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Pure and La3+ or V5+ doped SnO2 based ceramics 

were obtained by shaping and sintering of nanosized 
powders, previously synthesized by the precipitation 
method. The thermal treatment temperature was in the 1300 
- 1500°C range. The resulted ceramic bodies were 
characterized through X-ray diffraction and scanning 
electron microscopy coupled with energy-dispersive X-ray 
spectroscopy. The ceramic properties and sensitivity 
towards methane and isopropyl alcohol vapours were also 
determined. It was demonstrated that dopants use has a 
beneficial effect on the gas detection capability, especially 
at low concentrations. 

 
 

  
Ceramicile pe bază de SnO2 pur şi dopat cu La3+ 

sau V5+ au fost obţinute prin fasonarea şi sinterizarea unor 
pulberi nanometrice, sintetizate anterior prin metoda 
precipitării. Temperatura de tratament termic a fost 
cuprinsă în intervalul 1300 - 1500°C. Corpurile ceramice 
rezultate au fost caracterizate prin intermediul difracţiei de 
raze X şi a microscopiei electronice cu baleiaj cuplate cu 
spectroscopie de raze X cu dispersie după energie. De 
asemenea, au fost determinate proprietăţile ceramice şi 
sensibilitatea faţă de metan şi vapori de alcool izopropilic. 
S-a demonstrat că utilizarea dopanţilor are un efect 
favorabil asupra capacităţii de detecţie a gazelor, mai ales 
la concentraţii mici. 
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1. Introduction 
 

The sudden and massive losses of hazardous 
gases endanger the lives of employees in industrial 
plants, but also that of residents in their own homes 
[1]; on a larger scale, the uncontrolled leaks of toxic 
gases can affect the environment [2], with 
repercussions on the entire ecosystem. These are 
the reasons why the fabrication and 
commercialisation, but also performance 
improvement of gas sensors represents a major 
concern of the present [3, 4]. The researchers 
focused on the development of extremely sensitive 
and selective devices [5, 6], with an indisputable 
accent on the domain of semiconductors, such as: 
SnO2 [7, 8], ZnO [9], TiO2 [10], In2O3 [11] etc. There 
are three key factors that should be considered 
when designing a gas sensor: the receptor function, 
played by the surface of each oxide grain, the 
transducer function, played by each grain 
boundary, and the utility factor, governed by the 
microstructural aspects (high porosity and small 
dimensions) [12]. 

Tin dioxide (SnO2) is a n type semiconductor, 
with a broad direct bandgap of about 3.6 eV [13], 
and one of the most used due to its chemical 
stability and mechanical properties [14, 15]. SnO2 
conductivity mainly originates from the oxygen 
vacancies, defects that lead to non-stoechiometric 
materials, but also play an important role in the gas 
sensing mechanism [16]. The unique physical and  

 chemical properties of SnO2 recommend it for the 
fabrication of a wide range of devices, with 
applications in the following fields: sensors [7, 8], 
solar cells [17], batteries [18], transistors [19], 
photocatalysts [20], membranes [21] etc. 

The properties of SnO2 based gas sensors 
can be improved either by increasing the material 
specific surface for a better gas - surface 
interaction [22] or by introducing doping elements 
to modify the material conductivity [23]. Thus, it has 
been reported that the gas detection capability of 
the corresponding ceramics is strongly dependent 
on their morphology [24] and considerable efforts 
have been made to synthesize various 
nanostructures [25, 26]. Moreover, the introduction 
of additional energy levels at the lower edge of the 
conduction band reduces the energy required for 
the chemisorption of gas molecules on the 
semiconductor surface [23, 27]. 

Many manufacturing methods have been 
used for the production of gas sensors based on 
semiconductor metal oxide, but the conventional 
approaches remain the most embraced at industrial 
level, even though they suppose high processing 
temperatures [28]. Nevertheless, the hybrid or non-
conventional techniques gained ground lately, 
showing their huge potential in the optimization of 
material properties [25, 26, 29]. 

As mentioned, SnO2 is mostly employed as 
doped material [30], the preferred cations being 
those of the noble metals due to their catalytic  
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character [5]. There are also dopants that inhibit 
the grain growth, with beneficial effect on the 
functional characteristics [31, 32]. La3+ is a good 
choice as dopant for SnO2 since it is a low 
negativity cation, fact that enhances the sensitivity 
towards the volatile organic compounds [33]. 
Moreover, it has already been reported that the use 
of V5+ as dopant, for other type of ceramics, 
namely Ba(Mg1/3Ta2/3)O3 [34, 35]; leads to 
significant microstructural modifications; in this 
particular case, it improves SnO2 sensors 
performance for low levels of doping [36], due to 
the existence of vanadium cations with lower 
valence [37]. 

In this work, we report on the synthesis and 
characterization of La3+ or V5+ doped SnO2 
ceramics. The precursor powders containing 0.5, 
1.0 or 2.0 wt.% dopant oxide have been 
synthesized by the precipitation method, which 
yields pure, homogenous and nanosized powders. 
The compositional, structural and morphological 
modifications generated by the sintering process 
were investigated, as well as the influence of 
dopants and thermal history on the gas detection 
efficiency. 

 
2.Experimental 

 
Pure and doped SnO2 ceramics were 

obtained from the powders prepared by the 
precipitation method, as described in a previous 
paper [38]. La3+ and V5+ have been employed as 
dopants, the selected proportions of the 
corresponding oxide being 0.5, 1.0 or 2.0 wt.%. 
The dried precipitates have been calcined at 400°C 
for 2 h, leading to crystalline SnO2 phase with 
tetragonal symmetry. It has been highlighted that 
the presence of dopants influences both the 
average crystallite size and bandgap width, the 
effects being more pronounced for the case of 
vanadium. 

The calcined powders were uniaxially 
pressed at 150 MPa into disks of 13 mm diameter 
and about 2 mm height and subsequently sintered 
at 1300, 1400 or 1500°C for 4 h, in air, with a 
heating rate of 10°C/min. 

The sintered pellets were characterized in 
terms of apparent density (ρa) by employing Arthur 
method, in xylene. Moreover, X-ray diffraction 
(XRD), scanning electron microscopy (SEM) 
coupled with energy-dispersive X-ray spectroscopy 
(EDX) and electrical measurements were 
performed on the samples. A Shimadzu XRD 6000 
diffractometer with Ni filtered Cu Kα radiation (λ = 
0.154 nm) was used to identify the crystalline 
phases and their structure, 2θ ranging between 20 
and 80°, while a Quanta Inspect F scanning 
electron microscope was employed to visualize the 
ceramics morphology. Silver contacts were placed 
on both parallel sides of the disks in order to make 
possible the measurement of material electrical  

 resistance both in fresh and contaminated air; the 
response in the presence of methane or isopropyl 
alcohol vapours was tested with a Hewlett Packard 
4263B LCR Meter station. 

 
3.Results and discussion 

 
The pressed samples were subjected to a 

sintering process at 1300, 1400 or 1500°C, after 
which they were characterized in terms of ceramic 
properties. However, since the most representative 
parameter is the relative density, Fig. 1 displays its 
variation as a function of sintering temperature, as 
well as dopant type and concentration for all 
prepared pellets. It can be easily noticed that the 
presence of La3+ in any proportion provokes an 
accentuated decrease of the relative density (Fig. 
1a); this may be related to the phenomenon of 
lanthanum rich compound segregation as a 
secondary phase, especially at higher dopant 
concentrations, as it will be shown later (Figs. 2 
and 3). In the case of V5+ (Fig. 1b), the trend 
changes, namely the relative density decrease, 
generated by a small amount of dopant (0.5 wt.%), 
is followed by a pronounced increase for larger 
quantities of foreign cations (1.0 and 2.0 wt.%). 
For both dopants, a minimum of property is 
recorded for the concentration of 0.5 wt.%, 
probably due to crystalline network disordering and 
distortion. As it was expected, the increase of the 
sintering temperature leads to a better 
densification of SnO2 based ceramics. 

In order to investigate the evolution of the 
phase composition, the X-ray diffraction patterns 
were collected for the thermally treated pellets. 
Some of these are presented in Fig. 2 and 3, the 
first one showing the influence of the sintering 
temperature, while the second focuses on the 
compositional implications of dopant 
concentration. Thus, the specimens consist of 
SnO2 with tetragonal structure (JCPDS 01-080-
6727), as indicated by the intense and narrow 
diffraction peaks, for which the values of Miller 
indices were provided. In addition, for the higher 
sintering temperature and mainly for the higher 
La3+ content, the emergence of a secondary phase 
can be observed, as it was also evidenced by 
Mrabet et al. [39]; this was identified as La2Sn2O7 
(JCPDS 00-073-1686). In these conditions, the 
behaviour of La3+ containing ceramics will be 
affected by the dopant segregation as distinct 
mineralogical phase distributed in SnO2 matrix. 

Comparing the current results with those 
reported for the doped SnO2 powders [38], it can 
be stated that the thermal treatment promoted the 
total incorporation of V5+ content in the crystalline 
network, while the effect was completely opposite 
in the case of La3+, generating a separated 
lanthanum rich phase. The explanation is based 
on the ionic radius differences, as follows: 0.690 Å 
for Sn4+, 1.032 Å for La3+ and 0.540 Å for V5+, all 
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Fig. 1 - Variation of relative density of SnO2 based ceramics as a function of sintering temperature and dopant quantity for La3+ (a) and 
V5+ (b) / Variaţia densităţii relative a ceramicilor pe bază de SnO2 în funcţie de temperatura de sinterizare şi cantitatea de dopant 
pentru La3+ (a) şi V5+ (b). 

 

 
 

 

 
 

Fig. 2 - XRD patterns for SnO2 based sintered ceramics and doped with 0.5 wt.% La3+ (a) and V5+ (b). * indicates the secondary phase / 
Analizele de difracţie a razelor X pentru ceramicile pe bază de SnO2 sinterizate şi dopate cu 0,5 % grav. La3+ (a) şi V5+ (b).  
* indică faza secundară. 

 

 
 

 

 
 

Fig. 3 - XRD patterns for SnO2 based ceramics sintered at 1400°C and doped with La3+ (a) and V5+ (b). * indicates the secondary phase/ 
Analizele de difracţie a razelor X pentru ceramicile pe bază de SnO2 sinterizate la 1400°C şi dopate cu La3+ (a) şi V5+ (b).            
* indică faza secundară. 

 
 

cations being considered in coordination VI. 
Thereby, it will be much easier for V5+ to penetrate  

 the ordered structure of SnO2 since its ionic radius 
is closer to that of Sn4+. 
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Fig. 4 exhibits the SEM images captured 

on the fracture of the final ceramics. The first row is 
dedicated to pure SnO2 (Figs. 4 a, b and c), the 
second to La3+ doped samples (Figs. 4 d, e and f) 
and the third to V5+ doped specimens (Figs. 4 g, h 
and i); the sintering temperature increases from left 
to right. The evolution of the nanosized powders 
synthesized by the precipitation method is towards 
densified bodies made up of polyhedral grains with 
rounded edges and corners and dimensions up to 
more than 10 μm. Generally, the increase of the 
processing temperature from 1300 to 1500°C 
favours the granular growth and porosity reduction. 
Moreover, the supplementary phase announced by 
the X-ray diffraction (Figs. 2 and 3) is also revealed 
by the SEM analysis in the form of round and small 
particles dispersed on the surface of SnO2 bigger 
grains. 

Concerning the influence of the dopant 
proportion on the microstructure of the sintered 
samples, Figs. 5 and 6 highlight specific features 
for each case. The increase of La3+ concentration 
is accompanied by the occurrence of more 
secondary phase, which forms a laced architecture 
as a result of grains connection on a large scale 
(Fig. 5d). Moreover, the dopant presence modifies 
the grains shape and size, promoting more 
rounded grains, compactly packed as larger 
aggregates. Fig. 5e presents the EDX spectra 
collected on the two categories of grains and 
demonstrate the amassment of lanthanum in the 
small ones. 

V5+ mainly affects the grains dimension of 
SnO2 based ceramics doped with 0.5 or 1.0 wt.%, 
leading even to 10 times larger grains, while in the 
case of 2.0 wt.% content, the shape is also 
changed to more elongated grains (Fig. 6d). 

  

 

 
Fig. 5 - SEM images of SnO2 based ceramics sintered at 

1400°C and doped with La3+: 0.0 wt.% (a), 0.5 wt.% (b), 
1.0wt.% (c) and 2.0 wt.% (d), and EDX spectra obtained 
on the sample doped with 1.0wt.% La3+ / Imagini SEM 
ale ceramicilor pe bază de SnO2 sinterizate la 1400°C şi 
dopate cu La3+: 0,0 % grav. (a), 0,5 % grav. (b), 1,0 
%grav. (c) şi 2,0 % grav. (d), şi spectrele EDX realizate 
pe proba dopată cu 1,0 grav.% La3+(e). 

Fig. 4 - SEM images of SnO2 based ceramics 
sintered at 1300°C (a), 1400°C (b) 
and 1500°C (c), of SnO2 based 
ceramics doped with 1.0 wt.% La3+ 
and sintered at 1300°C (d), 1400°C 
(e) and 1500°C (f) and of SnO2 based 
ceramics doped with 1.0 wt.% V5+ 
and sintered at 1300°C (g), 1400°C 
(h) and 1500°C (i) / Imagini SEM ale 
ceramicilor pe bază de SnO2 
sinterizate la 1300°C (a), 1400°C (b) 
şi 1500°C (c), ale ceramicilor pe bază 
de SnO2 dopat cu 1,0 % grav. La3+ şi 
sinterizate la 1300°C (d), 1400°C (e) 
şi 1500°C (f) şi ale ceramicilor pe 
bază de SnO2 dopat cu 1,0 % grav. 
V5+ şi sinterizate la 1300°C (g), 
1400°C (h) şi 1500°C (i). 
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Fig. 6 - SEM images of SnO2 based ceramics sintered at 

1400°C and doped with V5+: 0.0 wt.% (a), 0.5 wt.% (b), 
1.0 wt.% (c) and 2.0 wt.% (d) / Imagini SEM ale 
ceramicilor pe bază de SnO2 sinterizate la 1400°C şi 
dopate cu V5+: 0,0 % grav. (a), 0,5 % grav. (b), 1,0 
%grav. (c) şi 2,0 % grav. (d). 

 
 
 

 The gas sensibility of the obtained pure and 
doped materials was assessed for two different 
media: methane and isopropyl alcohol vapours. 
The electrical measurements were conducted after 
the deposition of metallic contacts on the parallel 
faces of the cylindrical samples by brushing a 
silver paste and thermally treating at 900°C. In 
order to eliminate the influence of bodies’ size and 
shape, the electrical resistance was recorded both 
in the absence and presence of contaminants, 
whereupon the sensitivity was calculated, as 
shown in Figs. 7 and 8. La3+ doped ceramics do 
not seem to be very sensitive to methane (Fig. 7a), 
but in the case of isopropyl alcohol vapours, a 
maximum sensitivity is achieved for 1.0 wt.% 
concentration (Fig. 7b). 

The use of V5+ as dopant for SnO2 
enhances its sensitivity to methane, the best 
behaviour being observed also for the proportion 
of 1.0 wt.% (Fig. 8a), as against the exposure to 
isopropyl alcohol vapours, when doping with 0.5 
wt.% provides the best results (Fig. 8b). 

 

 

 

 
Fig. 7- Variation of sensitivity to methane (a) and isopropyl alcohol vapours (b) of SnO2 based ceramics as a function of sintering 

temperature and La3+ dopant quantity / Variaţia sensibilităţii la metan (a) şi vapori de alcool izopropilic (b) a ceramicilor pe bază 
de SnO2 în funcţie de temperatura de sinterizare şi cantitatea de dopant La3+. 

 

 

 

 
Fig. 8 - Variation of sensitivity to methane (a) and isopropyl alcohol vapours (b) of SnO2 based ceramics as a function of sintering 

temperature and V5+ dopant quantity / Variaţia sensibilităţii la metan (a) şi vapori de alcool izopropilic (b) a ceramicilor pe bază 
de SnO2 în funcţie de temperatura de sinterizare şi cantitatea de dopant V5+. 
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Analysing the implications of the sintering 
temperature for all discussed cases, it is obvious 
that a higher value for this parameter is not 
recommended since it naturally involves a better 
densification, phenomenon that has negative 
effects on the active surface of the sensor. 

From the previous results, it is to point out 
the fact that by doping, not only the sensitivity, but 
also the selectivity of SnO2 based sensors can be 
adjusted. 

 
Conclusions 

 
SnO2 ceramics doped with La3+ or V5+ were 

obtained from precipitation derived powders 
through sintering at 1300, 1400 or 1500°C. The 
phase composition investigation revealed the 
appearance of a secondary phase besides the 
main SnO2 tetragonal phase in the case of La3+ 
doped samples. Both the dopant concentration and 
sintering temperature influence the density and 
morphology of the resulted materials, which 
subsequently affect the gas sensor response. In 
general, a doping proportion of 0.5 - 1.0 wt% and a 
thermal treatment at lower temperatures are 
indicated so as to attain appropriate features for 
the field of sensors. La3+ improves the behaviour of 
SnO2 based ceramics in the presence of isopropyl 
alcohol vapours, while V5+ has a beneficial effect in 
the case of methane atmosphere. 

The advantages of the reported sensors, 
such as: simple fabrication from inexpensive 
precursors, high operating temperature and wear 
resistance, make them suitable candidates for 
applications in gas detection for environmental, 
industrial and domestic purposes. 
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