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METAL OXIDE MATERIALS FOR 

SENSING  

Metal 

Oxide 
Test Gas Temperature 

Sensitivity 

(Concentration) 

Response 

Time 

SnO2 NO2 2 ppm (25 °C) 7 (100 ppm) 1 min 

  H2 1 ppm (200°C) 4 (1 ppm) 50s 

  CO 100 ppm (25°C) 15 (500 ppm) 10 min 

  H2S 1 ppm (150°C) 6 x 106 (50 ppm) 10 s 

In2O3 NO2 0.5 ppm (25°C) 1x106 (100 ppm) 5 s 

  H2S 1 ppm (25°C) 1 (20 ppm) 48 s 

ZnO H2 200 ppm (25°C) 0.04 (200 ppm) 30s 

  CO 50 ppm (275°C) 3200 (400 ppm) 50 min 

WO3 H2 100 ppm (25°C) 22 (1000 ppm) 40 s 

CeO2 CO 10 ppm (25°C) 2 (200 ppm) 10 s 

Ga2O3 O2 50 ppm (25°C) 20 (50 ppm) 1s 

Choi K. J. and Jang H. 

W., One-Dimensional 

Oxide Nanostructures as 

Gas-Sensing Materials: 

Review and Issues, 
Sensors, 10, 4083-99, 

2010 
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Sensing Mechanism 

Reducing 

Oxidizing 



Sensitization 
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GAS 
SENSOR 

NANOWIRES 

MODIFICATION 
METAL OXIDES 

NANOTUBES 

NANORODS 

ZnO Nanorods 

ZnO Nanorods 

TiO2 Nanorods 

TiO2 Nanowires ZnO Nanowires Pd Nanowires Pd Nanowires 

AAO Nanotubes ZnO Nanotubes TiO2 Nanotubes 

Pd on TiO2 Nanorods 

Pd on TiO2 Nanowires 



Fabrication of TiO2 Spider- web Nanowires 
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by hydrothermal method  

1M NaOH 

220 °C 

4 hours 

Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 
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Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 



10 

Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 
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GAS SENSING MEASUREMENTS 
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Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 
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VOC Sensing 
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Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 



Fabrication of Pd-TiO2 Spider- web Nanowires 
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Pd Acetate Powder  
 
Thermal. process: 
450 oC 
1 hour 
Ar media 

Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 
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Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 



VOC Sensing 
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Erdem Şennik et al., Sensors and Actuators B 199 (2014) 424–432. 



Fabrication of Co-TiO2 nanowires  
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Solution:  
1 M NaOH 
 
Hydrot. process: 
220 oC 
4 hours 
 

Solution:  
0.001 M CoAcetate  
 
Cathodization. process: 
20 oC 
10 V 
15, 30 mins 
 



20 



21 



22 



Fabrication of Ni-TiO2 nanowires  
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Solution:  
1 M NaOH + Ni Formate (1 %) 
 
Hydrot. process: 
220 oC 
4 hours 
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Gases 
Nanostructures 

H2 EtOH MetOH IsOH CCl4 CHCl3 

TiO2 NWs 27 0.05 X X X X 

Co-TiO2 NWs  0.2 0.05 X X X X 

Ni-TiO2 NWs 1.8 0.24 X X X X 

Pd-TiO2 NWs 86.7 12.06 4.2 17.45 X X 

NWs: Nanowires 

X: No response 

Summarizing of the results 

for Metal loaded TiO2 NWs 
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CONCLUSIONS 

• TiO2 nanowires on Ti foil were fabricated by hydrothermal method. 

 

• Co, Ni and Pd were loaded on TiO2 nanowires by cathodization, 

hydrothermal and CVD methods, respectively. 

 

• TiO2 nanowires were more selective for H2 than the other 

structures. 

 

• Pd loaded TiO2 nanowires were more sensitive against measured 

gases than Ni and Co loaded TiO2 nanowires. 
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