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DEFECT-RICH CRYSTALLINE (METALLO} SILICATES AND 
PROCESS FOR PREPARING SUCH (METALLO) SILICATES 

The present invention relates to defect-rich 
crystalline (metallo)silicates, a process for preparing 
such (metallo)-silicates and to the use of these 
crystalline (metallo)silicates as catalysts or catalyst 
carriers. 

In general, crystalline (metallo)silicates in both 
natural and synthetic forms are of particular interest 
since they find wide and promising application in 
industry as, for instance, catalyst carriers or catalysts 
in various types of (hydro)conversion processes. 

At the present moment a large number of suitable 
methods for preparing the various crystalline 
(metallo)silicates have become available. The use of a 
template, in particular an organic nitrogen containing 
compound, in a reaction mixture wherein the various 
forming components are present in defined molar ratios is 
among the best known techniques in the synthesis of 
crystalline(metallo)silicates. 

Crystalline (metallo)silicates obtained from such a 
reaction mixture generally contain in the as-synthesized 
form substantial amounts of template. In order to 
activate the crystalline products· obtained the template 
is normally removed substantially. This is usually 
achieved by subjecting the crystalline products to a 
calcination treatment. 

In the calcination treatment the template and/or 
degradation products thereof will substantially be 
removed from the crystalline products. Thus, active 
substantially template-free crystalline (metallo)-
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silicates may be obtained which can suitably be used in 
the various processes. 

It should be noted, however, that it is well known 
that not all crystalline· (metallo) silicates in the as­
synthesized form can suitably be subjected to a 
calcination treatment normally necessary to remove the 
template and/or degradation products thereof. Some 
crystalline (metallo)silicates apparently have such a 
poor intrinsic stability that during.a calcination 
treatment their crystalline structures will collapse. 

Crystalline (metallo)silicates .can gener~lly be 
defined as built up of three-dimensional frameworks. of 
tetrahedral Si04 and M04 units (the so-called T04 units, 
T=tetrahedral) which are corner-linked via, oxygen atoms. 
In this respect each Si site should theoretically have 
four oxygen corner-linked T-neighbours. These Si sites 
are so-called o4 sites. It will be understood that the Si 
sites which terminate the framework will have at most 
three oxygen corner-linked T-neighbours, which is 
normally the ca.se. Such Si sites are referred to as o3 
sites and form a relatively low percentage of the total 
number of Si sites (typically less than 1% for particles 
of 1 micron) • Recently it has been recognized in silica­
rich molecular sieves that Si sites having only three 

· oxygen-linked T-neighbours (internal Q3 sites) also exist 
in the internal framework. It is known that direct 
information about the presence of these internal o3 sites 
can very conveniently be obtained from magic-angle­
spinning (MAs) solid-state 29si-NMR spectroscopy. In the 
context of the present specification these internal o3 
sites are hereinafter to be referred to as defects. 

It is known to those skilled in the art that after 
substantial removal of the te~plate from the zeolite by a 
standard calcination procedure (550 °C in air for a 
period of four hours) defects are ·hardly present anymore. 
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Reference is made in this respect also to Zeolites, 

1986, Vol 6, pp 14-16, wherein it is concluded that in 
some calcined ZSM-5 samples the ion-exchange capacity in 
excess of the framework aluminium content observed is due 
to a small amount of internal silanol defect sites. 

It has now been found that substantially template­
free crystalline microporous (metallo)silicates can be 
provided in which a substantial amount of the internal 
defects initially present in the as-synthesized form is 
retained. 

Such crystalline (metallo)silicates are of particular 
interest since they may suitably be used to incorporate 
catalytically active species into the framework in an 
amount that substantially exceeds the normal metal ion 
exchange value. 

Object of the present invention is to provide 
substantially template-free crystailine microporous 
(metallo)silicates which comprise a substantial number of 
internal framework defects. 

The present invention thus relates to crystalline 
microporous (metallo)silicates having a maximum M/Si 
molar ratio of U.03, wherein M represents at least one of 
Al, Fe, B, Ga or Ti, containing less than 1%wt of organic 
template (originated} material and having a Relative 
Defect Retention (RDR}-value of 0.1-1, wherein the RDR­
value is defined as (C - C*)/(i - C*), wherein C 
represents the percentage of defects present, C* 
represents the percentage of defects retained when 
subjecting the corresponding at least 1%wt of organic 
template (originated) material containing crystalline 
(metallo)silicate to a standard calcination treatment in 
air at a temperature of 550 °C for a period of 4 hours, 
wherein i represents the_ percentage of defects initially 
present in the uncalcined corresponding organic template 
containing crystalline (metallo)silicate, and wherein 
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i>C*. 

It should be noted that the RDR-value is·a measure of 
the extent to which initially present defects in a 
template containing crystalline (metallo)silicate can be 
retained, relative to the extent to which defects would 
be retained if the material were to be subjected to a 
standard calcination treatment in air at a temperature of 
550 °c for a period of 4 hours. 

This means that the crystalline (metallo)silicates 
according to the present invention contain a percentage 
of defects (C) which is larger than would be retained 
(expressed as C*) when subjecting the uncalcined 
corresponding template containing crystalline 
(metallo)silicate to a standard calcination in air at a 
temperature of 550 °C for a period of 4 hours. 

This excess of defects, expressed as (C - C*), is 
ref erred to as the Absolute Defect Retention (ADR) • 

Suitably, the crystalline microporous 
(metallo)silicates according to the present invention 
have a ADR of at least 2%,·preferably at least 4%. 

The uncalcined organic template containing 
crystalline (metallo)silicates suitably contain a 
percentage of defects (i), such that (i - C*) is at least 
4%, preferably at least 10%. 

The crystalline microporous (metallo)silicates 
according to the present invention preferably have a RDR 
value of 0.20-0.90, more preferably 0.30-0.90 •. 

Preferably, the crystalline microporous (metallo)­
silicates according to present invention have a maximum 
M/Si molar ratio of 0.015. In particular, the present 
invention relates to crystalline microporous (metallo)­
silicates as described hereinabove wherein M represents 
aluminium. 

The crystalline microporous (metal·lo) silicates 
according to the present invention comprise various 
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structures, provided that they fulfil the requirements as 
defined hereinbefore. For instance, defect-rich forms of 
ZSM-type (metallo)silicates, SCS-type (metallo)silicates, 
ferrierite, mordenite, zeolite B and other types of 
zeolitic (metallo)silicates are examples in accordance 
with the present invention. 

Suitably one or more catalytically active species are 
incorporated in the crystalline microporous 
(metallo)silicates according to the present invention. 
Preferably, the catalytically active species comprise one 
or more salts of metals of Group IVB, VB, VIB, VIIB, or 
VIII as well as ammonium ions and/or protons. They can be 
incorporated by well-known techniques such as, for 
example, impregnation and ion-exchange. It will be clear 
to those skilled in the art that the crystalline 
microporous (metallo}silicates according to the present 
invention can suitably be applied as catalyst or catalyst 
carrier in a variety of processes, and can also be 
exposed to any suitable regeneration method known in the 
art. 

The present invention further relates to a process 
for the preparation of crystalline microporous 
(metallo)silicates as defined hereinabove, which 
comprises subjecting a crystalline (metallo)silicate 
having a maximum M/Si molar ratio of 0.03, wherein M 
represents at least one of Al, Fe, B, Ga or Ti, and 
containing at least 1%wt of template to a heat treatment 
which is carried out in the presence of oxygen at a 
temperature of 400-600 °C and a pressure of at most 
100 mbar for at least 1 hour. 

Preferably, the heat treatment in the process 
according to the present invention is carried out at a 
temperature of 450-500 °C. The heat treatment is 
preferably carried out at a pressure of less than 
20 mbar, and for a period of time of at least 2 hours. 
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The heat treatment ·in the present process is suitably 
carried out in air. Other oxygen-containing gases can 
also suitably be used. 

The crystalline (metallo)silicate to be subjected to 
the present process contains at least 1%wt of template. 
The template comprises in ·principle all templates which 
can suitably be used in the perparation of crystalline 
(metallo)silicates. Suitable examples are organic 
templates as (un)substituted secondary or tertiary amines 
such as di- and tri-alkanolamines, dioxane, trioxane 
morpholine, and templates which comprise a quaternary 
ammonium cation. Templates comprising a quaternary 
ammonium cation are preferred. Preferably, the 
crystalline (metallo)silicates to be subjected to the 
present process have a maximum M/Si molar ratio of .0.015. 
Preferably, crystalline aluminosilicates are subjected to 
the heat treatment according to the present invention. 

The invention will now be illustrated by the 
following Examples. 
Example 1 

A crystalline microporous (metallo)silicate according 
to the present invention was prepared as follows: 
Waterglass (ex PQ) was added to a solution containing 
96 %wt H2S04, octane-1,8-diamine (OD) and water to give a 
starting mixture of the following molar composition: 
25 Si02:7.4 Na20:8.4 H2S04:7.5 00:1000 H20. The product 
obtained was subsequently kept at 160 °C for a period of 
72 hours in a stirred autoclave. The crystalline product 
thus obtained (ZSM-48) was separated by filtration, water 
washed and dried at 120 °c. Two samples of the product 
obtained were exposed to respectively a heat treatment 
according to the present invention which was carried out 
in the presence of oxygen at a temperature of 470 °C, a 
pressure of 5 mbar for a period of 16 hours and a 
calcination treatment in air at a temperature of 550 °C 
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An experiment was carried out in substantially the 
saine mc3;nner as described in Example 1, except that the 
starting mixture contained 96 %wt H2S04,tetramethyl­
ammonium bromide (TMABr), NaAl02, NaOH, octane-1,8-
diamine {OD), silica and water, and that the heat 
treatment according to the present invention was carried 
out at 460 °c. The molar composition of the starting 
mixture was as follows: 
25 Si02:0.l Al203:7.4 Na20:7.4 H2S04:7.5 OD:0.75 
TMABr:lOOO H20. The crystalline product obtained was of 
the ZSM-48 type. 
Example 3 

An experiment was carried out in substantially .the 
same manner as described in Example 1, except that the 
starting mixture contained silica, sodium aluminate, 
sodium hydroxide, tetramethylammoniuin hydroxide (TMAOH), 
tetramethylammonium chloride {TMACl) and water, that the 
product obtained was kept at 190 °C for a period of 
64 hours in a stirred autoclave, and that the heat 
treatment was carried out at 20 mbar. The molar 
composition of the starting mixture was as follows: 
25 SiOz:0.025 Al203:0.S Na20:S TMA20:8 TMAC1:400 H20. 
The crystalline product obtained was of the SCS-5 type. 
Example 4 

An experiment was carried out in substantially the 
same manner as described in Example 1, except that the 
starting mixture contained silica, sodium aluminate, 
sodium hydroxide, tetrapropylammonium hydroxide {TPAOH) 
and water, that the product obtained was kept at 170 °C 
for a period of 32 hours in a stirred autoclave, and that 
the heat treatment was carried out at 10 mbar. 
The molar composition of the starting mixture was as 
follows: 
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25 Si02:0.025 Al203:Na20:4.5 TPA20:450 H20· The 
crystalline product obtained was of the Z~M-5 ·type. 
Example 5 

An experiment was carried out in substantially the 
same manner as described in Example 3, except that the 
starting mixture contained ammpnia instead of sodium 
aluminate, and that the heat treatment was carried out at 
460 °C and 20 mbar. The molar composition of the starting 
mixture was as follows: 
25 Si02:NH3:0.5 Na20:2.s TPA20:450 H20· The crystalline 
product obtained was of the ZSM-5 type. 

The values· of c, C*, ADR, and i, expressed as 
percentages, and RDR as determined with solid-state 29si­
NMR-spectroscopy in the experiments described, and having 
the meanings as defined hereinbefore, are together with 
the Si/Al molar ratios of the untreated materials 
summarized in Table 1. 

Table 1 

Si/Al i C* c RDR ADR 

Example 1 770 8 3 7 0.8 4 
2 110 8 0 5 0.6 5 
3 80 35 5 12 0.2 7 
4 220 16 1 6 0.3 5 
5 >800 24 10 15 0.4 5 

It will be clear from the results presented in Table 
1 that the crystalline (metallo)silicates according to 
the present invention contain substantially larger 
amounts of defect sites than the corresponding 
crystalline (metallo)silicates which have been exposed to 
a calcination treatment in air at 550 °C for a period of 
4 hours. 
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1. Crystalline microporous (metallo)silicates having a 
maximum M/Si molar ratio of 0.03, wherein M represents at 
least one of Al, Fe, B, Ga or Ti, containing less than 
1 %wt of organic template (originated) material and 
having a Relative Defect Retention (RDR)-value of 0.1-1, 
wherein the RDR-value is defined as (C - C*)/(i - C*), 
wherein C represents the percentage of defects present, 
C* represents the percentage of defects retained when 
subjecting the corresponding at least 1%wt of organic 
template (originated) material containing crystalline 
(metallo)silicate to a standard calcination treatment in 
air at a temperature of 550 °C for a period of 4 hours, 
wherein i represents the percentage of defects initially 
present in the uncalcined corresponding organic template 
containing crystalline (metallo)silicate, and wherein 
i>C*. 
2. Crystalline microporous (metallo)silicates according 
to claim 1 having a RDR-value of 0.20-0.90, more 
preferably 0.30-0.90. 
3. Crystalline microporous (metallo)silicates according 
to claim 1 or 2 having an Absolute Defect Retention 
(ARD)-value of at least 2%, more preferably at least 4%, 
wherein the ADR-value is defined as (C - C*), and C and 
C* have the meanings as described hereinbefore. 
4. Crystalline microporous (metallo)silicates according 
to any one of claims 1-3 having a maximum M/Si molar 
ratio of 0.015. 
5. Crystalline microporous (metallo)silicates according 
to any one of claims 1-4 wherein M represents Al. 
6. Crystalline microporous (metallo)silicates according 
to any one of claims 1-5, wherein one or more 
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catalytically active species have been incorporated. 
7. Crystalline micro-porous (metallo)silicates according 
to any one of claims 1-6, wherein the catalytically 
active compounds comprise one or more salts of metals of 
Group !VB, VB, VIB,VIIB or VIII. 
8. Process for the p~eparation of crystalline 
microporous (metallo)silicates as defined in any one of 
claims 1-7, which comprises subjecting a crystalline 
(metallo)silicate having a maximum M/Si molar ratio of 
0.03, wherein M represents at least one of Al, Fe, B ,Ga 
or Ti, and containing at least 1 %wt of template to a 
heat treatment which is carried out in the presence of 
oxygen at a temperature of 400-600 °C and a pressure of 
at most 100 mbar for at least 1 hour. 
9. Process according to claim 8, in which the 
calcination treatment is carried out at a temperature of 
450-500 °C. 
10. Process according to claim 8 or 9, in which the 
calcination treatment is carried out at a pressure of 
less than 20 mbar. 
11. Process according to any one of claims 8-10, in which 
the calcination treatment is carried out for at least 
2 hours. 
12. Process according to any one of claims 8-11, in which 
the calcination treatment is carried out in air. 
13. Process ·according to any one of claims 8-12, in which 
the template comprises an organic cation or a precursor 
thereof. 
14. Process according to any one of claims 8-13, in which 
the template comprises a quaternary ammonium cation. 
15. Process according to any one of claims 8-14, in which 
the crystalline {metallo)silicate has a maximum M/Si 
molar ratio of at least 0.015. 
16. Process according to any one of claims 8-15, 
substantially as described hereinbefore with particular 
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reference to the Examples. 

17. Process for carrying out catalytic reactions in which 

use is made of a crystalline microporous (metallo)­

silicate as claimed in any one of claims 1-7. 
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