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ABSTRACT 

The present research study pertains to composites of Copper oxide (CuO) and titanium oxide (TiO2). The composites of 
CuO-TiO2were prepared by mixing these oxides in various ratios of molar weight using Mortal & Pastel. These 
composites then subjected to sintering in the furnace at 8000C for 5 hrs in air. CuO-TiO2 different stoichiometric ratio 
powders made use to fabricate the thick films. Thick films were prepared on the glass substrate using screen printing 
technique. The prepared thick film surface/ material characteristics were investigated by scanning electron microscopy 
(SEM). This shows the composition is uniform throughout the mixture and CuO-TiO2 composites are porous with 
varying crystal size. Further, these thick films were used for gas sensing action of NH3 gas at different temperatures 
and varying gas concentrations (10-200PPM). A mixed oxide composite sample comprising 45 mol.% of CuO and 65 
mol.% TiO2 exhibited the highest sensitivity comparing to other CuO-TiO2 composites studied at room temperature. 
Furthermore, from step response, the response and recovery times were also reported for optimizing the sensor in the 
present research. The sensor reproducibility cycle was performed to optimize the sensor at ammonia gas (NH3) 
________________________________________________________________________________ 
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Introduction 

Since last two decades, the fabrication of 
small-size cheap, functional at lower 
temperatures, high sensitivity, best selectivity, 
long-term stability, fast response/ lesser 
recovery times, lower detection limits, reliable 
gas sensors with high energy efficiency and 
enhanced performances have attracted wider 
interest due to growing global concern on 
environmental monitoring, domestic/public 
safety, and automotive applications Comini 
(2006), Barreca et.al.(2010),Chen et.al 
(2008),Wang et.al.(2007).Gas sensors using 
semiconductor oxides have numerous 
advantages, such as low-cost, easy fabrication 
method and miniaturization, durability, and 
lower detection limits Williams et.al. (1995), 
Fergus(2008). p-type semiconducting metal 
oxides such as NiO, CuO, and Cr2O3, and its n-
type counterparts like TiO2, SnO2, and ZnO are 

recognized as promising sensing materials due 
to their potent chemical and physical stability 
Meixner & Lampe(1996), Nisar et.al. (2013), 
Morrison(1981), Chen et.al. (2011). As shown 
in Fig. 1, Semiconductor oxides-based p-type 
and n-type gas sensors show interesting 
responses with oxidizing (e.g., NO2, NO, CO2) 
and reducing (e.g., CO, NH3, CH4, SO2) gases. 

In our day-to-day life, ammonia gas (NH3)is 
found its applications in dairy plants, frozen 
dessert plants, wineries, breweries, 
petrochemical industry, fruit crush, vegetable 
juice and beverage processing facilities Giddey 
et.al.(2013), Timmer et.al.(2005).Within the 
atmosphere, the standard NH3 level ranges in 
ppb (1–5 ppb) Mani & Rayappan(2013); 
however, inhaling even the safe level of NH3 
can trigger life-threatening illnesses due to its 
toxicity and corrosive properties hamper the 
metabolism of skin, eyes, and lungs. 
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Fig. 1 Schematic diagram of  sensitivity (S) for (a, b) oxidizing and (c, d) reducing gases using p- 
and n-type semiconducting metaloxides utilizing air as a reference gas. (Where Rair = Resistance in 

air, Rox.g= Resistance in oxidizing gas, Rred.g= Resistance in reducing gas) 
 

According to Occupational Safety and Health 
Administration (OSHA), the exposure limit of 
NH3 to human beings is 25 ppm for 8 hours 
and 35 ppm just up to 10 minutes Mani & 
Rayappan(2015), Talwar et.al. (2014). 
Therefore, considering its roles in various 
environmental processes and industrial 
technologies, its precise and reliable detection 
isa matter of common interest. Physical 
properties like low boiling temperature, large 
heat capacity, ammonia found its highest use as 
the coolant in large-scale refrigeration 
facilities. The possible minor leakage and 
consequent expose of ammonia gas can lead to 
serious health problems for humans as well as 
ecosystems, even at low concentrations of 
ppm. Thus, rapid locating of leak detection are 
of high importance for all security systems 
used in industrial facilities associated with 
ammonia gas. 
Here, we report CuO-TiO2mixed oxide 
composites as sensors for NH3detection at ppm 
level. The composites with various ratio of 
CuO and TiO2 were prepared via a mechanical 
mixing process and characterized using 
scanning electron microscopy (SEM). The 
present study also focuses on understanding the 
potential mechanism for detecting NH3 species 
using Semiconductor oxides-based composites. 

Materials & Methods 

Preparation of CuO-TiO2mixed oxide 
composites 

Commercial CuO (Merck AR Grade 99%) and 
rutile-TiO2 (99+%, Merck AR Grade) were 
mixed together thoroughly for the preparation 
of CuO-TiO2 composites with different mole % 

ratio. Acetone was poured rop wise to the 
starting mixture in the crucible and thoroughly 
grinded using Mortal & Pastel. The obtained 
powder of these composites were dried first at 
1000C in a convection oven and then grinded to 
fine powder. This composite powder were 
subjected to calcination at 8000C for 5hrs with 
100C/min ramp rate in air. The obtained 
calcined powder were mixed again by using 
Mortal & Pastel. Well dried powders of 
composites were used for the preparation of the 
thick films. The obtained composites of metal 
oxides sample are coded as follows in the           
table 1 
Table 1: Sample code for different composition 

3 Composition in Mole % 
S1 PureTiO2 
S2 30CuO-70TiO2 
S3 40CuO-60TiO2 
S4 45CuO-55TiO2 
S5 50CuO-50TiO2 
S6 55CuO-65TiO2 
S7 60CuO-40TiO2 
S8 70CuO-30TiO2 
S9 Pure CuO 

 
Preparation of CuO-TiO2 Mixed Oxide 
composite Thick Film Sensor by 
Conventional Screen-Printing Method 
Thick films of semiconductor sensors were 
fabricated using standard screen printing 
method. So as to prepare these films, inorganic 
metal oxides was added to organic binder 
solution in the ratio of 70:30. Binder solution 
was prepared by using Butyl carbitol acetate 
(BCA) and ethyl cellulose (EC) in fixed ratio 
of 8:92. Metal oxides and binder solution were 
mixed meticulously for 30 minutes using 
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mortar and pestle. This gave us stoichiometric 
slurry to make stable thick films over glass 
substrates.  
Further small amount of BCA was mixed to 
above slurry drop wise to get gel like paste. 
This jelly paste is applied as thick film with 
dimension of 1 X 0.5 cm over clean and dry 
glass substrate. After the application of 
composite coat on glass, these films were dried 
in air for 20 minutes and subsequently under 
IR light for 30 minutes. Afterward these 
composite loaded glass plate were heated in 
muffle furnace at 1000 C for approximately 2 
hrs. After cooling these thick films were used 
for the study of its electrical properties using 
screen printed silver electrode for electrical 
contact with the circuit.  

Gas Sensing System 

Performance of the prepared composite sensors 
were tested using ‘static gas sensing system’ 
Lampe et.al (1995), Patil, A. V., Dighaykar 
et.al. (2010), Zhang & Colbow(1997), Jain 
et.al. (2007). Thick films were connected to 
D.C. voltage supply using two silver electrodes 
and varying voltage was measured by digital 
microvoltmeter. Heater was mounted at the 
base plate in order to maintain required 
temperature. Thermocouple was connected to 
digital thermometer for measuring temperature 
and inlet valve was fitted at one of the ports of 
base plate for the entry of the required amount 
of ammonia gas through injecting syringe. 
After every gas exposure cycle air was passes 
through glass dome.  

Result and discussion 

Material Characterizations 
Scanning Electron Microscopy 

Scanning Electron Microscopy (SEM) is often 
used to examine the surface morphology of 
materials. SEM analysis of the materials can 
visualize various surface properties in the form 
of homogeneous, heterogeneous, porosity, 
voids present over the surface. The undoped 
copper oxide and CuO-TiO2composite thick 
filmsensors were examined by SEM before gas 
detecting tests over the films. Figure 2 a-b 
revealed surface morphology of the porous 
CuO films. SEM pictures of pure CuO and its 
composite with TiO2 showed that substantial 

surface area increase in case of composite. This 
is due to variable sized particles with 
interstitial spaces. This porosity helped for 
efficient gas adsorption and also enhanced 
sensitivity of gas sensors. Comparison of 
particles size and surface area is shown in 
Table 2.  

Table 2: Surface area and mean particle size 
from SEM data 

Fabricated 
sensor 

Calcination 
temperature 

(0C) 

Calculated 
size in nm 

Surface area 
of film 

sensor(m2/g) 
S1(Pure 
TiO2) 

8000C 140nm 2.043 

S4(45CuO-
55TiO2) 

8000C 254nm 3.321 

S5(50CuO-
50TiO2) 

8000C 201nm 2.564 

S6(55CuO-
45TiO2) 

8000C 208nm 2.865 

S9(Pure 
CuO) 

8000C 156nm 2.136 

 

 
Fig2 (a) SEM image for S5 sample 

 
Fig (b) SEM image for S4 sample 

Electrical Characterization 

Thick film sensorsofmetal oxide composites 
were examined for electrical characterization 
and gas detection. The gas detection execution 
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was evaluated by a home-made gas sensor 
system as shown in fig 3. 

Fig.3.Gas sensor system

DC resistance of these composite sensor was 
measured, in the atmosphere of various 
temperatures with fair reliability.  The 
temperature sensed by thermocouple was 
intentionally recorded by a digital 
thermometer. The gas is injected at ppm level 
inside the glass chamber by using a Syringe. 
The constant DC voltage was applied to the 
circuit. Sample resistance was measured in the 
ambient air and also in the presence of testing 
gas atmosphere at various temperatures. 
method, the resistance of R = 1M
connected in series with the material and used 
DC Power supply (0-5V).(Fig 4). 

Fig. 4 Measurement of sample resistance

Sensitivity of gas sensor in terms of resistance 
of sensors can be given by an equation

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦(𝑆) =
𝑅ேுయ − 𝑅

𝑅஺௜௥

Where RNH3 is the electrical resistance of thick 
film in presence of Ammonia gas(NH
RAir is electrical resistance of thick film in 
ambient air.  

Gas sensing characteristics of CuO
mixed oxide thick film for Ammonia 
Gas(NH3) 

The sensing mechanism is based on surface 
phenomena in which reaction occurs between 
gas molecules and the sensing surface. Due to 
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is the electrical resistance of thick 
film in presence of Ammonia gas(NH3) and 

is electrical resistance of thick film in 

Gas sensing characteristics of CuO-TiO2 
mixed oxide thick film for Ammonia 

The sensing mechanism is based on surface 
phenomena in which reaction occurs between 
gas molecules and the sensing surface. Due to 

this interaction, the conductivity changes 
which is the fundamental principle be
metal oxide-based gas sensor. This temperature 
dependent phenomenon essentially involves 
adsorption of the target gas, charge transfer, 
and desorption process. 

At temperatures below 100 °C, only one 
electron is absorbed by single molecular 
oxygen which forms oxygen species (O
however above 100°C, two atomic 
oxygenspecies(O-andO2-) were formed due to 
the absorption of two electrons. The reaction 
kinematics can be expressed as follows

O2 (gas) O2(ads)

O2(ads) +e- O2
-
(ads)

O2(ads) +2e- 2O-
(ads)

O2(ads) +4e- 2O2-

When the CuO-TiO2composite surface is 
exposed by an ammonia gas environment, 
adsorption of NH3 and oxygen anions species 
occurs. Oxygen species underwent
chemisorption on material surface to form 
anion Oads

-in ambient air, by 
electrons from sensor. This reaction process 
results in the formation of a space charge 
depletion region over the sensor surface which 
decreases the sensor resistance
(2008). The reaction induced between CuO
TiO2 and NH3 can be described as follows
Fergus(2008): 

4NH3+3O2
-
(ads)2N2+6H

It is well known fact that TiO2

semiconductor, is dominated by electrons 
while CuO behaves like a p-type, dominated by 
holes. Higher work function of CuO and 
defects in the prepared composite surface leads 
to the formation of active sites for 
NH3adsorption. Thus, when the sensor surface 
is exposed to the NH3 atmosphere, gas 
molecules are adsorbed on active sites of 
sensor and releases free electrons due to
interaction between adsorbed oxygen species 
and NH3. Due to this, the holes in the CuO 
neutralizes leading to decrease in the width of 
charge conduction channels, which further 
increases the width of the depletion layer, and 
hence sensor resistance increases. 
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Fig5. Operating temperature vs sensitivity for 
45CuO:55TiO2 sensor 

Fig 5shows the sensing response of the device 
at different operating temperatures and gas 
concentrations (10ppm -100ppm). From this 
response, it is seen that 900C is the optimize 
operating temperature for optimize sensor i.e 
45CuO:55TiO2.  

Fig6(a): Sensor response NH
concentration vs sensitivity at room 

temperature 

Fig6(b): Sensor response Composition vs 
sensitivity at 70PPM 

Fig. 6 shows the sensor response for pure CuO, 
Pure TiO2, and CuO-TiO2 composite towards 
NH3 gas concentration-based gas sensor. While 
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based gas sensor. While 

considering the composition of CuO with TiO
material, enhancement in the sensor response 
has been observed. Among these mixed oxide 
composites, 45 mol.% of CuO and 65 mol.% 
TiO2composites gives excellent gas response 
towards NH3 as shown in fig.6(a) &(b)90 % 
and 10 % of maximum response (fall of 90 % 
of response) of the equilibrium value have 
selected for response and recovery time of the 
samples which is shown in fig7.From this step 
response, it reveals that the response time and 
recovery time for the 45CuO:55TiO
small as compare to other composition of 
sensor. 

Fig7: Step response for sensor

To analyze the reproducibility, we have 
repeated the response test 4 times for 10
NH3 gas concentration at 100°C temperature. 
The sensor responses are almost identical; 
which shows good repeatability as well as good 
reproducibility of the device. The reliability of 
the sensor depends on its long
Therefore, the sensor response for CuO
TiO2metal oxide composite towards 10 ppm 
NH3 at 90°C operating temperature has been 
tested for different time intervals. The response 
analysis up to one month shows a small 
deviation over time, as indicated in fig. 8.

Fig8: Stability Curve
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Conclusion 

The CuO-TiO2metal oxide composite thick 
films werescrutinized as NH3 gas sensors. They 
were characterized with SEM for porosity and 
surface area. The 45CuO-55TiO2composite 
sensor exhibits aexcellent response to NH3. 
While for the pure CuO and TiO2 sensor the 
response was poor. The sensor showed the best 
performance at 90°C operating temperature; for 

70 and 100 ppm NH3 gas concentration. We 
also investigated that optimized sensor showed 
the best response and smallest recovery time. 
The performance and stability study of the 
device have been done for different time 
intervals. This study paves a new avenue to 
design and fabricate the gas sensing electronic 
device with high-performance parameters for 
semiconducting applications. 
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