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Crystalline MFl-type indosilicates containing indium ions in framework positions have been hydrothermally

synthesized and characterized to exhibit rather weak acidity.

The isomorphous substitution of silicon atoms in zeolites and
related molecular sieves by suitable trivalent elements has
become a convenient procedure for modifying systematically
their physical and chemical features, resulting in different
adsorptive and catalytic properties.! Among those molecular
sieves modified e.g. with aluminium, boron, gallium or iron
those with the MFI structure are well characterized.2+
However, very little has been published about MFI-type
silicates modified with indium,3-8 although this metal is also a
Group 13 element, suggesting similar adsorptive and catalytic
effects of the corresponding indosilicates. Hence, in the
present work a series of MFI-type indosilicates containing
different amounts of indium was hydrothermally synthesized
and characterized by several physicochemical and spectro-
scopic methods.

After careful preparation of the starting gels the syntheses
were carried out under identical conditions. The detailed
synthesis procedure in addition to the following treatments
(ion exchange and calcination) to obtain the corresponding
ammonium or acid forms, was described earlier® using iron as
the substitution metal. Additionally, a silicalite with an
SiO; : Al,O; ratio of 1000 was prepared in the same way as a
reference (Table 1).

According to the XRD pattern all samples are well
crystallized and show the typical reflections of the MFI
structure. Its largely pure formation is confirmed by the results
of n-hexane adsorption. The values of the real micropore
volume are fairly close to the theoretical value calculated for
an ideal MFT structure (0.19 cm3 g~1; Table 1). There is,
however, a difference between those obtained earlier for
analogous ferrisilicates? and those for indosilicates with
comparable Si:M ratios. This indicates a higher degree of
non-framework species in the channels of the latter. Table 1
also shows the unit-cell volumes of the MFI-type indosilicates
Vue; Vi increases with the number of indium atoms per unit
cell (In per uc)s. If at least a part of the indium is incorporated
into the framework such an increase should take place. This is
due to the fact that, in fourfold coordination, In3+ has a larger
ionic radius than silicon (0.62 A c¢f. 0.26 A).10 A second
indication that part ot indium is incorporated into the MFI
framework was obtained from solid-state IR spectroscopy.
With increasing indium content per unit cell, a clear shift of
the wavenumber of the T-O-T lattice vibration vy_o_t
towards lower values was observed (Table 1). An analogous
shift for other MFI-type metallosilicates has been described
previously.?-¥

The number of indium ions incorporated into the frame-
work per unit cell was determined vig the temperature

Table 1 Sample composition and physicochemical characterization

controlled decomposition of the ammonium forms of indosili-
cates. We estimated the relative number of indium ions
incorporated by determining the relative amount of ammonia
desorbed during decomposition. (It is well known that the
introduction of one foreign trivalent ion into the zeolite
framework generates in principle one Brgnsted-acid bridged
OH group in which the proton can be exchanged, for example,
by an ammonium cation.) These values in connection with
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Fig. 1 Differential molar heats of adsorption of ammonia on silicalite
at 423 K: ('¥), InSil(67) (D) and ZSM-5 (50) (@)

. vr.o.1/ Cg)f-{D/ Cll’l—:/
Sample (Inperuc)s a%lem3 g—1 Vi /A3 cm—! mmol g~1 (In peruc)g mmol g—! (Inperuc)e
InSil (67)¢ 2.78 0.170 5355 1102 0.20 1.2 0.06 0.4
InSil (80) 2.34 0.178 5350 1104 0.14 0.8 0.09 0.5
InSil (104) 1.81 0.172 5341 1104 0.11 0.6 0.05 0.3
silicalite — 0.197 5342 1108 0.03 — — —
2, overall In content: F. framework.
@ Adsorption capacity for n-hexane (p/p; = 0.5). ® Cig, Ammonium ion exchange capacity. ¢ Values in brackets: SiO;: Iny,O;

ratios (obtained via bulk chemical analysis).
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chemical analysis data allow a quantitative estimate of the
indium distribution between framework and non-framework
positions. The results are summarized in Table 1. Thus, only
30-40% of the indium atoms are located in the framework.
This is in contrast to analogous metallosilicates where the
proportion of atoms which can be isomorphously substituted
for silicon reaches 70% or more for comparable moduli. This
demonstrates a markedly lower affinity of the silicate frame-
work towards In3+ during the hydrothermal synthesis com-
pared with ions such as Al3+ and Fe3+.

As mentioned above, the relative amount of ammonia
desorbed also conforms with the number of Brgnsted-acid
sites coy. Table 1 shows that an increase in the indium content
leads to an enhancement in the number of thesg sites. In order
to determine the acid strength distribution of the indosilicates,
adsorption calorimetric measurements were performed. After
activation of the sample in vacuum at 670 K for 16 h, ammonia
as a probe molecule was adsorbed at 423 K. Fig. 1 shows the
differential heats of sorption as a function of the ammonia
loading for the sample HInSil (67). For comparison, the heat
curves of the silicalite as a reference and of ZSM-5 are
included. For ZSM-5 the amount of ammonia chemisorbed at
medium and strong acid sites (Q < 80 kJ mol~1)1! conforms,
not unexpectedly, with the number of aluminium atoms per
unit cell (1.9). Owing to aluminium impurities (0.02 wt%) a
few very strong acid sites have been detected for the silicalite
sample. For the indosilicate, the number of acid sites with a
sorption heat between 80-110 kJ mol-! differs significantly
from that for the silicalite. The greater number of these rather
weak acid sites is in agreement with the difference in the
corresponding NH,* ion-exchange capacities and with the
values obtained from the temperature-controlled decomposi-
tion of the NHy* forms of indosilicates (Table 1). This
supports the assignment of these sites to Brgnsted-acid
centres, simultaneously confirming the partial incorporation
of indium ions into the framework.

It was difficult to detect the IR vibration band of the
corresponding OH groups. Apart from a small band at 3610
cm~!, most likely due to the Al impurity, only a poorly
developed shoulder at ca. 3638 cm~1 could be observed. This
is probably due to the low thermal stability of the bridged OH
groups in indosilicates. Thus, a re-exchange of the acid forms
of indosilicates (obtained via calcination of the NH,+ forms at
670 K for 2 h) with an NH,NO; solution, followed by a
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redetermination of their NH,* ion-exchange capacity,
revealed a dramatic decrease in the concentration of
Brensted-acid sites and a consequently decrease in the amount
of indium incorporated (Table 1).

In conclusion, it is possible to substitute indium for silicon
isomorphously in the MFI framework, generating Brgnsted
sites 'with rather weak acid strength. However, their thermal
stability seems to be low owing to the tendency of indium to
leave the framework at higher pretreatment temperatures.
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