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Abstract

Samples with various amonnts of tin oxide were prepared by impregnating ¥-Al,On,
TiO,(anatase), $i0,, ZrQ, and MgO with tin tetrachloride or tributyltin acctate solutions. After drying
and calcination, the samples were characterized by chemical analysis, XRD and BET measurcments.
Ammonia adsorplion microcalorimetry was used in order to delermine the number, strength and
strength distribution of surface acid sites. The intluence of the adsorption temperature, evacuation em-
perature, amount of SnO, deposited and of the nature of the support on the adsorption propertics were
studied.
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Introduction

The systems obtained by deposing SnO; on various supports present a great prac-
tical interest because of their widespread use for conductive coatings, gas sensors.
solar cells, electronic devices and as catalysts [1-3].

Despite the obvious interest for the use of a higher surface area SnO; (usually ob-
tained by supporting it) there are very few systematic studies on the influence of the
loading and of the nature of support on the adsorption properties of the resulting ma-
terials [1, 4-7]. In the present paper, we have investigated the acid properties of ma-
terials obtained by deposition of different amounts of tin dioxide on several metal
oxide supports. This study will help in understanding the effect of the acid-base na-
ture of supports on the performance of supported SnO; catalysts, as the selection of
the support is an important step in the design of industrial catalysts. Beside the mi-
crocalorimetric measurements of the heat of ammonia adsorption, the sumples were
characterized by chemical analysis, XRD and BET mecasurements.

Experimental

We have used five supports having different acid/base characteristics with a sur-
face arca around 100 m> g ' as follows: y-AlO3, TiO; (anatase), Si0s, ZrO, and

* Author to whom all correspondence should be addressed.

1418-2874/99/ § 5.00 Akadémiai Kiadd, Budapest
© 1999 Akadémiai Kiadd, Budapest Kiuwer Academic Publishers, Dordrecht



114 SPRINCEANA ct al.: TIN DIOXIDE

MgO. One of our aims was Lo oblain a highly dispersed deposit of SnOQ; with a mini-
mum decrease of the surface area of the resulting material with respect to the sup-
port. The impregnation was made using solutions of tin tetrachloride pentahydrate
(TCP) (Aldrich) in distilled water [8, 9). After drying, the samples were heated in
oxygen flow for 6 h at 423 K and for 8 h at 773 K. The amounts of tin deposed were
determined by chemical analysis and presented as mass percent of Sn. Two parallel
serics of samples were prepared: one with a low content of SnQ; (~3 wt% 8n) and
the other one with a higher loading (~20 wt% Sn} where SnO» may possibly form a
continuous layer on the substrate. The samples used in our experiments together
with the BET surface arca {measured by nitrogen adsorption) and the Sn content are
presented in Table 1.

Table 1 Supports and supported SnQ, materials used in microcalonmetrie measurements

Sarr
Origin/Precursor Material 'g;?\‘;l:%)l mlm[; |
BDH Sn0, 99.9 9.0
Oxid C (y), Degussa Support A (y-Al,0,) 0 130
DT 51, Rhone Poulenc ~ Support B (TiO,) 0 103
Aerasil 130, Degussa Suppert € (8i0,) Q 130
Zr0O, 137. Degussa Support D (Zr(),) 0 o0
Carlo Erba Support E (MgO) 0 120
TCP Al-SnAl (8nO,/ALO.) 31 108
TCP . A3-SnAl (Sn0,/ALO,) 19.2 89
TCP B1-SnTi {Sn0/TiO,) 34 90
TCP B3 SnTi  (SnO,TiO.) 25.4 59
TCP C1-8nSi {5n0,/8i0,) 3.2 112
TCP C3-8nSi {5n0,/8i0,) 21.7 96
TCP D1-SnZr (Sn0,/Zr0,) 34 78
TCP D3-SnZr (5n0,/Zr0,) 18.6 63
TCFP El1-SuMyg (SnG,MMgO) 3.7 54
TCP ’ E3-SnMg  (Sn0,/MgO) 23.5 25

The acidity of the samples was tested by using NH; as probe molecule for adsorp-
tion. Adsorption measurements were performed in a heat {Tow microcalorimeter of
the Tian Calvel type (model C80 from Sctaram) linked to a conventional volumetric
apparatus, as described in detail elsewhere [10].

By measuring amounts adsorbed al increasing pressures and the heat evolved in
the adsorption of ecach one of the subscquent doscs of adsorbate, the volumetric iso-
therm and differential heats of adsorption vs. adsorbed amount were simultanecusly
obtained.
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Before cach experiment the samples were outgassed overnight at 673 K in a vac-
uum better than 1 mPa. Experiments were carried out at 423 K unless otherwise
stated. Adsorption was extended up 1o an equilibrium pressure of about 130 Pa. After
the adsorption was completed, pumping at the temperature of the experiment and
consecutive readsorption of ammonia at the same temperature were performed in or-
der to determine the chemisorbed amount. Amounts adsarbed are expressed as mi-
cromoles of molecules per gram of sample.

Results and discussion

The commercially available BDH bulk SnQO; that we have preliminary tested has
a very low surface arca (9 m? 2”1}, The differential heat, Qi at the beginning of am-
monia adserption being 230 kJ mol™" proves the presence of the most acid sites
among our samples (Fig. 1). However a partial reduction of the tin oxide surface by
ammonia itself {or during the pretreatment) may also have occurred contributing to
a modification of the surface and such high heats. The heats remain relatively con-
stant, above 200 kJ mol™!, up to a coverage of 1.5 pmol m~2 and then decrease
abruptly to reach the physisorption domain.
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Fig. 1 Differential heats of NI1, adsorption at 423 K vs. the adsorbed volume vu SuQ, pre-
treated at 673 K

Prior to any impregnation, the acidity of the supports was investigated also by
NH; adsorption (Figs 2 and 3). As expected MgO (known as a basic support) and
510; (almost inert) showed the lowest acid properties as evaluated by strength and
number of sites (Fig. 2). The most acidic samples, zirconia and anatage, hehaved
rather similarly with respect to ammonia adsorption showing a plateau of differential
heat around 130-150 kJ mol™'. Alumina, a typically amphoteric solid characterized
by the presence of both acid and basic sites [11] displays a differential heat curve
with high initial heats followed by a continuous decrease with coverage.

Figure 3 represents the corresponding volumetric adsorption isotherms. As can
be seen Si0, and MgO present nearly no vertical scction in which the uptake in-
creases at negligible equilibrium pressures. On the contrary, the ZrO; and TiO; sam-
ples present a large vertical scction characteristic of strong chemisorption. The alu-
mina curve is located between these two sets of curves.

J. Therm, Anal, Cul., 56, 1999
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Fig. 2 Diiferential heats of NH, adsorption at 423 K vs. the adsorbed volume on the supports
pretreated at 673 K
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Fig. 3 Isothierms of NH, adsorption at 423 K on the supports pretreated at 673 K

We have investigated the differences between samples obtained by impregnation
of the various supports with aqueous solutions containing various amounts of TCP.
From the point of view of surface area there are no significant differences between
the samples when the loading is increased from 3 to 20 Sn wi% except with TiOz and
particularly with MgO (Tuble 1). On low loaded samples we could not find the char-
acteristic XRD lines for SnO- which suggests an acceptable dispersion on the sup-
port, but the XRD diffraction patiern arc different for the high SnO; loading, prob-
ably because of a poor dispersion of Sn0O; and the presence of crystallites. However,
no any evidence for the presence of SnO or metallic Sn was shown by XRD analysis
for the fresh samples. We have also characterized our samples by solid state NMR
spectroscopy and we did not found any signal specific of the presence ol SnO even
after carrying catalytic tests for depollution with the samples.

In Figs 4 and 5 arc represented the heats of NH; adsorption on samples with low
(~3 wit% Sn) and high {~20 w1% Sn) Sn0; loadings respectively on the various sup-
ports. On the SiO- supporl the addition of SnO; enbances the heat evolved at the be-
ginning of adsorption and new acid sites are formed in the whole range of differen-

L Therm. Amal. Cal., 56, 1999
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Fig. 4 Differential heats of NH, adsorption at 423 K vs. the adsorbed volume on the low
Sn0, loaded samples pretreated at 673 K
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Fig. 5 Differential heats of NH, adsorption at 423 K vs. the adsorbed volume on the high
SnO, loaded samples prevcated at 673 K

tia! heat between 20 and 170 kI mol™". A small amount of tin oxide enhances consid-
crably the acidity but the increasc of the loading from 3 to 20 wi% Sn has Icss in(lu-
ence. However the adsorbed ammonia volume remains the lowest of the scries ol
samples.

The most dramatical change of the overall acidity by incrcasing the amount of
deposited Sn was observed for the MgO based samples in spite of the important re-
duction ol the surface area. For E3-SnMg one obtains the most important adsorbed
ammonia uptake at high coverage in the series of our samples. A small amount of tin
oxide creates strong acid sites with heats above 150 kI mol ™! while a high loading in-
creases drastically the number of medium and weak acid sites but decreased the
strength and number of strong acid sites. This can be explained by a poar disparsion
of Sn0; at the surface of the high loaded sample giving rise to an average heat at the
beginning of the adsorption.

The series of materials using titania and zirconia as supports arc similar in their
behavior. The presence of SnQO; on these supports produces only very small in-
creases ol the acidity, more visible at low loading than at high loading.

1 Therm. Anal. Cal., 56, 1999
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Since 8n0O; is widely used for resistive gas sensors a higher attention was paid to
y-alumina supported samples.

The acidity characterization has proved that the deposition of SnQ; on AlL,O5 in-
creases the number of acid sites on the support in the 50-130 kJ mol™* domain of dif-
ferential heats (Qu) but did not affect the heats of adsorption at low coverage.
Moreover the increase of Sn loading from 3% to 20% did not change significantly
the acidity. In any case, the ditferential heats were much lower than for the SnQ,
bulk oxide.

We have also investigated by microcalorimetry the influence of the pretreatment
temperature on the surface acidity of ¥-AlO5 and A3-SnAl samples. The increase of
the temperature of evacuation from 473 to 573 and finally to 673 K has increased the
amount of adsorbed ammonia by increasing the number of strang acid siles available
for adsorption (Fig. 6). In fact, the number of sites giving risc 1o an evolved heat
higher than 140 kJ mol™" is varying from 0.05 to 0.3 and then 0.8 umol m~2 with in-
creasing lemperature. The dependence of the adsorption isotherm on the evacuation
temperature is mainly determined by the modification of the support during the out-
gassing. The guest oxide has less influence. However at the same outgassing tem-
perature, covering alumina with tin dioxide creates a parallel shift of the isotherm to
higher adsorbed ammaonia nptakes
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Fig. 6 Diflcrential heats of NI, adsorption at 423 K vs. the adsorbed volume on A3-SnAl
samples pretreated at 473, 573 and 673 K

For the A3-SnAl sample we have performed the calorimetric measurements at
four different temperatures (Fig. 7). By increasing the adsorption temperature the
volume ol adsorbed ammonia decreases hecanse the adsorption can take place only
on siles with higher strength. Tt is a way to determine the strongest acid sites of the
studied sample. The common aspect of the differential heat curves for all cases can
be outiined. At low adsorbed amounts a decrease of the adsorption heat takes place
in a short uptake range. After the initial decrease of the heat of adsorption a plateau
is observed and its importance and extension vary, being important at 323 K. It be-
comes insignificant at 563 K demonstrating the heterogencity of the sample surface
and supporting the assumption that the interaction of the probe molecule with sur-
face Lewis acid sites is the main contribution to the adsorption heat at this tempera-

J. Therm. Anad. Cul., 56, 1999
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Fig. 7 Differentinl heats of NI, adsorption at 353, 423, 493 and 563 K vs. the adenrhed val-
umc on A3-SnAl samples pretreated at 673 K

turc. The relative position of the differential heat curves follows the order one may
expect as a function of the temperature.

Conclusions

By supporting Lin dioxide on various supports it was possible to obtain high sur-
face arca SnQ, containing materials. The properties of resulting samples are strongly
determined by the support. Supporting SnQ; on TiO; and ZrO; did not result in an
appreciable change in the acidity. A remarkable increase was obtained for SiO; and
MgO. Alumina was mainly modified in the medium acid strength domain. The
amount of deposited tin dioxide has less influence: an increase from 3 to 20 wt% Sn
does not reinforce significantly the acidity, but for the magnesia samples.
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