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[57] ABSTRACT

Aluminum from AlOgs-tetrahedra of as-synthesized zeo-
lites is extracted and substituted with silicon to form
zeolite compositions having higher Si0;/A1>03 molar
ratios and exhibiting distinctive chemical and physical
properties. The preparative procedure involves contact
of the starting zeolite with an aqueous solution of a
fluorosilicate salt using controlled proportions and tem-
perature and pH conditions which avoid aluminum
extraction without silicon substitution.

20 Claims, 3 Drawing Figures

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

SUAGWNANIAVM
(80,0] 002l

oovl

009! 008

09
I

O]

I

914

— Q0!

"Wod Wlie|el}a)d0p Je s)Jewldalem JNOYlIM Sjuswindop 14N0d pajedijusyine puld

JONVLLIWSNYYL

W d V 7

._.mv_UOD

Exhibit 11(
Page 2 of ¢

Umicore AG & Co. K


https://www.docketalarm.com/

"Wod Wlie|el}a)d0p Je s)Jewldalem JNOYlIM Sjuswindop 14N0d pajedijusyine puld

SHIBWNNIAVM

Oﬁ_um Q08 000! ooel 0out 009l 008!

JONVLLINSNYY.L

ai 9oI14d

W d V 7

._.mv_UOD

Exhibit 11(
Page 3 of .

Umicore AG & Co. K


https://www.docketalarm.com/

U.S. Patent Mar.5,1985  Sheet3of3 4,503,023

LIO

1.00]

ip
(o]

80

ABSORBANCE —=

70

.80

50+

300 3%00 ) 35;00 33}00
WAVENUMBERS

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

D
A

4,503,023

1

SILICON SUBSTITUTED ZEOLITE
COMPOSITIONS AND PROCESS FOR
PREPARING SAME

RELATED APPLICATIONS

This is a continuation-in-part of application Ser. No.
066,330 filed Aug. 14, 1979, now abandoned.

The present invention relates in general to novel
zeolite compositions and to the method for their prepa-
ration. More particularly it relates to zeolite composi-
tions topologically related to prior known zeolites but
which have substantially greater SiO2/Alz0O3 molar
ratios than the heretofore known zeolite species and
characterized by containing framework silicon atoms
from an extraneous source, and preferably a very low
content of defect sites in the structure. In general the
preparative process involves contacting the starting
zeolite under controlled conditions with an aqueous
solution of a fluorosilicate salt, preferably one which
does not form insoluble salts with aluminum.

The crystal structures of naturally occurring and
as-synthesized zeolitic aluminosilicates are composed of
AlQO4— and SiOq4 tetrahedra which are cross-linked by
the sharing of oxygen atoms. The electrovalence of
each tetrahedron containing an aluminum atom is bal-
anced by association with a cation. Most commonly this
cation is a metal cation such as Na+ or K+ but organic
species such as guaternary ammonium ions are also
employed in zeolite synthesis and in some instances
appear as cations in the synthesized product zeolite. In
general the metal cations are, to a considerable extent at
least, replaceable with other cations including H+ and
NH4*. In many instances the organic cation species are

* too large to pass through the pore system of the zeolite

and hence cannot be directly replaced by ion exchange
techniques. Thermal treatments can reduce these or-
ganic cations to H+ or NHy+ cations which can be
directly ion-exchanged. Thermal treatment of the H+
or NHy+ cationic forms of the zeolites can result in the
substantial removal of these cations from their normal
association with the AlQ4— tetrahedra thereby creating
an electrovalent imbalance in the zeolite structure
which must be accompanied by structural rearrange-
ments to restore the electrovalent balance. Commonly
when the AlO4— tetrahedra constitute about 40% or
more of the total framework tetrahedra, the necessary
structural rearrangements cannot be accommodated
and the crystal structure collapses. In more siliceous
zeolites, the structural integrity is substantially main-
tained but the resulting “decationized”™ form has certain
significantly different properties from its fully cation-
ized precursor.

The relative instability of aluminum in zeolites, par-
ticularly in the non-metallic cationic or the decationized
form, is well recognized in the art. For example, in U.S.
Pat. No. 3,640,681, issued to P. E. Pickert on Feb. 3,
1972, there is disclosed a process for extracting frame-
work aluminum from zeolites which involves dehy-
droxylating a partially cation deficient form of the zeo-
lite and then contacting it with acetylacetone or a metal
derivative thereof to chelate and solubilize aluminum
atoms. Ethylenediaminetetraacetic acid has been pro-
posed as an extractant for aluminum from a zeolite
framework in a process which is in some respects simi-
lar to the Pickert process. It is also known that calcining
the H+ or NH4+ cation forms of zeolites such as zeolite
Y is an environment of water vapor, either extraneous
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or derived from dehydroxylation of the zeolite itself, is
effective in removing framework aluminum by hydroly-
sis. Evidence of this phenomenon is set forth in U.S.
Pat. No. 3,506,400, issued Apr. 14, 1970 to P. E. Eberly,
Jr. et al.; U.S. Pat. No. 3,493,519, issued Feb. 3, 1970 to
G. T. Kerr et al.; and U.S. Pat. No. 3,513,108, issued
May 19, 1970 to G. T. Kerr. In those instances in which
the crystal structure of the product composition is re-
tained after the rigorous hydrothermal treatment in-
volved, infrared analysis indicated the presence of sub-
stantial hydroxyl groups exhibiting a stretching fre-
quency in the area of about 3740, 3640 and 3550 cm— 1.
The infrared analytical data of U.S. Pat. No. 3,506,400 is
especially instructive in this regard. An explanation of
the mechanism of the creation of these hydroxyl groups
is provided by Kerr et al. in U.S. Pat. No. 3,493,519
wherein the patentees state that the aluminum atoms in
the lattice framework of hydrogen zeolites can react
with water resulting in the removal of aluminum from

the lattice in accordance with the following equation:
o o
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The aluminum removed from its original lattice position
is capable of further reaction with cationic hydrogen,
according to Kerr et al. to yield aluminum-containing
i.e. hydroxoaluminum, cations by the equation:
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It has been suggested that stabilization of NH4Y occurs
through hydrolysis of sufficient framework aluminum
to form stable clusters of these hydroxoaluminum cati-
ons within the sodalite cages, thereby holding the zeo-
lite structure together while the framework anneals
itself through the migration of some of the framework
silicon atoms.

It is alleged in U.S. Pat. No. 3,594,331, issued July 20,
1971 to C. H. Elliott, that fluoride ions in aqueous me-
dia, particularly under conditions in which the pH is
less than about 7, are quite effective in extracting frame-
work aluminum from zeolite lattices, and in fact when
the fluoride concentration exceeds about 15 grams ac-
tive fluoride per 10,000 grams of zeolite, destruction of
the crystal iattice by the direct attack on the framework
silicon as well as on the framework aluminum, can re-
sult. A fluoride treatment of this type using from 2 to 22
grams of available fluoride per 10,000 grams of zeolite
(anhydrous) in which the fluorine is provided by ammo-
nium fluorosilicate is also described therein. The ireat-
ment is carried ouf for the purpose of improving the
thermal stability of the zeolite. It is theorized by the
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