cagél %/FW

Qi wisigherlie ghtalysirias thep spipined wadult air @t ﬁ@EFa(649°C) for

?ﬁf@lﬁsgé&m/& 3 hours in full air (3 vol/vol/min).

ere ng mat'eri al had an al pha val ue of 20.

[[13045]] Ref eAs i shgwhow tRiglregU2, e signifivaginestalyd stabilization was
regnation treatnment boosts the_ para-xyl ene
s e v ;th$ rasigitiono ot tb@%ndéo@%teﬂn SOPORGhe viediug, while

%hﬁ%mhgﬁ 1 lﬁﬁe&?é t stability, toluene

conver si | zation is shown. Figure 9
aj0960}s hows Ma)&tovlan agb ehowmm:]:’ugore I, @asphass ahdlpds mﬁh@tes that

136 kP ersus 50 [ 446 kPa) result in_lo
G SRe it B8 (B0 Al roRatibinn roetiongy. thesa eSOl sieve in

1ac'é$fda1{€é3 with 4 i0eMBloh &T&f&%ﬂk%@%&' H&thaddl Qigéérgf)é/s:?‘ﬁ%n to
J) [0046] The catalyst of Exanple 12 was nodif

1syRthesisogas, in particular when water is co-fed into the reactor. As used in
Figure 13, the term "MTPX" refers to a 4X silica selectivated H-ZSM-5/Si0,
molecular sieve. In addition, Figure 13 shows that selectivation of the molecular
sieve with phosphorus while co-feeding water inhibits the unwanted methanol
decomposition to synthesis gas when used with other hydrogenation components.
For example, a molecular sieve catalyst in accordance with the limitations of this
invention having platinum as the hydrogenation component and phosphorus as the
selectivating component has a reduced methanol decomposition to synthesis gas

when water is co-feed into the reactor.

Example 16. Catalyst M

[0051] Silica-bound H-ZSM-5 (0.4 pm, 26:1 Si:Aly) extrudate (65/35
ZSM-5/8i0,, 1/16” cylindrical) was selectivated with silica by impregnating with
7.8 wt.% Dow ™-550 silicone in decane, stripping the decane, and calcining at

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



phosphorus (P), and the resulting material had an

al pha value of 37. Referring to Figure 10, Catal yst J
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different hourly space velocities, wth and w t hout

co-feeding water, and at dlfferent reaction
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space velocity from4 to 8 resulted in higher
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phbdgitrireds watghi ad@sltﬂot"édg ohthe fteamagd qmlwtu a‘m% rmmga the
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selectivity from75%to 93% at the sarre condi ti ons.
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( £eal gt y660LY (F400DSfpr Theutsa(Bazbys(tl/mfn)Exarrpl e 14 vvas
nodi fied with 0.1w % of rhadiu Qng
hi¥8dhenat i BhO@BWpéb#emle e Z@g)owa%élsm/la%tné UL g of

SRLYPH e 18 9 Tthe c3@fvet id0e Wafie §11tQWsﬁ/was
agﬁ %%{ fdhe ca F’{})é o}w%xalgp?e ?ﬁ | I¥ a rotary

| fpeigwell and thehadrizdt AI1286¢F ‘(\BQSI"@j fad Weldrk. amed damyst was then
dried at 2500F (1210C) overni g The catal yst was
t padeinedincfuHair at OO (BAIG) fonr 3 Gu63 yadsad@)inkor 3 hours

SSRL L Cant ThétennliR QbuaRn ARl isa MR AR %
M% tan@ni . ofwitRep hydr egalal vue 0ABANFbr t6 RdirpiFution of the

e. nalnta|n|ng hi gh para-xyl ene selectivity. [0050]
@mtlmagorgmt | n Figure 13, gas phase anal ysis

ﬁt es t iig‘met tﬂé cﬁxﬂggi KRl % Bt Y QUGB and

ent fo u ar
w1thout co-feeding water. The catalyst is stable and selective.

Example 17. Steamed, 3X Silica-Selectivated H-ZSM-5/Si0,

[0057] Silica-bound H-ZSM-5 (0.4 pm, 26:1 Si:Aly) extrudate (65/35
ZSM-5/8i0,, 1/16” cylindrical) was selectivated with silica by impregnating with
7.8 wt.% Dow™-550 silicone in decane, stripping the decane, and calcining at
1000°F. This procedure was repeated two more times. The 3X selectivated
material was then steamed in 100% steam at atmospheric pressure for 24 hours at
925°F (496°C), 975°F (524°C) and 1000°F (538°C) to form three catalysts having
alpha values of 51, 32 and 15, respectively.



accordance with this invention reduces the unwanted

nmet hanol deconposition to synthesis gas, in particul ar
woh@s/oeEber is co-fed into the reactor. As useRPCT/IS2004/037785

Figure 13, the term "MIPX" refers to a 4X silica

sel ectivated HZSM5/Si O 2 mfirecul ar sieve. In

addition, Figure 13 shows that selectivation of the

nol ecul ar sieve with phosphorus while co-feeding water

i Bxamplestd: ol rlEtOd net hanol deconposition to
im%gﬁs” S O/ g rlexﬂ%??t’evgbb'%owﬂq Ryg@0 ﬂlﬁhhﬁ? V\éﬁ%s llore]lded

ents. For exanple ar sieve cata
awtthrodhme &6 Wit by ihbtipicnt metmbs ﬂnpregﬁatiohl with mwtﬁraimmne platinum

havi n% gﬁ[@x&%&mﬁ%? %é?&?@ég B{Sgﬁgﬁ‘ Erp%ﬁ?é‘?‘lngg 51%395 in air at

r&g@ap%@l hanol deconposition to synthesis gas when
water is co-feed into the reactor. Exanple 16.
Cat al yst M [0051] Silica-bound HZSM5 (0.4 nm 26:1

Si1A 2 utﬁg’tesl"e‘]az/ss ZSM 5/ Si &2, 1/16"
cykema dic WatanSt ed with silica by
@S%nat ' ngat‘ﬁ’lyttl'a cYate{3 h%lﬁ/mﬁmneé%n@ é'd%%ﬁcl)wnﬁéed-bed

cane, strippi'ng the decane, and cal cining at
(53809 . wirhi theprfollesdinge opersiting p eertdéidorsywouniense othemwise noted:

3Xsel ect t d 100%
o G 0k S SRl 3 et P ) T et G paolar rato
(496 )purd BOSRN01MAGNEmERTRES 5tal:8 niigxaMer WHES Y 2359 hd)based

was dlssolved in 13.23 g of deionized wat er and added
t on 48vercoritaining base anseccagaly sl yidwe camiyss doadi whnhg mixtee of 0.4 -

I 0 {__at
o853 3t 408 0 U DY R £ RO O e coya
(&38L&Iplé ©7. 1 hour (5 voI [vol /'m n). [0053] Anmoni um
phothate (2.08 was di ssolved in 13.46 dei oni zed

] and spéwyyt die @ sadplyst lgast (gf QBe pﬁ@eﬁ@ﬁ%pf Fxample
RO 2 BEE Bl flaklcRCard 1P oL BB 17 YBSinE0h ibHRLaRRORE).

ours e cat st was I cined in
f [00b1Ri r at C%@@m(maoﬁ)alymoaa dfduBsthe 2xtradldiv of Example 18

0038], PRl dm ol 11 et 670, 07000, s, . ol veo
OfookRe cat aby@lysAPONR: a ERGIySAIALYST 0 M8She extrudate of Example
18and 2 g of the steamed catalyst of Example 17 having an alpha value of 15.
[0063] For the 1:3 molar feed mixture, the maximum toluene conversion
expected from reaction with methanol would be about 33%. Methanol utilization
is reported as (moles of xylene formed — moles of benzene formed) / (moles of
methanol converted). Benzene is subtracted to account for any xylene formed by
the disproportionation of toluene to xylene plus benzene.

[0064] As shown in Figures 15-17, each of Catalyst N, O and P indicate
good stability. Catalyst O appears to maintain the highest para-xylene selectivity
of 85% with toluene conversion at 7%. Catalyst P exhibits the highest toluene
conversion at 14% with good para-xylene selectivity of 73%. This Example
indicates that the hydrogenation function does not have to be located directly on
the molecular sieve to be effective in accordance with this invention, as long as

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



m xed well and then dried at 2500F (1210C) for 4

hours. The catal yst was then calcined in full air at
wWoD8M6eg484190C) for 3 hours (3 vol/vol/mn). [OPSBEPSZhE037785

resulting catal yst had a conposition of 0.1 wt.% Rh,

0.76 wt.%i My, and 1.5 wt . %%, and an al pha val ue of

51, prior to incorporation of the hydrogenation

conmponent.. [0056] Figure 14 shows the catal yst tested

athig prameplen ephy@]mm%qn wetah can devimmiegnatedoOntacan prgorphous
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[0057] Silica-bound H-ZSM5 (0.4 mm 26:1 Si:Al 2)

extrudate (65/35 ZSM 5/ Si 2, 1/16" cylindrical) was
sEramplal duTYeRi, 3R SilleaSelpefiarPboti4P Hprognsied Z5My . o

D:'?)§40'C§91 i{ldcone in decane, stripping the decane,
an cza(l cl nfgng?)at 10000F. This procedure was repeated

t [0965pr e ti Bikica Hduad3N-Z8MeT (i@l eli: Ah) enitmbatea&S0r30e Z.SM-
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Bvad ieptitedsvd RREROlimeant Thy 8 X GeldativhtdtemeielalwhetHRR B8 Yith
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opérE Yo by riacipicohyetngsy Bapregnationwigle thestien: chloride hydrate,

T =~2000C. .P % 15 psi o
(SRR e D7 2 BN R Aottt e of R Bl e
t Rbwigne chieseishal a lbﬁgﬂﬁﬁ@d of 811 W5.2%\IISYnd 13wBoP kndasi &fbha
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| e ofdls PrOModpeaTpOIgHion ofithe hydwegnagiongomppment/ Al 208 of
56068 © 18 Riningtnd'to Fiurd S8PESAIVHE aBlSAIRA SR BhiRY: @

maintains high para-selectivity and excellent catalyst stability.



of Exanple 17. [0060] Catalyst N has a catal yst |oad
of 0.8g of the extrudate of Exanple 18 and 2 g of the
wgor@anesiocat al yst of Exanpl e 17 having an al pheCTwab2064/037785
of 51. [0061] Catalyst O has a catal yst |oad of 0.8g
the extrudate of Exanple 18-3fd 2 g of the steaned
catal yst of Exanple 17 having an al pha val ue of 32.
[0062] Catalyst P has a catalyst |oad of 0.4g the
eXil:ABMSe of Exanple 18and 2 g of the steaned catal yst
oﬁggﬁanale 7. having an al pha val ue of 15. [0063] For
t NEPAIBC NSt eed ni xture, the maxi num tol uene
conversion expected fromreaction with nmethanol woul d

be about 33% Methanol utilization is reported as

(rtol es Zof pregdsentorf éerpang - a nislectively Blivlasert drempatel) compound
(nol es of netha .conye . B 1S r .

(oL e Bl R Bipg SRRk %o S v
di spr opedrhatnabmpouf selctedn€rohD thy| gdep ptdisistiagzenaoluene,
[0064] As shown in Figures 15-17, each_of Catalyst N,

O and Penzsaec asphthalene. salkyi paphjhaleng and smixtusp fhegeef fp the

mai nt ai | - S WYY . O

e TR 8080 AR ELERD! Kokl B
hi ghestcoinplisiape wioetiestsd aroleduldr4iovel dnd agydemdt one hydrogenation
par a- xyl ene selectivity of 73% _ This Exapple indi.cates
that t HeetlyWhergBraidsashone pfche ogRRCaRit O e Asiosh

| ocat eq, di T Qg 41 R0vABE nLERH! BveShRYE: MR Yalue of less than

effective in accordance wth this inventi as | ong
as t he 109 griogwnatirporafiom of sapdaf lsast onphydkbgirtation metdheand

nol ecul ar si eve. shown .i.nt.hi s ex l.e, .the

Pydr ogdnat ; SR AEtRvESS, “H8 IO HeEaRIAT APIGNAY Sve hes an alpha
anor phofe PR antilpat is co-mngled wth the active

nol ecul ar sieve catal yst. Exanple 20. 0.1%nh, 3X

Silica-Sel ectivated, 1% inpregnated ZSM

5/.Si Q2(,Cat al 0065] _Si |i b d,H-ZSM5 (450:1
2/ BRI 1 o081 o S bR b Do

cyl i ndrdogptixingafeataded wikititihg Wagek Rvitly 4 nfeédi ®fiprising an
wet ness i npregnation with ammoni um phosphate, dryin
at 2500¥onati] goypawef cglestedi Aignt Jhe 3gmBRr cosistiag r ofloluene,

\::'vg 200F b(eg;e%Q,C)napﬁﬂaﬁelPéj 05119910 Elh'ﬁltﬁeﬁ&{ea 'aﬂﬂ Ngixfeses théljegf in the

presence of a catalyst under alkylation reaction conditions, said catalyst

comprising an intermediate pore size molecular sieve selectivated by

treatment with phosphorus and a silicon compound, and further comprising

at least one hydrogenation metal, wherein at least one of the following
conditions is satisfied:

a. said selectivated molecular sieve has an alpha value of less than
100 prior to incorporation of said at least one hydrogenation metal,
and

b. said selectivated and hydrogenated molecular sieve has an alpha

value of less than 100.

3. A process for forming a selectively alkylated aromatic compound

comprising reacting an alkylating agent with a feed comprising an



then selectivated with silica by inpregnating with 7.8

wt. % DOWtm-550 silicone in decane, stripping the
walewanes40@nd cal ci ning at 10000F (5380C). Thi SPCT/US2004/037785

procedure was repeated two nore tines. The 3X

sel ectivated material was théh-loaded with 0.1 wt.% Rh

by incipient wetness inpregnation with rhodi um

chloride hydrate, drying at 2500F (121C), and

cal ci niargndtisr cempounds selectgidr fram 6o ogropB 4ompistimgeof toluene,

resul ting catal had 0 I tion LWt .
and 1 :an?z%ng, gﬂ%ﬁgﬂe%ﬁ’ paﬁléy vg?pglzh%#nel aH (]éJ rlgbngurte d BB in the
| ncor peEekadnofOd chiaByshyaddafkyhiicN rdaongD Betitiods) 04iG] catalyst
Referring now to Figure 18, catalytic data shows that

Cat al ysemorigiag ranaiviermedipie pareasize| epelpenlary sigygy selectivated by
excel | cat al yst i1t | | al
Tas . SR NE oDt hodde B Al sifeef, Slfing, and

ar onat ifgrtlge? PIHAing G EasS dighy dragdnatign areta) Wiibrein atdeast one |
agent with a feed conprisjng.an aronmatic conpound
sel ect edtherlohoving cgpdiligneissatisicdhg of t ol uene,

benzeng, n agﬁitgh%ke%ﬁsate@ Ing%{écum pg?éd%allla%nzﬁl gﬁa ;VFEIE WSRss than

thereof in resence a catal yst un yl ation
reacti on conddtprions insaipdratiah aff yaitl at Bagpransihygragenation metal,
sel ecti vat ed | ecul ar sieve and at | east one

hydrogenati df%netal, wherein at |east one of the

fol I owigng C%Qﬂi sfeﬁé&ﬁ%afbé apdtHyafdRfate@ mi&hdhr sieve has an alpha
sel ectivated nol ecul ar sievé has an al pha val ue of

| ess than 1G@luysrofdess tlmnil@0or porati on of said at | east
one hydrogenation netal, and b. said selectivated and
hydr ogenat ed nol ecul ar si eve has an al pha val ue of

| gss tb@gpr%&%s for AoriR€ es Ssd@hivél9r Rikythtdl S@b@sfid V@mpound
al kyl ated aromatic conpound conprising reacting an
al kyl atcomprisiggnteaglingh an plkatitiggnpgeans wigh ah faedbragmpeising an

conpound sel ected fromthe .gr nsj St i .
t ol uené'l,rmB%hcz SREPORLD hsteLeg %n ér?’y‘gﬁﬁ‘% gljrﬁ)glé) h?cﬁlaslg{elﬂ ofh dotuene,
m Xt ur égnidhel @aphthilefid)calRylesepiabaloie and ahbltyret thadef in the
al kyl ation reaction conditiagns, .said catalyst .
presence of a catalyst under alkylation reaction conditions, said catalyst
comprising a zeolite-bound-zeolite molecular sieve selectivated by
treatment with phosphorus and magnesium, and further comprising at least
one hydrogenation metal, wherein at least one of the following conditions
is satisfied:
a. said selectivated molecular sieve has an alpha value of less than
100 prior to incorporation of said at least one hydrogenation metal,
and

b. said selectivated and hydrogenated molecular sieve has an alpha

value of less than 100.

5. The process of claim 1, 2, 3 or 4 wherein said reaction conditions comprise
a temperature range from about 300° C to about 700° C, a pressure range
from about 1 psig (108 kPa) to 1000 psig (6996 kPa), and a weight hourly

space velocity of between about 0.1 and about 200.



conprising an internedi ate pore size nol ecul ar sieve
sel ectivated by treatnment with phosphorus and a
W@ pdosoeszo€ onpound, and further conprising at |RPEBUSHNE037785
hydr ogenati on netal, wherein at |east one of the
fol I owi ng conditions is sati$fied: a. said
sel ecti vated nol ecul ar sieve has an al pha val ue of
| ess than 100 prior to incorporation of said at |east
one hydrogenation netal, and b. said selectivated and
hydr ogenat I S
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al kyl at}@drlgrspmt\»‘emcﬁpmrpmemahgecnfrbretvseeng and Dot i ng an
al kyl ating agent with a feed conprising anaromatic
conpound sel ected fromthe group consisting of
t ol uenep, b %@&e of r@zﬂﬁlt %almelnagﬁglregt?c%t | .ERGIcRRA with a
m xtures t ereof presence o cat al yst under
al kyl athydﬂ)gﬁeﬂa@hydmcarbmdnatm@lﬁg l.sai d catal yst
conprising an internedi ate pore size nol ecul ar sieve
sel ectivated by treatnment with phosphorus, nmagnesi um
and a sy 188 OFERHAS, w%@féuf il 3 REI:ti6R BBdifbmOuRther comprise
| east one ‘hydrogenat| on met wherein at | east one of
t he f olddditiongf hydwdigen airvspartsalsmetssmfemé dt least Sgmi (B4 kPa).
sel ectivated nol ecul ar sieve has an al pha val ue of
| ess than 100 prior to incorporation of said at |east
ore hydfRgs& sk @f‘clﬁﬁﬁ 8] whé@Bi SRid £8d tirBRl 86hpN Rk Seht@herein
hydrogenat'ed nol ecul ar si eve has an al pha val ue of
| ess t Hao nid@. ratio of (p) saiédiydrogen fand spidgwates &t ot Jaideppmatic
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conmpoungogelected fromthe group consisting of
tol uene, benzene, napht hal ene, al kyl napht hal ene and
m xtures thereof in the

10.  The process of claim 1, 2, 3 or 4 wherein said selectively alkylated

aromatic compound comprises para-xylene.

11.  The process of claim 10, wherein said process comprises the methylation

of toluene or benzene.

12.  The process of claim 10, wherein the para-xylene selectivity is greater than

60%.

13.  The process of claim 10, wherein the para-xylene selectivity is greater than

75%.

14.  The process of claim 10, wherein the para-xylene selectivity is greater than

80%.

15.  The process of claim 10, wherein the para-xylene selectivity is greater than

85%.



presence of a catal yst under al kylation reaction
conditions, said catalyst conprising a

waQ embioesaedound- zeol it e nol ecul ar si eve sel ect i REX/Es2004037785
treatment with phosphorus and nmagnesi um and further
conprising at |east one hydréyenati on metal, wherein
at least one of the following conditions is satisfied:
a. said selectivated nol ecul ar sieve has an al pha
val ue of less thdn 100 prior to incorporation of said
at | ea I
Sdfecr s aeny ol BHETRLWRE TR gordRlche Alifiny is reater than
al pha watdie of Iess t han 100. 5. The process of clalm
1, 2, 3 or 4 wherein said reaction conditions conprise
a tenperature range from about 300 C to about 700 C, a
pressu 1 |
D47 (G5aRRRSS of SRR pb ¥ il LA oh LRy olipving
betmeemomhﬁumn@sﬁwﬁad about 200.6. The process of

claim5, wherein said process i.s c nduct a
hour | y 2spac éP@E‘ilY%;eqoli‘?"%ﬁ‘éla’E %}ﬁ&’e anyplp \éﬁi‘lﬁo %thﬁan 50

20. 7. The lefﬁﬁic&fﬁoﬁhéﬁ BY shid m%ﬁs%'oﬂe ﬁgdﬂél géRfbh hﬁﬂal and
is conducted wth ydrogen to hydrocarbon rati o of

2:1. 8b.The spmmsva;téd ehdihydfgendied ehaleqiddrdsievsaleasi amalpha

conditions fuyrt C i.se addition of hydrogen at a

partial pr eé’g{‘lﬁeé’?iqssggglsgast 5 psi (34 kPa). 9. The

process of claim5, wherein said feed further

conprises water wherein the nolar ratio of (a) said

hyt8r ogdieamrdossaiofl cleamet, 2.3 b} whareinaatdaest ioge @b o follpwing

and said %b ]E{I at'ts%‘ ggent in the feed i s between about
0.01 t §ORPBEYS 264" 5™ The process of claim1, 2, 3 or

4 wher @i n sahid ssRkeEdtéd@blkcalakyiedd Bk Ar slpkd vatucofipsshan 25
conpri ses para-xylene. 11. The process of claim 10,

wher ei n sai PrigF BtiasarpesHpp PEeadd ?ﬂéasr*r@flﬁ Dydrpggption metal, and

b. said selectivated and hydrogenated molecular sieve has an alpha

value of less than 25.

19.  The process of claim 1, 2, 3 or 4 wherein at least one of the following
conditions is satisfied:
a. said selectivated molecular sieve has an alpha value of less than 10
prior to incorporation of said at least one hydrogenation metal, and
b. said selectivated and hydrogenated molecular sieve has an alpha

value of less than 10.

20.  The process of claim 1, 2, 3 or 4 wherein said alpha value of said
selectivated molecular sieve is reduced, if necessary, by at least one of
steaming said selectivated molecular sieve and ion exchanging said

molecular sieve with cations.



of toluene or benzene. 12. The process of claim 10,

wherein the para-xylene selectivity is greater than
W®OM5/048306 The process of claim 10, wherein thePCT/US2004/037785

par a- xyl ene selectivity is greater than 75% 14. The

process of claim 10, wherein24he para-xyl ene

selectivity is greater than 80% 15. The process of

cl ai m 10, wherein the para-xylene selectivity is

gpkat eTh¢ pare8566d€m Thehgeincesismolecelrnigye &, selggByaipd by at

The pr esaneat tensn 1rpnteBpt AR BRI il bé;soke, o

of thegfiohd %T%t%rﬁ%dicbinﬁﬁﬁtibl% watebsfied: a. said
sel ectivated nol ecul ar sieve has an al pha val ue of

| ess than 50 prior to incorporation of said at |east

0 hydr ogenat i t al, d. b ' '

i ogdhade e dbeuay st Bye e aftaieh Sk FiaEpRARd by
| ess t hannRf wkd phifBoRioRassesitin sidd pilidon Gomgbuad. 4
wherein at | east one of the following conditions is

satisfied: a. said selectivated nol ecul ar sieve has an

h | fl I h ' ' -at.lian:
230" ot datton 8 it Spuhe i L mb e AERGRRE Suegialed by

sel ect ipsathet vt physihopenat edilivoheomlpaundi eve has an
al pha value of less than 25. 19. The process of claim

1, 2, 3 or 4 wherein at |east one of the follow ng

ﬁg?di thR0S b SesS B! HitnCH: wherefPHH £161eBhiat WRYVEDs selectivated by
I'ph fhan 10

_ECuIar_S|eve as an a a value of less an
prior teatnteewbrmignesiunfandaisdicah compstndne
hydr ogenati on netal, and
25. The process of claim 2, 3, 21, 22, 23 or 24 wherein said silicon compound

comprises silicone.

26. The process of claim 25, wherein said treatment with said silicone

comprises multiple treatments with said silicone.

27. The process of claim 1, 2, 3 or 4 wherein said incorporation of said at least
one Hydrogenation metal is by at least one of impregnation, ion exchange,

physical intimate admixing and a combination thereof.

28.  The process of claim 1, wherein said at least one hydrogenation metal
comprises at least one of a Group VIIIA metal, a Group IVB metal, a

Group VB metal, a Group VIIA metal and mixtures thereof.

29.  The process of claim 1, wherein said at least one hydrogenation metal
comprises at least one of Pt, Pd, Ir, Rh, Os, Ru, Nj, Co, Fe, Sn, Pb, Sb, Bi,

Mn, Tc, Re and mixtures thereof.



b. said selectivated and hydrogenated nol ecul ar sieve

has an al pha value of |ess than 10. 20. The process of
w@b@snoesps 2, 3 or 4 wherein said al pha val ue OPCHEBIH04/037785

sel ectivated nol ecul ar sieve is reduced, if necessary,

by at |east one of steaning-3aid selectivated

nmol ecul ar si eve and i on exchangi ng sai d nol ecul ar

sieve with cations.21. The process of claim1, wherein

sa0d ndlhe qubesss sifestaini 4, sdewit saidtasdedsy one hysaegenaien metal

of treatnent w th phosphorus, magnesium a netal

oxi de, SBBRESSSL s | i con conpound and combi nati ons

thereof. 22. The process of claim1, wherein the

nol ecul ar sieve is selectivated by treatment with .

pids phdihesproessgradseleim dntvharesn said o leassegnaydrogenatione metal

process of .claim 1, wherein the nolecular sieve is

sel ect “PHPEF Y™t r eat ment wi t h phosphorus and a

silicon conpound. 24. The process of claim1l, wherein

the nol ecul ar sieve is selectivated by treatnegt W th

meégnesiTln raaeesa of iclaimoh 2 oid otheaein said caily s fgrhscogyprises a

claim 2, .22 23 or 24 wherein said silicon
conpou%@“%%ﬁ%%?gés silicone. 26. The process of claim

25, wherein said treatment with said silicone

conprises nmultiple treatnments with said silicone. 27.

TH8- pr ddegoesss of Llawnl, whergin gaidjcafplxstesHMRILes) 2 ZeOIzlte bound
incorpg%gwkon of said at | east one hydrogenation netal

is by a east one of inpregnation, ion exchange,

physi cal intimte adm xi ng and a conbi nati on thereof.

byt og CHERTSTESR et SR anpy 7 Sl eTB AR SkDeipd By gfprises
VITTA nehalss ofle GF QndndB diBlealyletiter Gty 1 Bori®R, @hothydbromide,

Goup VITA netal and m xtures thereof. 29. The process
of cl aimethylcavbenaten sweidldghydeeas dinaikodypthepgenaceione, and

metal c i se t |east one of Pt, Pd, Ir, Rh, OCs,
Ru, Ni ,‘ﬁg{hyﬁséfﬁ%n, Pb, Sb, Bi,

35.  The process of claim 1, 2, 3 or 4 wherein said alkylating agent is formed

from synthesis gaé.

36.  The process of claim 1, 2 or 3 wherein said molecular sieve comprises a

ZSM-5 molecular sieve.

37.  The process of claim 4, wherein said zeolite-bound-zeolite comprises a
ZSM-5 core zeolite crystal bound with silica, wherein said silica binder is

converted to silicalite.

38. The process of claim 37, wherein said ZSM-5 core.zeolite crystal has a

silica to alumina ratio of from about 70-75:1 Si:Al,.



Mh, Tc, Re and m xtures thereof.30. The process of

claim1l, wherein said at | east one hydrogenati on netal
weewpneses Pt. 31. The process of claiml, wheP€i/msSmai/oBs7785

at | east one hydrogenati on netal conprises Rh. 32. The

process of claim1, 2 or 3 wiérein said catalyst

further conprises a binder material. 33. The process

of claim1, wherein said catalyst conprises a zeolite

b&9nd Zéwel proeess 3. claine3pr vhersin gid birgigrncsnmpz',sessfrom apout 25

of et e © Sl WP SRR RO Ble FERf o SR e bouna

nmet hyl egmgede, net hyl carbonat e, acet al dehyde,

di met hoxyet hane, acetone, and di nethylsul fide. 35. The
process of claim1, 2, 3 or 4 wherein said al kyl ating
agant Iﬁief gr&%go%ﬁﬁ% §¥,n\;vH *nssaﬁﬁf‘eo}i?’e@bo&'&%e@fif%%%% sﬂ[ca to
clai m 1, P erein sair d nolecular sieve conprises
a ZSM Llubing ¢atirs! greavethardd00: TRBRARY ocess of claim 4,
wherein said zeolite-bound-zeolite conprises a ZSM 5
core zeolite crystal bound with silica, wherein said
silica binder is converted to silicalite. 38. The
process of claim37, wherein said ZSM5 core zeolite
crystal has a silica to alumna ratio of from about
70-75:1 Si: Al 2.39. The process of claim 37, wherein
sai d binder conprises fromabout 25 wt.%to about 45
wt . % based upon the wei ght of said

zeol i te-boundzeolite. 40. The process of claim 37,
wherein said zeolite-bound-zeolite has a silica to
alum na ratio of greater than 900:1 SirAKk.



