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AMENDED CLAIMS
received by the International Bureau on 18 October 2019 (18.10.2019)

I A method of forming a composite zeolite catalyst, the method comprising:
combining a silicon source and an aqueous organic structure directing agent to form a
silica intermediary gel, where the aqueous organic directing structure agent comprises a
polyamino cation compound having a structure in accordance with
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, with “n” varying in
the range of 6 to 22;
introducing an aluminum precursor to the silica intermediary gel to form a catalyst
precursor gel;
evaporating the water in the catalyst precursor gel to form a catalyst gel; and
heating the catalyst gel to form a composite zeolite catalyst particle, where the catalyst
particle has both Beta and ZSM-5 zeolites and is characterized by having an intergrowth region

with a mixture of both Beta crystals and ZSM-35 crystals.

2 The method of claim 1 where the silicon source comprises a silica gel, silicon oxide,
silicon halide, tetraalkyl orthosilicate, silicate, silicic acid, fumed silica, sodium silicate,

colloidal silica, or combinations thereof.

3. The method of claim 1 where the silicon source is a silica gel and the silica gel is a 20 to

60 wt. % suspension of silica in water.
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4. The method of any preceding claim where the polyamino cation comprises a structure in

accordance with:
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5. The method of any preceding claim where the aqueous organic directing structure

comprises from 5 to 15 wt. % polyamino cation and from 85 to 95 wt. % water.

6. The method of any preceding claim where the aluminum precursor is alumina (Al,O3),
aluminum hydroxide (AI(OH)3), aluminum oxide hydroxide (AIO(OH)), or combinations

thereof.

T The method of any preceding claim where the heating of the catalyst gel is conducted in
a sealed vessel under autogenous pressure at a temperature from 130 to 180 °C with stirring and

the heating is continued for 4-10 days.

8. The method of any preceding claim where the method further comprises impregnating
the composite zeolite catalyst with up to 20 wt. % of one or more metals selected from the group
consisting of molybdenum, chromium, platinum, nickel, tungsten, palladium, ruthenium, gold,

rhenium, rhodium, or combinations thereof to yield impregnated composite zeolite catalyst.

9 A composite zeolite catalyst,

the composite zeolite catalyst comprises ZSM-5 and Beta within a single catalyst
particle,

where the composite zeolite catalyst has an intergrowth region with a mixture of Beta
crystals and ZSM-5 crystals, the intergrowth of ZSM-5 and Beta characterized by an XRD curve
having signature peaks at 7.6+0.2, 7.9+0.2, 8.840.2, 22.440.2, 23.1+0.2 and 23.9+0.2, and where

the composite zeolite catalyst further comprises up to 20 wt. % of one or more metals
selected from the group consisting of molybdenum, tungsten, ruthenium, gold, rhenium,
rhodium, or combinations thereof to yield impregnated zeolite catalyst.
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10. The composite zeolite catalyst of claim 9, where the composite zeolite catalyst further
comprises up to 20 wt. % rhenium in the form of ammonium perrhenate, molybdenum in the
form of ammonium molybdate tetrahydrate, or combinations thereof to yield impregnated

zeolite catalyst.

11. A method of making xylene, the method comprising:

feeding heavy reformate to a reactor, the reactor containing a composite zeolite catalyst
comprising a plurality of catalyst particles, where each catalyst particle comprises both ZSM-5
and Beta zeolites and has an intergrowth region with a mixture of both Beta crystals and ZSM-5
crystals; and

producing xylene by simultaneously performing transalkylation and dealkylation of the
heavy reformate in the reactor, where each composite zeolite catalyst particle is able to
simultaneously catalyze both the transalkylation and dealkylation reactions,

where the composite zeolite catalyst further comprises up to 20 wt. % of one or more
metals selected [rom the group consisting of molybdenum, tungsten, ruthenium, gold, rhenium,

rhodium, or combinations thereof to yield impregnated zeolite catalyst.

12.  The method of claim 11, where the composite zeolite catalyst further comprises up to 20
wt. % rhenium in the form of ammonium perrhenate, molybdenum in the form of ammonium

molybdate tetrahydrate, or combinations thereof to yield impregnated zeolite catalyst.

13. The method of claim 11 or 12, where the heavy reformate comprises at least 15 wt. %

methylethylbenzene (MEB) and at least 50 wt. % trimethylbenzene (TMB).

14. A system for making xylene, the system comprising:

a reactor, the reactor containing a composite zeolite catalyst comprising a plurality of
catalyst particles, where each catalyst particle comprises both ZSM-5 and Beta zeolites and has
an intergrowth region with a mixture of both Beta crystals and ZSM-5 crystals, where

the composite zeolite catalyst further comprises up to 20 wt. % of one or more metals
selected from the group consisting of molybdenum, tungsten, ruthenium, gold, rhenium,

rhodium, or combinations thereof to yield impregnated composite zeolite catalyst.

15.  The system of claim 14, where the composite zeolite catalyst further comprises up to 20
wt. % rhenium in the form of ammonium perrhenate, molybdenum in the form of ammonium
molybdate tetrahydrate, or combinations thereof to yield impregnated zeolite catalyst.
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