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Abstract 
Ceria, Cassiterite and Ceria-Cassiterite 

nanocomposites are studied as potential candidates for 

gas sensors. The particles of CeO2 core and SnO2 shell 

nanocomposite were prepared by microwave method. 

X-ray diffraction and transmission electron 

microscopy were used to characterize the CeO2, SnO2 

and CeO2/ SnO2 core shell nanocomposites. The 

obtained results from XRD show that the CeO2 

nanoparticles coated on SnO2 yields diffraction peaks 

correspond to the crystalline SnO2 phase. Also, TEM 

results show that the nanocomposite particles have a 

spherical morphology and a narrow size distribution. 

The thickness of CeO2 shell on the surface of SnO2 

particles was about 7 nm. The particle size of the CeO2 

and SnO2 and their nano composite is in the range of 

10-20 nm. The electrical resistivity is decreasing with 

increasing temperature for all the samples. This 

indicates that all the samples show semiconductor like 

behavior. 

 

The present work describes the gas-sensing 

performance of the nanostructured CeO2, SnO2 and 

CeO2-SnO2 powder towards ethanol, LPG, H2, CO2, 

NH3 andCl2. It was found that the material exhibits 

high selectivity and sensitivity towards 60 ppm LPG at 

the operating temperature of 150OC.  
 

Keywords: Ceria, cassiterite, nanocomposite, gas sensors, 

PPM. 

 

Introduction 
Gas sensors based on metal dioxide and their 

nanocomposites have attracted much public attention during 

the past decades due to their excellent potential for 

applications in environmental pollution remediation, 

transportation industries, personal safety, biology and 

medicine1-3.  

 

Numerous efforts have therefore been devoted to improving 

the sensing performance of metal oxides. In those effects, the 

construct of nanoheterostructures is a promising in gas 

sensing modification which shows superior sensing 

performance to that of the single component based sensors. 

Since the 20th century, atmospheric pollution has been 

proved to be one of most urgent issues. For the sake of 

controlling the exhaust emissions, gas sensors for the 

quantitative detection of various toxic and harmful gases 

have been widely developed as a result of their high 

response, outstanding selectivity, excellent repeatability and 

good stability4–6.  

 

So far a variety of gas sensors such as metal oxide 

semiconductor-based gas sensors7–12, solid electrolyte-based 

gas sensors13, electrochemical gas sensors14, carbon-based 

gas sensors15–17, organic gas sensors5,6 and so on have been 

extensively investigated.  

 

Amongst these different types of gas sensors, resistance type 

metal oxide gas sensors offering low cost, simple 

manufacturing approaches and excellent sensitivity to the 

great majority of gases have attracted considerable attention 

during the past several years18,19.  

 

SnO2 is a special oxide material because it has a low 

electrical resistance with high optical transparency in the 

visible range. SnO2 owing to a wide bandgap is an insulator 

in its stoichiometric form. However, due to the high intrinsic 

defects, that is oxygen deficient SnO2 is an n-type 

semiconductor and has many applications. Similarly, CeO2 

is reported to be a predominantly ionic conductor, exhibits 

n-type conductivity under certain conditions. Cerium 

dioxide is an inexpensive and relatively harmless material 

that presents several characteristics that could be potentially 

advantageous for gas sensing applications. SnO2 and CeO2 

nanomaterials reveal that they are promising materials for 

optoelectronic devices such as solar cells, conductive layers 

and transistors.  

 

In this study, we briefly summarize and highlight the 

development of CeO2, SnO2 and CeO2-SnO2 based 

heterostructure gas sensing materials with diverse models, 

including semiconductor/semiconductor nano-

heterostructures, which have been investigated for effective 

enhancement of gas sensing properties through the increase 

of sensitivity, selectivity and stability.  

 

Also, we report the synthesis, characterization and gas 

sensing of CeO2, SnO2 and CeO2-SnO2 novel microwave 

system and describe the gas-sensing performance of the 

nanostructured CeO2, SnO2 and CeO2-SnO2 powder towards 

ethanol, LPG, H2, CO2, NH3 andCl2.   
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Material and Methods 
Ceria (CeO2) and cassiterite (SnO2) have been synthesized 

by microwave method. All the chemicals are of analytical 

grade. About 2.2565 g of SnCl4. 2H2O is dissolved in 100 ml 

distilled water. 30 ml of above solution is taken in 250 ml 

beaker and 45 ml 1M ammonia solution was added dropwise 

with constant stirring till precipitation completed and gel is 

formed. Then the solution was kept in (800 W EO-77 

HORNO ELECTRICO, ORBIT) microwave oven at 353K 

for 30 min. The resulting gel was filtered through Whatmann 

filter paper no. 40, then it is dried at 353K for 24 Hrs in order 

to remove moisture or water molecule present in it. Then the 

precipitate obtained was collected in silica crucible and 

calcination was carried out at 773K for 2 hrs; finally, ash 

colored tin oxide nanoparticles were formed. Similarly, 

cerium oxide has been synthesized. Also, Ceria- cassiterite 

nanocomposite was prepared by sol–gel hydrolysis.  

 

X-ray diffractometer (Philips model PW-1710) was used to 

identify the crystalline nature of the samples using CuKα 

radiation. Particle size was measured using a transmission 

electron microscope (TEM) (Philips, CM200, operating 

voltages 20–200 kV). Gas sensing performances of CeO2, 

SnO2 and CeO2-SnO2 metal oxides and nanocomposities 

were tested against various oxidizing and reducing gases. 

 

Characterization Techniques: The phase formation of the 

sintered samples was confirmed by X-ray diffraction studies 

using Philips PW-1710 X-ray diffractometer with CuKα 

radiation (λ=1.54178Å). The lattice parameters were 

calculated for the cubic phase using following relation. 

 

For cubic phase             a = d (h2+ k2 +l2)1/2                       (1) 

 

where a = Lattice parameters, (hkl) = Miller indices and d = 

interplanar distance. 

 

Transmission electron microscope (Philips CM 20) was used 

to evaluate the nanostructure of the typical samples. Two 

probe techniques were employed to measure the D.C. 

resistivity of the samples in the temperature range of room 

temperature to 723 K. 

 

Gas sensing performances of metal oxides were tested 

against various oxidizing and reducing gases. The electrical 

resistance of a sensor in dry air is measured by Keithley 

Autoranging Picoammeter - Cleveland OH with use of 

conventional circuitry in which the sensor is connected to an 

external resistor at circuit voltage of 10 V (Aplab 7212 

regulated power supplier). The values of device resistor are 

obtained by monitoring the output voltage across the load 

resistor. The resistance of the sensor was measured in the 

presence and absence of the test gas.  

 

A known amount of gas was introduced to attain the required 

level of its concentration. The gas sensing measurements 

were carried out at different operating temperatures (373 – 

623 K). The gas response (S) is defined as the ratio of ΔR 

i.e. the change in resistance of the sensor in air (Ra) and in 

presence of gas (Rg), normalized to the value of sensor 

resistance in air. 

 

(%) S = │Ra – Rg │ / Ra x100                                   (2) 

 

Results and Discussion 
XRD studies: X-ray diffraction patterns of the Ceria (CeO2) 

cassiterite (SnO2) and Ceria-cassiterite samples are shown in 

fig. 1. A definite line broadening of the diffraction peaks 

indicated that the prepared single phase and multiphase 

metal oxides are in the nanometer range. The diffraction 

pattern of SnO2 shows peaks corresponding to planes (111) 

(101) (200) (211) (002) (310) (301) (202) and (321) 

confirming the formation of SnO2 (JCPDS Patterns No.41-

1445). Diffraction peaks corresponding to planes (111) (200) 

(220) and (311) of CeO2 (JCPDS Patterns No.75-076) 

besides that of SnO2 are seen in the CeO2 coated samples 

indicating the biphasic nature of the samples. From the X-

ray, diffraction peaks average particle size was estimated 

using Scherrer’s formula. 

 

t=0.9λ/βCosθ                                                                       (3) 

 

where 0.9 is the Scherrer’s constant (k), λ is the X-ray 

wavelength corresponding to CuKα, β denotes the full-width 

at half-maximum of the peak and θ is the Bragg angle. The 

crystallite size was found to be in the range of 25-30 nm. The 

X-ray density (dx) was calculated using the relation. 

 

dx = 8 M / N a3                                                                                                      (4) 

 

where N=Avagadros number (6.023x1023atom/mole). The 

values of lattice constant (a), x-ray density (dx) and 

crystallite size are summarized in table 1. 

 

TEM analysis: Fig. 2 depicts the transmission electron 

micrograph of CeO2, SnO2 and CeO2-SnO2 nanocomposite 

samples. It is evident that the average particle size of CeO2 

and SnO2 is around 10-15 nm. Fig. 2 clearly shows the 

presence of a dispersed phase of CeO2 on SnO2.

 

Table 1 

Data on lattice parameter, crystallite size, x-ray density of CeO2 and SnO2 samples. 
 

Composition 

(x) 

Lattice parameter 

Å 

Crystallite Size 

(t) (nm) 

X-ray density, 

(dx) (g/cm3) 

CeO2 5.406 35 3.513 

SnO2 4.748 22 3.025 
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(a) 

 

(b) 

 

(c) 

Fig. 1: XRD Patterns of (a) CeO2 (b) SnO2 and CeO2-SnO2 
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(a)                                                                            (b) 

CeO2

SnO2

CeO2-SnO2

 
(c) 

Fig. 2: TEM Image of (a) CeO2 (b) SnO2 and (c) CeO2-SnO2 

 

Electrical Resistivity: Temperature dependence of 

resistivity (ρ) of samples sintered at 973K for 8h was studied 

over the temperature range from room temperature to 623K 

and they are shown in fig. 3. It can be seen that the resistivity 

decreases with increasing temperature for all samples. The 

observed behavior clearly indicates that the present CeO2, 

SnO2 and CeO2-SnO2 samples have semiconductor-like 

behavior. The resistivity arises due to the mobility of the 

extra electron, which comes from the crystal lattice. The 

movement is described by a hopping mechanism, in which 

the charge carriers jump from one ionic site to the next. The 

decrease of the electrical resistivity with increasing 

temperature may be related to the increase of the drift 

mobility of thermally activated charge carriers (electron and 

hole) according to hopping conduction mechanism.  

 

Gas sensing study: Fig.4 shows gas sensing performance of 

each composition of the CeO2, SnO2 and CeO2-SnO2 system 

has been tested for various oxidizing and reducing gases viz. 

ethanol, LPG, H2, Cl2 CO2 and ammonia gas. To investigate 

gas-sensing properties, the crystalline nanosized powder in 

the form of pellets was used. The pellets of diameter 8 mm 

and thickness 2 mm were made under pressure of 5 tons/cm2 

using hydraulic press followed by sintering at 400 0C for 2 

h. These pellets were then subjected for studying their 

sensitivity and selectivity at different controlled 

temperatures towards various gases in the dynamic setup. It 

is seen from the figure that the gas sensing study shows that 

CeO2 has selective response for LPG at 150°C. 

 

The gas sensing mechanism for metal oxides in LPG can be 

explained as follows. It is well known that LPG contains 

CH4, C3H8 and C4H10 etc.  In these substrates, reducing 

hydrogen species are bound to the carbon atom.  

 

Therefore, the LPG dissociates very slowly into the reactive 

reducing components on the surface of the sensor. When the 

nanosized metal oxides are exposed to the reducing gases 

like LPG, they react with chemisorbed oxygen thereby 

releasing an electron back to conduction bands which 

decreases the resistance of the sensor.  
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Fig. 3: Electrical resistivity study of CeO2, SnO2 and CeO2-SnO2 

 

 

 

Fig. 4: Gas sening study of CeO2, SnO2 and CeO2-SnO2 Samples 
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Conclusion  
Nanosized ceria (CeO2), cassiterite (SnO2) and ceria-

cassiterite (CeO2-SnO2) nanocomposite were successfully 

synthesized by using microwave method. This method is 

cost-effective and environmentally friendly because of no 

by-product effluents. X-ray diffraction technique reveals 

that ceria (CeO2) properly supported on the surface of 

cassiterite (SnO2) and formation of single phase metal 

oxides. Nano sized ceria, cassiterite and ceria-cassiterite 

nanocomposite were confirmed by transmission electron 

microscopy technique. The particle size of the single oxides 

like CeO2, SnO2 and their nano composite is in the range of 

10-20 nm.  

 

The electrical resistivity is decreasing with increasing 

temperature for all the samples. This indicates that all the 

samples show semiconductor-like behavior. Various 

reducing and oxidizing gases were tested for gas sensing 

activity of all the compositions. CeO2 shows remarkable 

response towards LPG with good selectivity. 
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