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Abstract        

WO3-based thick film resistors were fabricated using screen printing technology. The 

sensing behavior of WO3 thick film resistors deposited on alumina substrates has been 

investigated for NH3, H2S, & LPG gas. The films were sintered at optimized temperature 

of 500
O
C for 30 minutes. The material characterization was performed by XRD, SEM, and 

EDAX for elemental analysis. The UV-visible spectra show WO3 exhibits a shoulder at 

230 nm along with an ill-defined band at 251.6 nm. The optical band gap energy of 3.9 eV 

was obtained on a room temperature. The variation of D.C electrical resistance of WO3 

film samples was measured in air as well as in NH3, H2S, & LPG gas atmosphere as a 

function of temperature. The WO3 film samples show negative temperature coefficient of 

résistance. The WO3 film samples showed the highest sensitivity up to 400 ppm for NH3 

(2.94) at 300
O
C, for H2S (1.15) at 400

0
C and for LPG (1.14) at 330

O
C. Selectivity of H2S 

and LPG gas in comparison with NH3 was relatively poor. The effect of microstructure on 

sensitivity, response and recovery time of the sensor in the presence of NH3, H2S, & LPG 

gases were studied and discussed      

         

Keywords: WO3, Thick film, Material behavior, Optical behavior, Gas Sensitivity .     

Introduction   

Growing environmental pollution and a need to monitor and control these gases has led to 

research and development of very large variety of sensors using different materials and technology. In 

recent years, p and n-type semi conducting oxides have led to a new era in the field of gas sensors. Today 

our environment is polluted by number of gas exhausts from auto and chemical industries. Sensors play 

an important role in the areas of emissions control, environment protection, public safety, and human 

health [1-2]. Adverse and serious environmental issue has further promoted the development of sensors 

with both high sensitivity and rapid response. Metal oxide semiconductor materials such has SnO2, ZnO, 

TiO2, WO3, Fe2O3, ZrO2, CeO2, In2O3, Cr2O3, BaTiO3, Ga2O3 etc. have been well reported as gas sensors in 

the form of thick film [3]. The use of sensors is basically for industrial process controls, in human health, 

for the prevention of hazardous gas leaks, for measurements of physical quantities and for controlling 

some process leaks generated from manufacturing processes [4]. There are many types of gas sensors that 

have been used to detect various gases: catalytic gas sensors, infrared gas sensors, semiconductor gas 

sensors etc [1, 5-6]. Tungsten is the third element in group VI B of the Periodic Table. It Possesses 

different oxidation states ranging from (0) to (+VI) in various inorganic compounds. WO3 has the 

oxidation state (+VI), its density is higher than Cr and Mo which are found in its group [6]. Tungsten 

oxide possesses a polycrystalline structure with a wide band gap semiconductor. The band gap energy in 

tungsten oxide is due to optical absorption which varies from 2.6-3.0 eV. The most common structure of 

WO3 is monoclinic with space group P21/n.It is widely studied material owing to its established 

photochromic and electrochromic properties [7-8]. Amorphous and polycrystalline WO3 films are 
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particularly attractive as gas sensors because they show a catalytic behavior both in oxidation and 

reduction reaction [9]. Electro chromic devices which exploit WO3 are typically in an amorphous form, 

whereas electrical devices such as gas sensors are in a crystalline form [10]. Tungsten also forms other 

oxides such as WO, W2O3 and W4O3, however in gas sensing the stable WO3 form is used.  Tungsten 

Oxide is known to be a very promising material for sensing of the air pollutants like NO/NO2, CO/CO2 

and ethanol [11-12].The sensing behaviour of bulk WO3 is known to be a function of its chemical and 

physical properties such as surface area, phase composition, crystallinity, and stoichiometry. Generally, 

the majority of the WO3 sensing properties are made up of (i) the WO3 structural model perovskite- type 

ABO3 lattice with A site being an unoccupied site, (ii) oxygen-deficient or non-stoichiometrical oxides 

and (iii) the sensitivity is being mainly influenced by the sensing material. The WO3 based gas sensors are 

used because of their long term stability, small size, light weight, low cost, good mechanical strength, 

high reliability, fast response. WO3 based gas sensors are synthesized in various forms such as Thin [13-

15], Thick [16-21], Spray Pyrolysis [22]. The structural parameters like the crystallite size, Film 

thickness, and the porosity in the sensing layers have enhanced the effect on the gas sensitivity. The 

adsorption and desorption mechanism of semiconductor gas sensors is the simple mechanism of 

resistivity change. This resistivity change is due to the desorption of surface oxygen adsorbets via 

reactions with reducing gases such as H2, CH4, C3H8, C2H5OH, CO, LPG, NH3 and H2S.The reducing gas 

reacts with physisorbed oxygen, increasing the electronic concentration in the material thereby decreasing 

the electrical resistance [23].
 
As ammonia gas sensor is useful industrial product, it can be developed into 

gas sensors of low cost, high sensitivity and good selectivity. The resistance of all these n-type oxide 

semiconductor gas sensors is decreased by exposer to NH3 gas. This is similar to the case of reducing 

gases. Liquefied Petroleum Gas (LPG) is highly inflammable gas, so it is explosively utilized in industrial 

and domestic fields as fuel. It is referred as cooking gas. Cooking gas consists chiefly of butane [24], a 

colorless, odorless and non toxic gas. Some well known materials for NH3, H2S and LPG gas sensing are 

ZnO [25-29], SnO2 [30-33], Ru-SnO2 [34], SnO2-Cu [5, 35], TiO2 [36-37], WO3 [17, 38-40]. The aim of 

present work is to prepare WO3 thick films by standard screen printing technique on alumina substrate 

and to investigate their sensing properties for NH3, H2S and LPG gas.
 

Experimental Details
 

Powder, Paste, Thick Film Preparation 

Commercially available white color WO3 powder ( Loba Chem.) is mixed thoroughly in an 

acetone medium by using a mortar and pestle with a permanent binder ( lead borosilicate glass frit with a 

composition of 70 wt.% PbO, 18 wt.% SiO2, 3 wt.% Al2O3, 3 wt.% B2O3 and  6% TiO2) [41]. Initially the 

fine powder is sintered at 450
o
C for 2 hour in muffle furnace. The pastes used in screen- printing were 

prepared by maintaining inorganic to organic materials ratio at 70:30. The inorganic part consisted 

functional material (WO3 and glass frit), the organic part consisted of 8% ethyl cellulose (EC) and 92% 

butyl carbitol acetate (BCA). A solution of EC +BCA (in ratio of 8:92) was made and added dropwise to 

the WO3 powder until proper thixotropic properties of paste were achieved. The paste was screen printed 

onto an alumina substrate (96% pure Kyocera). The details of the technique are described elsewhere [42]. 

The films were dried under IR lamp for 1 hour in an air to remove the organic binder and fired at 500
O
C 

for 30 minutes in the muffle furnace for better adhesion. During the firing process glass frit melts and the 

functional materials are sintered. The function of glass frit is to bind grains together. 
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Thickness Measurements 

The thickness of the WO3 thick films were measured by using Taylor-Hobson (Taly-step UK) 

system. The thickness of the films was observed in the range of 15-20 μm. 

Material Characterizations 

The WO3 thick film material is characterized by X-ray diffraction technique [Miniflex model, 

Rigaku-Japan, DMAX-2500, CuKα (λ=1.542 angstrom) radiation] for structural analysis, degree of 

crystallinity and grain size determination for Braggs angle (2θ) from 20 to 80 degree.
 
The average grain 

size was determined by using Debye Scherer formula [43]   





cos

9.0
D               .…..…….(1) 

Where D is the grain size, λ is the wavelength of the X-ray radiation (1.542 angstrom), θ is the 

angle of diffraction and β is the full angular width of diffraction peak at the half maximum peak intensity.  

Surface Morphology of the WO3 thick films were studied by using scanning electron microscopy 

SEM (JOEL JED-2300, Japan) with Energy Dispersive Analysis of X-rays, EDAX for chemical 

composition. UV-VIS spectra were carried out on the JASCO UV-VIS-NIR Model V-670 

Spectrophotometer. 

Sensor Characterization 

The DC resistance of the film samples was measured by half bridge method as a function of 

temperature in atmosphere [44]. The measurement of ppm-level gas sensing characteristics was carried 

out using a simple home built static measuring system [30]
 
under normal laboratory conditions. The 

samples were characterized of NH3, H2S and LPG gas sensing for 400 ppm of gas concentration. The 

temperature of the sensor was increased from room temperature to 450
O
C in air ambient. Before and after 

injecting the test gas (NH3, H2S and LPG), the change in the resistance of the sample was observed in air 

and test gas plus air. The optimal temperature of the sensor is defined as the temperature at which the 

sensor shows the maximum change in the resistance due to the presence of the test gas. The sensitivity 

(Sra) of the WO3 thick film sensors at various temperatures was calculated as  

         
Rgas

Rair
Sra                 …….… (2) 

where Rair and Rgas are values of the resistance of the sensor in air and NH3, H2S and LPG gas 

plus air, respectively at the same temperature. The response time is defined as the time taken for the 

sensor to reach from 10% to 90% of the maximum value of the sensitivity after the surface has come in 

contact with the test gas [45]. The response time of the sensor was measured by injecting 400 ppm 

volume of gas inside the chamber at the optimal operating temperature of respective gas. For measuring 

recovery time, the sensor was exposed to air ambient by maintaining the optimal operating temperature 

constant, and then the time was noted till it achieved at least 10 % of its maximum value.  

Result and Discussion 

X-ray diffraction analysis of WO3 thick film 

Figure1. Shows an XRD patterns WO3 thick film samples fired at 500
0
C plotted in the range 20-

80
0
 (2θ). The XRD pattern shows several peaks of tungsten oxide phases indicating polycrystalline 
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nature. The observed peaks show the presence of different phases of WO3, match well with reported 

ASTM data confirming polycrystalline structure. The sharp peaks reflexes seen on the pattern indicate 

that a transformation to a highly ordered crystallite has occurred in the material. As the firing temperature 

500
0
C, sharp and intense peaks appear in the XRD pattern indicating a high degree of crystallinity. 

 

Figure1: XRD Pattern of WO3 Thick film fired at 500
0
C. 

Firing 

Temp 
0
C 

% Relative phases of WO3 

WO3 

Monoclinic 

WO3 

Triclinic 

WO3 

Cubic 

WO3 

hexagonal 

Al2O3 

 500 50.79 10.70 5.24 11.67 21.60 
 

Table1: The presence of % relative phases of WO3 Thick film fired at 500
0
C. 

Table1. Illustrates the Presence of percentage relative Phases of WO3 thick film resistor. Here I 

have added the intensities of all peaks corresponding to WO3 and then the relative presence of different 

phases was found in percentage. It was also evident from fig.1. that the diffraction peaks at 2θ values of 

23.7
0
, 24.2

0
, 24.9

0
, 29.4

0
, 42

0
, 47.8

0
, 50.9

0
,51.3

0
, 55.3

0
, and 56.4

0
 reveals the formation of the Monoclinic 

phase [ASTM Card No.43-1035], peaks at 33.9
0
 and 34.7

0
 reveals the formation of Triclinic phase[ASTM 

Card No.32-1395], peaks 50.5
0
,62.8

0
, and 77.6

0
 reveals the formation of Hexagonal phase [ASTM Card 

No.33-1387] and  Peak 33.8
0
 reveal the formation of Cubic phase [ASTM Card No.46-1096]. In addition 

two reflections at 2θ=58, 77.3
0
 corresponding to Al2O3 are also observed. The average grain size of the 

film samples calculated by using Scherer formula [43] were found to be 60.88 nm (±2nm) at 500
O
C (±2 

O
C) respectively, which slightly higher than the earlier reported values (=55nm) [19]. 

Micro Structural Analysis by SEM  

 

 

 

 

  

 

Figure 2: SEM image of WO3 Thick film Fired at 500 
0
C.  (a)  Unfired WO3 (b) Fired WO3 

  
a) Unfired b) Fired 
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Figure2-a and b shows the SEM micrographs of WO3 thick films for studying the surface 

morphology. Figure 2 (a) shows the SEM micrograph of WO thick which were not fired at higher 

temperatures and I see the compactness in the polycrystalline structure without any pores. The Figure-2 b 

shows the SEM micrographs of WO3 thick films fired at 500
O
C. Here I see polycrystalline structure with 

number of pores (voids) distributed on the surface of the film, basically due to evaporation of organic 

binder during the firing of the films. The particle size is 325 nm (±2nm) at 500
0
C (±2 

O
C) for the WO3 

thick film. The average particle size observed in SEM is much higher than estimated from bulk XRD data 

indicating agglomeration of the particles.  

Elemental analysis  

The EDAX analysis of WO3 thick films showed presence of only W and O as expected, no other 

impurity elements were present in the WO3 film samples. Also from the EDAX spectra, it is found that 

wt% and at% of W and O are nearly matched illustrate in Table 2. 

Sample Firing 

Temp 
0
C 

Wt 

% 

Mass 

% 

At 

% 

Error 

% 

WO3 500 W 91.56 48.56 0.42 

O 8.44 51.44 0.41 

Table2: Composition of the WO3 Thick film fired at 500 
0
C 

Optical studies 

Figure 3- a Shows the absorbance spectra of WO3 sample sintered at 450
0
C in the wavelength 

range 200–800 nm.  

                

Figure 3: (a) Absorption spectra of WO3 sintered at 450
O
C  (b) Plots of  2

h against (hע) for WO3. 

The UV absorption spectra show the absorption peaks at around 251.6 nm. The data were further 

analysed for the estimation of the band gap energy of the WO3 samples. The band gap of the WO3 was 

(b) 
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calculated by extrapolating the straight –line portion of the graph on X-axes plotted between (αhע)
 2

 

against the photon energy (hע) with the help of Tauc’s relation-3 [46].     






h

EghA 2/1)( 
        ….. (3)      

Where Eg is the optical band gap energy, A is a constant. Here n is equal to 1 for a direct gap. The 

obtained band gap from the graph was found to be 3.9 eV at room temperature shown in figure b. The 

optical band gap energy (Eg= 3.22 eV) of WO3 has been reported by M.C.Rao [47]. 

Electrical characterization 

The DC resistance of the WO3 thick films fired at 500
0
C (±2

0
C), was measured by using half 

bridge method as a function temperature. The resistance of thick films decreases with increase in 

temperature showing semi conducting behavior. Figure 4 a shows the resistance variation of WO3 thick 

films fired at 500
0
C (±2 

0
C) temperatures in air. Tungsten oxide thick film samples exhibited three 

regions of resistance similarly to SnO2 thick film Sensors [48]. There is a decrease in resistance with 

increase in temperature indicating semiconducting behavior, obeying R=RO e
-∆E/KT

 in the temperature 

range of 100 to 450
0
C. For WO3 film samples fired at 500

0
C, initially resistance is constant up to 155

0
C 

temperature, and then falls linearly up to a certain transition temperature. After the transition temperature 

the resistance decreases with exponential fashion and finally saturate to steady level. The transition 

temperature depends on firing temperature of the film. The resistance of WO3 thick film samples upon 

exposer to NH3, H2S and LPG gas was lower than that in air. When gas comes in contact with grain 

boundaries there is systematic decrease in resistance of film upon exposer to NH3, H2S and LPG gas 

which is attributed to the decrease in potential barrier at grain boundaries. The initial value of WO3 thick 

film resistance in air atmosphere (at 100
O
c) was measured to be 157885 Mohm.  

                      

Figure 4: Variation of (a) Resistance with temperature          (b) Log R Versus 1/T of WO3 Thick film  

                     fired at 500
O
C. 

The following equation was used for calculating the resistance Rsample = Rref (VSupply/Vref)-1)].  

Figure 4 b Shows log R versus reciprocal of temperature (1/T) variation of WO3 thick films fired at  
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500
0
C. This variation is reversible in both heating and cooling cycles obeying the Arrhenius equation  

 kRoeR /
                   ..… (4) 

Where, Ro: the constant, ΔE: the activation energy of the electron transport in the conduction band, K: 

Boltzman constant and T: Absolute temperature.  

 It is seen that the curve has two distinct regions of temperature namely low temperature region 

(398 to 473
O
K) and high temperature region (598 to 668

O
K). The activation energy in the lower 

temperature region is always less than the energy in the higher temperature region because material 

passes from one conduction mechanism to another. The earlier reported value of activation energy is 0.82 

eV [49]. In low temperature region, the increase in conductivity is due to the mobility of charge carriers 

which is dependent on the defect/dislocation concentration. So, the conduction mechanism is usually 

called the region of low temperature conduction. In this region activation energy decreases, because a 

small thermal energy is quite sufficient for the activation of the charge carriers to take part in conduction 

process. In other words the vacancies/ defects weakly attached in lattice can easily migrate (extrinsic 

migration). Hence increase in the conductivity in the lower temperature region can be attributed to the 

increase in charge mobility. In high temperature region, the activation energy is higher than that of low 

temperature region. In this region the electrical conductivity is mainly determined by the intrinsic defects 

and hence is called high temperature or intrinsic conduction. The high values of activation energy 

obtained for this region may be attributed to the fact that the energy needed to form defects much larger 

than the energy required for its drift. For this reason the intrinsic defects caused by the thermal 

fluctuations determine the electrical conductance of the film samples only at elevated temperature. The 

variation of resistivity, Temperature coefficient resistance (TCR) and activation energy of the WO3 thick 

films fired at temperatures of 500
o
C is summarized in Table 3. 

Firing Temp. 

0
C 

Sheet resistivity 

ρsx10
12

, (Ω/□) 

TCR(/
o
C) 

x 10
-3

 

Activation energy, eV 

L.T. 

region 

        H.T  

         region 

500 0.09868 6.169  0.12582       0.86542 

Table3:  Electrical parameters of WO3 Film samples fired at 500
O
C. (Thickness =16 µm) 

Sensing performance of Pure WO3 Thick film 

Figure 5, It is found that sensitivity of WO3 thick films increases with increase in operating 

temperature and shows maximum peak values at optimal temperature and then the sensitivity decreases 

with further increase in temperature. At the optimal temperature, the activation energy may be enough to 

complete the chemical reaction. The resulting equation is                                                  

O2 (atm)+2e
-
(cb)  2O

-
ads                      ..........(5) 

The observed increase and decrease in the sensitivity indicates the adsorption and desorption 

phenomenon of the gases. The optimal temperature was confirmed for each WO3 film samples for two 

cycles. For NH3 gas, the response was observed to increase with operating temperature up to 300
O
C. After 

300 
0
C temperature, the surface would be unable to oxidize the gas so intensively and the NH3 may burn 

before reaching the surface of the film at higher temperature. Thus, the gas sensitivity decreases with 
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increasing temperature
 
[21]. The higher sensitivity may be attributed to the optimum number of misfits on 

the surface, porosity, larger surface area and the larger rate of oxidation of NH3 at 300 
0
C for film. The 

maximum response of WO3 thick film to NH3 gas was found to be 2.944 at 300
O
C. For H2S gas, the 

response was observed to increase with operating temperature up to 400
O
C and then decrease with a 

further increase in operating temperature. The maximum response of WO3 thick film to H2S gas was 

found to be 1.1567 at 400
O
C. For LPG gas, the response was observed to increase with operating 

temperature up to 330
O
C and then decrease with a further increase in operating temperature. The 

maximum response of WO3 thick film to LPG gas was found to be 1.148 at 330
O
C. The variation in the 

sensitivity with the temperature of the WO3 sensor for 400 ppm of NH3, H2S, and LPG gas concentration 

in air is given in fig.5. Initially, the sensitivity increases with temperature and reaches a maximum values 

2.944 at 300
0
C for NH3, 1.156 at 400

0
C for H2S and 1.148 at 330

0
C for LPG. This temperature is known 

as the optimal temperature. The optimal temp reported for NH3 with pure WO3 thick film is 330
0
C [16], 

for H2S gas is in the range of 400 
0
C [21] and for LPG is reported as 325

0
C [50]. The activation energy 

may be enough to complete the chemical reaction (eqn.5), which results in the maximum adsorption of 

the concerned gas and above the optimal temperature, the decrease in sensitivity with increase in the 

temperature, represents the rate of desorption of the reducing gas   [R +O-ads =RO +e-]. The increase and 

decrease in the sensitivity observed in the graph represents the adsorption and desorption phenomenon of 

the gases. The change in resistance of the semiconductor oxide thick film sensor in the presence of toxic 

gases takes place according to the following two reactions [51]. In the first reaction, atmospheric O2 

molecules are physiosorbed on the surface site while moving from site and become ionized by taking an 

electron from the conduction band and are thus ionosorbed on the surface as O-ads [52]. This leads to an 

increase in resistance of the sensor material. 

 

Figure 5: Sensor response with temperature of WO3 Film for 400 ppm of NH3, H2S & LPG. 

The resulting equation is O2 (atm) + 2e
-
(cb)  2O

-
ads.  In the second reaction, the reducing gas (R), 

present in the ambient air, reacts with the chemisorbed oxygen, thereby releasing an electron back to the 

conduction band and decreasing the resistance of the sensor material R +O-ads =RO +e- Desorption of RO 
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takes place at a higher temperature. The basic reactions that might be taking place between the gas 

molecules and the surface –adsorbed oxygen species are as follows:  

O
-
ads +NH3→NH + H2O + e

-
(cb) 

O
-
ads +H2S→ S + H2O + e

-
(cb) 

13O
-
(ads) + C4H10 (gas) → 4 CO2 (gas) + 5 H2O (gas) + 13e

-
(cb) 

Response Time and Recovery Time  

The time taken for sensor to attain 90% of maximum change in resistance or conductance upon 

exposure to NH3, H2S and LPG gas is the response time. The time taken by the sensors to get back 90% of 

original resistance or conductance is the recovery time. Figure 6.shows the typical change in response 

time for the WO3 thick film sensors after injecting 400 ppm of test gas separately at the optimal 

temperatures 300
0
C, 400

0
C, and 330

0
C for NH3, H2S and LPG gas into the measurement chamber. The 

response time is approximately 22 sec 10 sec and 10 sec. The recovery time is obtained just by removing 

the chamber. It was also found to be approximately 40sec, 50sec and 45sec. The quick response may be 

due to faster oxidation of gas. 

 

Figure 6: Sensor response with response time and recovery time of WO3. 

Selectivity for specific gas 

Selectivity (or specificity) is a very important parameter for a gas to be useful. The operating 

temperature optimization studies can be used for the calculation of selectivity. The selectivity of gas for 

WO3 thick film is calculated by using sensitivity data of fig.5. The selectivity of WO3 thick film to 400 

ppm is obtained for three gases NH3, H2S and LPG. The data for same are summarized in Table 4. From 

table it is seen that, at the operating temperature 300
0
C, the selectivity for NH3 against H2S (3.0548) and 

LPG (3.1032), at the operating temperature 400
0
C, the selectivity for H2S against NH3 (0.7493) and LPG 

(1.3796) and at the operating temperature 330
0
C, the selectivity for LPG against NH3 (0.4519) and H2S 

(1.1611).The WO3 film sample has good selectivity for NH3 against H2S and LPG. Selectivity of H2S and 

LPG gas in comparison with NH3 was relatively poor, as indicated by the adsorption configurations of the 
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gas molecules and fragmentation reaction on the W sites might be responsible for the high selectivity to 

NH3. 

Gas Oper. 

Temp    

Sensitivity                   Selectivity 

NH3 300 2.944 NH3/ H2S 3.054 NH3/ LPG 3.103 

H2S 400 1.156 H2S/ NH3 0.749 H2S/ LPG 1.379 

LPG 330 1.148 LPG/ NH3 0.451 LPG/ H2S 1.161 

Table 4: Selectivity data of WO3 Thick film for NH3, H2S and LPG 

Gas sensing mechanism 

The gas sensing mechanism depends on the surface reaction between chemisorbed oxygen and 

reducing gases. The adsorption of oxygen on the film surface has two forms: physisorption and 

chemisorption. At elevated temperature, chemisorption is dominant. The transition from physisorption to 

chemisorption needs activation energy, which can be accomplished by increasing operating temperature. 

It has been reported that the amount of oxygen adsorbed on the sensor surface goes on increasing with an 

increase in temperature, reaches to maximum and then decreases with further increase in operating 

temperature. Ammonia acts as a reducing gas, the carrier concentration in the film rises as a result of the 

decrease in adsorbed surface oxygen. This rise in the electron concentration within the film is reflected as 

a decrease in resistance as follows [17]. 

2NH3 +3O
-
→N2↓+3H2O +3e

-
 

4NH3 + 5O2 → 4NO↓ + 6H2O 

H2S is a reducing agent and reduces metal oxide to free metal. 

WO3 + 3H2S→ W↓ + 3H2O+ S3 

LPG gas on exposure decomposes into carbon and hydrogen species, which react with adsorbed oxygen, 

liberating the captured electrons into conduction band resulting in enhancing the catalytic activity of the 

film surface.  

C4H10 (gas) +13O
-
(film surface) → 4 CO2 (gas) + 5 H2O (gas) + 13e

-
(cb) 

Conclusion 

The screen-printed thick films of WO3 on alumina substrate were used to detect the NH3, H2S and 

LPG gas at ppm level. XRD analysis shows the structure of WO3 films is polycrystalline in nature. The 

average grain size of the WO3 film samples were found to be 60.88 nm (±2nm) which is slightly higher 

than the earlier reported values. The average particle size observed in SEM is much higher than estimated 

from bulk XRD data, indicating agglomeration of the particles. From optical studies, the material involves 

direct transition with band gap energy value was found to 3.9 eV. The reported value of band gap of the 

WO3 after heat treatment in air is attributed to the partial filling up of oxygen ion vacancies. The UV-

visible spectrum of WO3 exhibits a shoulder at 230 nm along with an ill-defined band at 251.6 nm. WO3 

thick films showed maximum response (2.944) to NH3 at 300
O
C, (1.156) to H2S at 400

O
C and (1.148) to 

LPG at 330
0
C gas at optimal temperature. The gas response is very high to NH3 as compared to H2S and 

LPG. The quick response (~22 sec for NH3, ~10 sec for H2S and ~10 sec for LPG) may be due to faster 

oxidation of gas. Selectivity of H2S and LPG gas in comparison with NH3 was relatively poor, as 
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indicated by the adsorption configurations of the gas molecules and fragmentation reaction on the W sites 

might be responsible for the high selectivity to NH3. From the above study I can see that WO3 sensors 

have great effect and utility in industrial sector. Growing environmental pollution and a need to monitor 

and control these gases has led to research and development of very large variety of sensors using 

different materials and technology.  So that WO3 is best material for thick film gas sensors which possess 

high sensitivity and rapid response. 
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