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Influence of La,03 loading on Sn0O, based sensors
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Influence of La;03 loading on the structural and gas sensing properties of SnO, have been
studied. The effect of different weight percentages of La,03 (1-10 wt.%) in SnO,, and the
effect of calcination temperature on the sensitivity to various reducing gases like LPG, H,
and CH,4 has been studied. The structural characteristics have been investigated by X-ray
diffraction, and the corresponding crystallite size estimated. In addition to the systematic
variation in the crystallite size as a function of the sintering temperature, the role of La;03
as an effective grain growth inhibitor has been confirmed. Increasing the percentage of
La, 03 above 2 wt.% has no added advantage in terms of improving the gas sensing
characteristics and also in stabilizing the SnO, surface. Once the La,Sn,0; formation
temperature is reached, the sensitivity of the sensor decreases marginally. At this
temperature the crystallite size also increases very abruptly. All these have been correlated
with the formation of the La,Sn,05, a new phase with standard pyrochlore structure.
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1. Introduction particularly effective for preparing fine powders of the
Semiconductor gas sensors based on tin oxide deteptoper composition for multi-component system, be-
reducing gases from a change in conductivity. It is gen<€ause the complicated repetitive steps of the solid state
erally accepted that the chemisorption of oxygen on theeaction are replaced by single step or low tempera-
surface of Sn@particles creates a high electric resis-ture processing methods. Lanthanum oxide incorpo-
tance layer up to the depth of Debye length.(Con-  rated Sn@ has been shown to be a promising material
sumption of chemisorbed oxygen by reducing gase$or sensing C@ in dry air with very high and linear
results in an increase in conductivity. The Hall effectvariation of sensitivity with gas concentration and also
measurement by Ogavea al.[1] has revealed that” quick response [6].
for a porous thin film of Sn@is as small as about 3nm  In this communication we report the studies on lan-
at 300°C. Onthe other hand, the crystallite size of SnO thanum oxide which was incorporated into Srt@act
particles D) in conventional sensor elements is usuallyas a grain growth inhibitor. The effect of variation of
in the order of a few tens nanometer. [1] the percentage composition of 4@z in SnG, on the
Yamazoeet al. have established that the microstruc- gas sensing characteristics has been studied. This has
ture of SnQ@ sensor elements can be controlled overbeen correlated with the crystallite size and also the
a wide range by the addition of small amounts of for-formation of lanthanum stannate.
eign oxides. The value dD can be controlled by the
choice of additive and/or calcination temperature. They
observed that the gas sensitivity to hydrogen, carbo2. Experimental details
monoxide or butane increased as the crystallite size déA powder composed of semiconductor Sni@corpo-
creased in the range below 10 nm [2]. The stabilisatiorrated with varying amounts of L&s; (1-10 wt.%),
effect of lanthana in titanium oxide support has beenwvere prepared by the sol-gel [7] method. To obtain
demostrated by LeDuet al. The thermal stability was this, corresponding amount of SnQlSpectrochem)
assessed using BET surface area and XRD [3]. and La(NQ)3-5H,0 (Aldrich) were dissolved sepa-
The incorporation of the additives homogeneouslyrately in ethanol (E.Merck Chemical Co.) and D.I
can be achieved by adopting either the technique of cowvater (18 M2). The agueous and alcoholic solutions
precipitation or sol-gel synthesis. In both these techwere then mixed to form an aqua-alcoholic mixture
niques the starting materials are mixed in solutionof La(NOs)3-5H,O and SnCj. This solution was kept
which is an advantage to obtain compositional homostirring for 24 h at 50C. After a period of aging at
geneity of the powder and as a result, the microstruca constant temperature, the solution becomes increas-
tural homogeneity of the fired product. Co-precipitationingly cloudy and a gelatinous suspension is formed.
is also more efficient than the conventional solid stateThe stirring was then stopped and the precipitate was
reaction of ceramic powders [4, 5]. The procedure isallowedto settle. The suspension contracts and settles to
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the bottom of the container. The top portion of the solu-
tion is then siphoned out and discarded, with minimum
disturbance to the gelatinous sediment underneath ar
replenished with fresh water alcohol mixture. This re-
plenishment procedure is repeated several times to gd_
rid of the chloride content. The sediment was filtered
and washed thoroughly with DI water. The absence of
chloride ion was confirmed by testing the filtrate with
silver nitrate solution. The precipitate was first dried on
awater bath, and then inan oven at 2@Gor 12 h. The
dried mass was calcined at different temperatures fron

(b}

500 to 1000C for 2 h, to decompose the hydroxides pe

to the respective oxides and thereafter to observe th 5 ks > ®m o ®m e ® s ® @
steady growth of crystallites. 26 deorees —

For phase identification and to evaluate the crystalrigyre 1 (a-f) The XRD pattern of 2 wt.% L incorporated Sn@
lite size, an X ray diffractometer (Siemens D/5000) wascalcined at different temperatures from 500-1600
used with filtered Cu-K radiation. X-ray diffraction
analysis revealed the presence of $nith the Cas-
siterite structure. The effect of the 4@; on the base the temperature is increased the peaks become sharper.
material was studied by comparing the XRD spectraThis is indicative of the increase in crystalline size. At
of pure SnQ with that of SnQ: La;03 (2 wt.%) and  about 1000C the peaks due to L8O, appear. These
SnQy: La;03 (10 wt.%). These two compositions were have been indicated with dark circles on the spectrum.
chosen for our studies to bring out the salient featureThese positions agree with standard data (JCPDS Card
of our studies. 1 wt.% L#D3 in SnG, does not show  No.: 13-82) [11]. Using the FWHM values of the peaks
any significant change neither in the grain size conthe crystallite sizes at the different calcination temper-
trolling nor in the sensing characteristics. This is ob-ature are estimated and tabulated in Table .
viously after knowing the properties of ;@ which Fig. 2 shows the XRD pattern of 10 wt.% 3@g
is known to stabilize the surface and not allow furtherincorporated Sng) calcined at different temperatures
grain growth i.e. it acts as a grain growth inhibitor. The from 500-1000C a—g. These spectra have been pure
Scherrer formula[8] was used to estimate the crystalliteSnQ, calcined at 900C included as a reference. As in
size. The composition of the materials was confirmedhe previous it is seen that at about 3@the SnQ
by energy dispersive analysis of X-rays (EDAX). This
was carried out on an EDAX system (Oxford, Link
ISIS-300) attached to a scanning electron MiCroSCOP@ABLE | SnO, crystallite sizes in (a) pure Spdb) SNG: LapOs
(SEM-Hitachi S-520). (2 wt.%) (c) SnQ@: LayO3 (10 wt.%), as a function of calcination

To fabricate a sensor element, the $nlCa,O; was  temperature
mixed with an aqueous solution of 2% poly-vinyl alco- ¢icination
hol, PVA (binder) and the resulting paste was appliedemperature/
onto alumina tube substrates provided with two plat-C SnG  SnGy: Lap03 (2wt.%)  SnQ:LapOs (10 wt.%)
inumwires as electrodes. The elementwas then sintered

Crystallite size inA

at 600°C _for 2 hin air, toimpart it ceramic properties. 600 izﬁ gi:g gg:;
The details of the procedure for preparation of sensorygg 227 858 80.5
elements have been described earlier [9, 10]. Here thesoo 240  96.0 945
schematic of the experimental setup used for the testing?00 259 98.9 100.5
of elements is also shown. The sensitivlyis defined 1000 302.5 241.2 302.1

as the ratio of change in resistance of the sensor in pres-
ence of gasA R to the value of the resistance in &R,.

S=AR/Ra=|Ra— Ryl/Ra )

~-2-645

3. Results and discussions

Fig. 1 shows the XRD pattern of 2 wt.% @3 incor-
porated Sn@ calcined at different temperatures from
500-1000C. These spectra have been drawn as a funcs
tion of increasing calcination temperature, Fig. la—f.
To begin with the mixture is amorphous. It starts to
becoming crystalline with the appearance of the char
acteristic Sn@ peaks ad =3.35,d =2.64,d =2.37
andd =1.765. These peaks continuously get sharpe. 26 degress

with increasing calcination temperature. As observec,Ligure 2 (a—f) The XRD pattern LgOs of 10 wt.% LaOs incorporated

we do not expect any peaks due to0g. It is seen  gpq, at different temperatures from 500-10@ (g) XRD of pure
that at about 500C the peaks just start to appear and assng; calcined at 900C.

tensity (0.u.) —»
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peaks just appear and become sharper as the calcinaa,O3 (10 wt.%). It is seen that the effect of grain
tiontemperature isincreased indicative of an increase ajrowth inhibition is valid only as long as the 12,07
crystallite size. It is interesting to note that even in thisformation does not take place. At lower concentrations
case i.e. with 10 wt.% L#s in SnQ, no peaks due to of LayOs there is better dispersion and the role of pre-
La,O3 are observed. The possible reasons for this coulgenting grain growth as a function of calcination tem-
be that either LgO3 is amorphous or in a highly dis- perature, is more effective. As the composition of the
persed state in the matrix. ThedSn,O; peaks which  additive is increased and so also the calcination tem-
agree with reported data start appearing at a slightlyperature, LaSn,O; formation takes place more easily,
lower temperature around 90Q itself as opposed to this probably coats the individual Sa@articles. This
the spectra of SnP La,O3 (2 wt.%). The reason for results in an increase in the electrical resistance of the
this difference could be that even though lanthanursensor in airR,. But this does not directly show itself
stannate formation must have been initiated at°@O0 in any improvement in the sensitivity.
but the composition must be below the detection limit The scanning electron micrographs, SEM also show
of XRD. But at 1000C complete conversion would the same trend as what is observed in the XRD spectra.
have taken place and hence is observed. The expecté&i. 3a is the SEM micrograph of pure Sn€alcined
composition of LaSrpO7 which could be formed from at 900°C as a reference. Fig. 3b and c are those of
2 wt.% La03 is 6 wt.%. SnQ: LapxO3 (2 wt.%) calcined at 600C and 900C
Table | gives the values of the Sp@rystallites in  respectively and (d) and (e) are those for Snia,03
(a) pure Sn@ (b) SNQ: La;O3 (2 wt.%) (c) SnQ@: (10 wt.%) calcined at 600C and 900C respectively.

Figure 3 SEM micrographs of (a) Pure Sa@alcined at 900C, (b) SnQ: 2 wt.% Lg 03 calcined at 600C, (c) SnQ: 2 wt.% Lg O3 calcined at
900°C, (d) SnQ: 10 wt.% La0g3 calcined at 600C (e) SnQ: 10 wt.% La0s3 calcined at 900C.
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375 case for CH, which does not show any reasonable sen-
10% Lay 03/ Sn0, sitivity even upto 250C. So in this paper we report
our studies only on LPG to elaborate our findings on
(0-63) the effect of the different parameters on the gas sensing
characteristics.

Fig. 4 shows the gas sensing characteristics of;SnO
with (a) 2 wt.% LaO3 and (b) 10 wt.% LaO3; response
to LPG. The results have been presented in such a way
that the effect of maximum sensitivity on two param-
eters namely the operating temperature and the calci-
nation temperature can be directly observed. The fig-
ures show the operating temperature where you observe
the maximum sensitivity as a function of the calcina-
tion temperature for two compositions. The values in
the parenthesis indicate the maximum sensitivities ob-
served.

From these results there are some very striking ob-
(059) servations. The percentage ofa% in SnG has the
following effects:

350

(0-892)
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(1) Increase in LgO3 seems to shift the operating
temperature for maximum sensitivity to the lower side.

(2) Another observation is the resistance of the sensor
in air of 2wt.% La0s/SnG, is less than that of 10 wt.%
LayO3/SnG,. This could be attributed to higher content
of La;SnpOy, a highly insulating material which coats
the individual Sn@ crystallites.
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Figure 4 Gas sensing characteristics, variation of operating tempera—4' conc'.USiOI.]s . .

ture as a function of calcination temperature for maximum sensitivityour studies bring out a definite trend in the dependence

(a) SNQ: 2 wt.% L&03, (b) SNG: 10 wt.% Lg0s. of the crystallite size of Snand indirectly the sensi-
tivity to reducing gases. These also establish a relation
between the structure i.e. the size of the crystallite and

We observe a clear increase in the crystallite size aproperty i.e. the gas sensing characteristics. The effect

the calcination temperature is increased from 600 t®fLa;Oz on SnQ as an effective grain growth inhibitor

900°C. This change is more pronounced in the 2 wt.9%shas been demonstrated.,Sa,0; formation has been

La,O3 sample. This could be attributed to a better dis-shown toinhibit the grain size control and also to reduce

persion of the 2 wt.% L#03 as compared to the 10wt.% the sensitivity. These results are only indicative and to

La,Os and also in the latter there is a higher proba-establish a definite mechanism as to the role o0

bility for segregation to take place. The SEM micro- in stabilizing the Sn@surface further experimentation

graphs show the crystallitesin the 10 wt.%08/SnQ, IS underway.

as smaller aggregates well separated with an ultimate
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