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The gas sensors based on Sn(y have always been in an aliractive position in the field of
stndy and application of gas sensors, The relevant researches are Tocused oo the improvement
ol its sensitivity, stability and .-mi-::cti.v'i1.y["]. The eflects of surface modilicalion by many oxides
on the crystallite size and sensitivity of Sp(s have been investigated by Xo of alF and their
main results can be summarized as the following: (1) The sintering of Sn0y altraline poweder can
be retarded by surface modification to a certain extent. {2) When the SnOs crystallite sizc s
controlled to be not more than Gnm, sensitivity for He and OO inerenses steeply with decrense in
its size. However, up to now there have not been any systematic and detailed reports i publication
about the dispersion behavior of oxides oo the surface ol Snly and the efects of their dispersion
amounts on microstructure and properties of Sn0y aller sintered ot high temperature,

I this paper. the utmost dispersion capacities ol CoQ, MOy B0y and Y00 have been
measured, and the effects of their loading on the thermal stability of Sniy uliraline powder have
been stidied. It s observed that all of these oxides can disperse onto the sorface of Sn(, as
monolayer, and their dispersion thresholds are all in good agreement with their ntmost dispersion
capacities estimated from a close-packed monolayer modell® . [t is found that the thermal stability
ol Sn0y ultrafine powder depends on the surface coverage of the oxides an SnOsq, and the sintering
of Sn0y grain can be effectively retarded when the monolaver coverage of the oxides are high

enough.

1 Experimental
Sn0y ulleafine powder was prepared by neutralizing a hot solution of SuCh {05mol 1~

G0 °CY with agueous ammonia solution (Gmol-L1}, followed by thorongh washing with deionized
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water, drying at 100 °C for 12h and grinding. The XRD pattern showed that it is of rutile structure,
Its surface arca was 145m? g~ ! or 220m?*-g~! corresponding Lo different batches. Supported oxides,
CuQ, NiQ, Biz04 and Zn0), were added by impregnating Sn0Oy ohtained with the corresponding
nitrate solutions, Then the samples were dried at 90°C and caleined at 200°C for 1h and then at
500 °C for 2h. X-ray diffraction (XRD) was used to determine the phase composition, dispersion
threshold and the mean size of Sn()s crystallites. The BET surface areas of the samples were
evalualed by nitrogen adsorption at -196 . As a comparative experiment, a few S5n0)y was
sintered at 500 °C for 4h {called Sn03), then was used to prepare CuO/8n0; samples, The surface

area of Sn03 was only 28m“g~!.

2 Results and Discussion

2.1 Monolayer dispersion of CuQ, NiO, Bi;0; and ZnO on the surface of
5n0; ultrafine powder

Fig.1 gives the XRD patterns of Cu0-5Sn(); samples calcined at 500 °C.
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Fig.1 The XRD patterns of Cu0-5n0; Fig.2 The relationship between
samples calcined at 500 °C for Zh the relative content of crys-

CuQ 1)pure Sn0z; 2} 0.02gCu0fg Sn0y ;
content: 3} 0.23gCu0/g Sn0;:  A)0A2gCu0/g 5n0; ; content of CuO in CuO-
5) 0.63gCu0/g 5n0g;  6)0.81gCul /g Snl; Sn0, samples
It is shown in Fig.1 that only when the content of CuOQ in the sample is more than 0.23g CuO/g

talline Cu0D and the total

Sn()s, do the peaks of crystalline CuQ appear. Similar results can be obtained from NiO-5n0;,
Biz03-Sn0y and Zn0-Sn0, though the contents at which the crystalline oxides can be detected
arc different. According to the concept that many oxides and salts can disperse spontanecusly onto
the surfaces of supports with highly specific surface areal® | it is quite possible that these oxides
exist on the surface of SnOy in monolayer state.

The dispersion threshold of CuQ on the surface of Sn0y is derived from the plot of the relative
crvstalline CuQ) content versus the total content of CuQ), as shown in Fig.2. The thresholds of NiO,
Zn0 and BizOy on the surface of SnQq are also obtained in the same way, The results are given
in Table 1,

In Table 1, it can be seen that the thresholds of the four oxides on Sn0, are all in accordance
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with their utmost monolayer capacitics estimated from the simple close-packed monolayer modelt).
But it should be pointed out that the Sn(}y as the support was only heated at 100 °C, so its surface
area would change after supporting the oxide and caleining again. In addition, 1his change would
depend on the content of supported oxide. However, the surface areas that could be determined
are only those of the samples calcined at 500 °C, not that of Sn0s. We consider that the utmost
dispersion capacities on 100m® Sn0; calculated from the original surface area of SuQy seem to be
workable, The reason is that there is little increase in the crystallite size of SnO2 in the samples
if the content of supported oxide is greater than its threshold (see Fig.4). In order to confirm this
point, the threshold of CuQ/Sn0; sample is determined (shown as Fig.3 and Table 1), The result

agrees with that of Cu(-5n0;, and the threshold is also in accordance with the utmost capacity
catimated from a close-packed monolayer maodel.

Table 1 The dispersion Lthresholds of oxides on the surface of Sn0»

Ustides Uriginal surface arca Experimental value Calculation value
of Sn0; (m*g™") [El%SnOﬂ (g/100m?) g/ 100m* )
Cul 145 24 LI7 (IS E
N0 145 0.25 17 .18
Biz Oy 145 . 0.54 .37 0n.38
&m0 220 045 20 0.20
Cud® 28 0.05 (3,15 .1%

* Snh in the sample had been calcined at 300 °C for 4h in advance.
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Fig.4 The relationship between the
Fig.3 The relationship between the rel-

ative content of crystalline CuO
and the total content of CuQ in
Cu0/Sn0; samples

mean size of crystalline SnO,
and the total amount of sup-
ported oxides
1) NiO-5n0y ¢ 2) Cud-5n0,

S5n0y is of rutile structure and its dominant exposing crystal face is (1 ll:l}[’” , therefore, there
are not any so called “surface vacant sites” available to contain cations on its surface, Obviously, the
above-mentioned results can hardly be understood according to the incorporation model reported

recentlyl™ Tt is apparent that the results are very valuable for constructing a more satisfactory

structure model of monolayer dispersion state.
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2.2 The relationship between the thermal stability of SnO, ultrafine
powder and the amount of dispersed oxide on Sn0O, surface

The mean size of Sn0q crystallites is evaluated from the widih of XKD peak of the face(1 1) on
the basis of scherrer’s equation. The thermal stability of pure SnCy ultrafine powder is very poor.
The crystallite size of 510y increases obviously with the increase i the caleination temperature
(3 nm, 4 dmm, Ganm and 7.6nm for 100 °C, 300 °C, 400 °C and 300 "0, respectively), The
relationships between the sizes of crystalline Sn0y and the total contents of supported oxide in
CuO-5n0y and NiO-5n0s samples sintered at 500 C are shown in Figd, It can be concluded
that the size of SnQy crystallites decreases with the increasing of the content of the supported
oxide, and the sinterimg of Sn(); ultrafine powder can be suppressed to a greater extent. When the
content of oxide approaches to its monolayer dispersion threshold, the minimum 500y crysiallites
can be obtained. IF the loading is above the threshold, SnOy crystallite size will not change any
riore. The results obtaimed from Zn0-5n0s and Bi1205-Sn0q are similar to that of Cu(-Sn(ds.

In short, there s a good correlation between the thermal stability of Sn0y ultrafine powder
and the dispersion amount of the oxide on Sa0s in monoelayer state, The results of BET surface
arnas of these samples indicate a similar rule. Whether there is a corresponding relation between
ithe sensitivity of SnQy ultrafine powder and the content of the dispersed oxide is still under study
Mo,
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