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ABSTRACT: The work aims at fabricating multi walled carbon nanotubes (MWCNTs) based sensor for sensing 
Oxygen gas. The high quality MWCNTs were chemically synthesized by using Catalyst Chemical Vapour Deposition 
(CCVD) method with simultaneous treatment of Fe/Mo/Al2O3 catalyst in the presence of Hydrogen and Acetylene at 
850°C.MWCNTs was coated on the glass substrate using a polymeric mixture and electrical contacts were made using 
a silver paste in order to measure the resistance. The surface morphology of sensor studied using Scanning Electron 
Microscope (SEM) and depicts the diameter of MWCNTs to be ~ 50 to 200 nm. For the various concentrations of 
Oxygen gas the resistance of the MWCNTs was found to decrease with time. This phenomenon was understood on the 
basis of Oxygen–Carbon interactions. The sensitivity of the device improves significantly with increase in gas 
concentration inside the chamber. Maximum sensitivity of about 2.0903% was achieved for the presently synthesized 
MWCNTs, with response and recovery times of about 10 s and also shows the repeatability and reproducibility. 
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I. INTRODUCTION 
 

Recently a lot of research has been done on Gas sensors for various industrial demands like sensitivity, selectivity, 
faster response and recovery time etc. which could be employed in the manufacturing and processing units for 
monitoring as a safety regulatorNanotechnology has helped us to design sensors which are cost efficient, flexible and 
low on power consumption. Gas sensors have found its applications in mostly all fields be it electronics or 
biotechnology, in space shuttles or toxicity control in nature, pharmacy or food industry. [1] The two main parameters 
are high sensitivity and selectivity which is required for tracking the real-time detections of toxic or volatile gases in 
industries. The sensitivity of the device has increased due to increase in adsorption of gas molecules which has been 
contributed by the hollow nanostructured materials, in turn affects the surface to volume ratio. 
In 1991, Iijima discovered Carbon nanotubes. [2] The gas sensing property of MWCNTs, are theoretically understood 
due to gas adsorption and the effects of collision on the surface of nanotubes. [3], [4] Here we would like to understand 
how Multi walled Carbon nanotubes (MWCNTs) interact with oxygen gas molecules based on its geometry and 
morphology. [5] When compared to graphite, MWCNTs have asymmetric distribution of electrons on the surface 
because of their morphology. [6] This results in increase of their electrochemical behavior due to rich π-electron 
conjugation. [7], [8]The device is fabricated in order to detect the presence of gases in a specific area. [9] It can be 
employed as safety instrument, to avoid leakage and monitor toxicity. The gas taken for study was oxygen gas, though 
the study is not toxicity related.  
Gas sensor measures and indicates the concentration of certain gas. It interacts with certain gases and each gas has its 
unique breakdown voltage [10], i.e the electric field at which it is ionized. Sensor identifies gases by measuring these 
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voltages. The concentration of gas can be determined by measuring the resistance from device due to current flow. The 
electrical properties i.e resistance can be alternated by adjusting the size of nanostructured materials and the cross 
sectional area which is exposed for gas interaction.[10] The electrical resistance of the sensor is attributed to the 
potential barrier in the presence of deoxidising gas, the surface density of negatively charged oxygen decreases so that 
the barrier is reduce. This in turn decreases the sensor resistance, thus the concentration of deoxidising gas can be 
expressed by following the equation, and sensitivity can be calculated. 
The work highlights that such a sensor could prevent the oxide formation, if installed in a synthesis unit. The sensitivity 
and resistance contributed by this device are studied by using gas sensor. The nano structured material that is 
MWCNTs are employed, due to their high surface to volume ratio. Here we shall discuss the synthesis of high quality 
Multi walled carbon nanotubes (MWCNTs) for their oxygen gas sensing properties. The MWCNTs were successfully 
synthesized by using Catalyst Chemical Vapour Deposition (CCVD) method and were characterized by Scanning 
Electron Microscope (SEM) for their micro structural behaviour. 

II. MATERIALS AND METHODS 
 

The MWCNTs were synthesized by Catalyst Chemical Vapour deposition (CCVD) method by using Hydrogen and 
Acetylene gases simultaneous at 850⁰C for about 3-4 hours. The catalyst employed was Fe/Mo/Al2O3 in desired ratios. 
The MWCNTs achieved by this process were purified suing few acids, in order to remove the un-reacted catalyst. The 
MWCNTs were air dried in hot air oven at an optimum temperature of about 30°C. [11] 

 
Fig.1 Schematic representation of the growth of MWCNT’s using CCVD technique, by employing Fe/Mo/Al2O3 catalyst. The process involved 

simultaneous supply of Argon, Hydrogen and Acetylene gases at 850°C. respectively. 
 
The device was fabricated by taking a pinch of pure MWCNTs, and dispersing them in a polymeric mixture. The 
polymeric mixture was added in order to provide the necessary adhesion between the glass substrate and the 
nanostructured materials. The supernatant was prepared by taking 2g of polystyrene (thermocol) in 20ml of Toulene. 
The MWCNTs were ultrasonicated in this mixture for 3 min. The solution was coated on the glass substrate by doctor 
blading technique. 

 
Fig.2 Photograph of the sample, consisting of MWCNTs which were synthesized using CCVD technique. It was coated on glass substrate using a 

polymeric mixture before carrying out the experiment. 
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III.  EXPERIMENTAL SETUP 
 

The device fabricated is kept in the gas sensor chamber unit, the furnace is switched ON, and its heated up to 200°C. 
Initially the Argon gas (10ppm) is sent into the chamber for about 30 min. The reactant gas is sent into the chamber, for 
different concentrations. In this work, Oxygen gas is the reactant gas, and the different concentrations of study are 
10ppm, 20ppm, 30ppm for 10 seconds respectively. The oxygen gas supply is cut off, and Argon gas is sent in order to 
stabilize the gas chamber. The resistance was measured using Impedance Analyser.  

 
 

Fig.3 The schematic representation of MCNTs coated on a glass substrate using a polymeric mixture is exposed to different concentrations of oxygen 
gas in a closed chamber. The device operates at an optimum temperature of 200°C.

 
Different parameters were studied in order to understand the working of this device. Data was analysed and graphs 
were plotted between Resistance and Time, Sensitivity and Concentration of oxygen gas. 
The sensitivity is calculated 

ܵ	 =
ܴ݃ − ݋ܴ
݋ܴ 	× 100 

S = Sensitivity (%) 
Rg = Resistance of gas sensor after exposed to Oxygen gas. (ohm).
Ro = Resistance of gas sensor without exposure of Oxygen gas. (ohm) 
Rg1, Rg2, Rg3 at different concentrations of Oxygen gas- 10ppm, 20ppm , 30ppm respectively.  
The device runs at constant voltage of 5V, for constant time = 10 second.  

 

 
 

Fig.4 The MWCNTs coated glass substrate was placed inside the Gas sensing unit. The fabricated device is exposed to different concentrations of 
Oxygen gas. The change in the resistance was observed and the sensitivity of the device was calculated. 
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IV.  EXPERIMENTAL RESULTS 
 

MWCNTs based gas sensor display high uniformity and sensitivity to oxygen gas. These sensors have faster response 
and recovery time, but after increasing the gas concentrations with lesser difference they tend to saturate or show 
minimal difference. But the resistance increases with respect to time factor. When electrons withdrawing molecules of 
Oxygen interact with P-type MWCNTs, they tend to change the density of the main charge carriers, i.e holes in the bulk 
of the nanotube which changes the conductance of the MWCNTs. [12]  
 
4.1 SURFACE CHARACTERIZATION  
 
MWCNTs were characterized by Scanning Electron Microscope (SEM) for their micro structural behaviour. MWNTs 
have been reported to have diameters of roughly 10 to 200 nm and are few microns long. They have been stated to have 
high aspect ratios and high electrical conductivity.[12] 
 

 
 
Fig.5 The MWCNTs synthesized using CCVD technique were characterized using Scanning Electron Microscope.  The SEM image of MWCNTs of 
magnification range 25.00 KX is analysed. The MWCNTs were observed to be non uniform in nature. The diameter of nanotubes were found to be 

~50 -200 nm 
 

When an oxygen molecule interacts with MWCNTs it will get adsorbed onto the surface of MWCNTs. The O2 
molecules have high diffusion kinetics on nanotube surface. Electron density analysis shows that charge transfer is 
induced from Carbon atom to the O2 gas molecule leading to hole doping of semiconducting nanotube. The increase in 
hole carriers in the MWCNTs are responsible for the increase in conductance. [13] 
 
4.2 ELECTRICAL CHARCTERIZATION:  
 
Research has been done to understand the electronic properties of MWCNTs which are very sensitive to their chemical 
response with oxygen gas. [14] The electronic properties of MWCNTs when exposed to oxygen gas theoretically using 
the ab initio pseudo potential total energy method.  
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Fig.6 Dynamic gas response of MWCNTs thin film at 60OC was studied. The sensitivity of the device was calculated based on the resistance which 
was achieved when exposed to various concentrations of gas. The sensitivity was increased from 1.5852% to, 2.0793, and 2.0903 respectively. 

 
These results proved that MWCNTs act as sensitive gas sensors   [15]  The oxygen carbon interactions are due to the 
charge transfer between the oxygen gas molecules which act as electron donors and the MWCNTs act as electron 
acceptors.[16] 

             
 

Fig.7 Sensitivity response of MWCNT reaches 1.5852% at 10 ppm of oxygen gas exposure. As we increase the oxygen gas concentration to 20ppm 
the sensitivity of the device shoots up drastically to 2.0793%. The sensitivity of the device saturates when 30 ppm of oxygen gas is passed into the 

chamber. The maximum sensitivity achieved was at 2.0903%. 
 

The adsorption of oxygen gas molecules on MWCNTs are understood by density functional theory (DFT) .The gas 
adsorption is decided by the site availability and binding energy of the oxygen gas molecule.   

 
 

Fig.8 The resistance of the device initially was measured and found to be 11.17202Ω.  When the device was exposed to various concentrations of 
oxygen gas the resistance of the device decreased whereas the sensitivity improved gradually.  The electrical response of MWCNTs based gas sensor 

was studied. The device was tested for its stability and repeatability and the device was optimized to function at 200°C. 
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Basically the gas adsorption depends on the external surface and the interior pore present on the MWCNTs. [17]  The 
recovery time was about 2 hours but can be intensively reduced by heating the substrate at 200oC. The device was 
checked for its repeatability and stability. 

V. CONCLUSION 
  

Our results show MWCNTs has the potential to be an excellent gas at room temperature provided it should be exposed 
to gas concentration of higher difference. The resistance of the MWCNTs was found to decrease with time for all the 
concentrations under study. This has been understood on the basis of Oxygen – Carbon interactions. Gas sensitivity 
was estimated and the sensitivity gets improved with increase in concentration of the gas inside the chamber. [13] 
Maximum sensitivity obtained for the presently studied MWCNTs is found to be approximately 2.0903%.  The 
sensitivity of the MWCNTs gas sensor has been discussed not selectivity factor of the gas sensor. The future work will 
concentrate on further enhancing the performance of MWCNTs with respect to the different gases exposed. The 
selectivity property of the pristine MWCNTs sensor is limited to the molecules that have large binding energies and 
charge transfers with the nanotubes hence doped MWCNTs are used for sensing a range of molecules. 
 
We have employed pristine MWCNTs of ~ 50 to 200nm diameter and few microns long  for our oxygen gas sensor, but 
the sensitivity of  this device could be improved  by using  functionalized  MWCNTs. The response and recovery times 
of about 10 s and also shows the repeatability and reproducibility. Doping of MWCNTs with metal nanoparticles can 
also drastically improve the sensitivity response of this device. Instead of coating MWCNTs on a glass substrate we 
could make it more flexible and more efficient by employing conducting polymers. [13]  
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