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Abstract  
 

Detecting the presence, concentration and the ratio of gases, as well 

as the standardization of gas transfer especially methane is important 

for various reasons such as life threatening risks for people who are 

exposed to this gas and many ways to measure this gas are proposed 

and implemented. Among the variety of proposed contact and non-

contact sensors (remote), contact sensors for reasons such as delay or 

short lifelong which is mainly due to the establishment of chemical 

bonds are restricted in application. However, these problems are 

solved in non-contact sensors, yet the use of this type of sensor need 

complex electronic circuits. 

 This article uses carbon monoxide gas laser, provided a new model 

for measuring methane. Results indicated the success of the model 

with the accuracy of 5ppm and time less than 1.4 seconds. 
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Introduction 
Because on the one hand contact sensors due to chemical bonds such as covalent and dative require 

time to display changes or return to their initial state and on the other hand, sensors such as optical 

sensors that are remote sensors (non-contact) have solved the problem because there are no bonds, 

they are always the same and are very fast in performance, therefore working on this type of sensor 

that are frequently used in the industry seems very important. 

Materials: 

1. Laser: 

The laser is common source of light with particular characteristics and applications. Since its invention 

in the late 60's, it led high technology developments and removal of laser from many technologies 

today is no longer possible. [1] In general, lasers are divided into four main categories according to 

their type of active ingredient: laser doped with insulator, semiconductor lasers, gas lasers, color 

lasers. Gas Lasers are divided into three categories: atomic lasers, ion lasers and molecular lasers. [2] 

2. Carbon dioxide laser: 

Lasers that their active ingredient is gas are called gas lasers. Gas lasers are bulky and usually the 

more powerful they are their size will be larger. Since the atoms in gases have very narrow absorption 

lines, it is almost impossible to release energy in them with the help of light pump. Considering 

different kind of lasers and laser material, different methods of pumping are used. For example, in gas 

lasers such as carbon dioxide lasers, discharge method is used. This laser is of the most important 

lasers of its kind in terms of its technical application are classified among the most important lasers. 

This laser is built with high efficiency (30%) and continues high output power (several kV). The 

structure of a gas laser is shown in Figure 1. 

 
Figure 1. Structure of a gas laser 

3. Methane: 

  With the molecular formula of CH4 is a greenhouse gas and is used as fuel. The simplest alkane is 

methane. It is the main ingredient of natural gas that is formed from the breakdown of plant material in 

lagoon areas. Because of its ability to absorb large amounts of heat, the gas has greater greenhouse 

effect than carbon dioxide. In standard conditions of temperature and pressure, the gas is odorless, 

colorless, subtle and lighter than air and is the first combination of saturated hydrocarbons. The gas is 

produced from the decomposition and decaying of organic matter in nature, especially corruption of 

plants in the swamps, so it is called "swamp gas" as well. [3-5] 

Lecture Review:  

It can be said that for the first time Miss Murray et al at the Research Center of United States of 

America used carbon dioxide gas cylinder lasers to detect gas and the results obtained were 

remarkable. They found that by frequency changes, gas concentration up to 20ppm could be measured. 

[6] Extensive research was done in this regard after the conclusion of which the most are as follows. 

In 2010, AK Biswas et al., studied local development of 2 kW using CO2 laser in axes with frequency 

disturbances. Constant power output of the laser in the short term (over 1 hour) was measured, which 

was 1.5% at 1 kW. [7] 

In 2011, Lima. J. R. et al studied an optical acoustic laser spectrometer with CO2 emissions and 

optical acoustic with resonance. Optical acoustic resonant frequency was 2.4 kHz cells, spectrometer 

for molecules of ethylene and ammonia were estimated about 16 and 42 ppbv respectively. [8]  
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Previously measuring methane using tunable laser diodes have been conducted and the results have 

been satisfactory. In 2014, W. Zhang et al at the University of Sheng Yang, and J. Shemshad in 

Australia presented tunable diode laser absorption spectroscopy technique. In their articles, tough 

environmental and thermal conditions to handle sensors are mentioned several times. [9] 

In 2014, Zhang Wei Hua et al worked on methane gas detection using a tunable laser diode by fiber 

optic. Tunable laser absorption spectroscopy is a new method of measuring methane that has high 

stability and long lifetime. [9, 10] 

In 2015, William B. Grant et al in an article worked on remote detection of gases using gas lasers. 

They proposed a table that the frequency and the capacity of different gases to be used as a laser are 

listed. [4, 11-14] 
Table 1. Specific wavelength of gases 

 

Laser 

The best gases 

detected 

Frequency  

µm 

Differences in 

absorption 

coefficient 

Atm-1cm-1 

Laser 

Distance 

of sensors 

m 

Sensitivity  

PPb 

1 
Argon ion 

optics 
NO2 5.0 0.5 4.03 14 

2 
Parametric 

Oscillator 
H2O 1.1 - 5.550 2 

4 
Hydrogen 

fluoride 
HF 2.2-2.2  155 5.512 105 

3 
deuterium 

fluoride 
HCl 4.23 0.2 5.4 105 

0 carbon dioxide CO 3.23 20.5 2.0 15 

2 
Carbon 

monoxide 
NO 0.2 5.51 4.50 45 

5 carbon dioxide NO 0.42 1.2 5.00 35 
 

To measure the amount of ammonia in environment, CO2 gas laser sensor in acoustic condition using 

resonance spectroscopy that reveals gas environment effects on optical wave, can be used extensively. 

The system comes with 1% error with 32 parts per trillion, with a mean of 5 seconds and total 

measurement time is 40 seconds. [5, 12-16] 

Methodology: 

In this study, COMSOL software was used to measure methane and following steps were performed 

during the simulation.  

The first step: First, as Figure 2 a chamber was simulated that on one side of it there was a hole to 

transmit light and on opposite side there was an optical receiver. Two lenses are located on this 

structure to parallel the light rays. 
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Figure 2. Simulated structure 

The second step: once the chamber was tested in vacuum and results were registered as a comparison 

reference. 

The third step: the chamber were tested once by air, once with methane and once by combination of 

these two gases. 

In this test, sending light beams was in the carbon dioxide laser wavelength range, which is between 

9.6 and 10.4, micrometers [13], the optical receiver receives it, and measuring the received power was 

at 3 seconds interval. 

Conclusion: 

Figure 3 indicates the intersection differences in gas conditions with the reference one where the blue 

one is related to vacuum and green is related to the existing gas conditions. 

 

  
                                  A                                                                    B 
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                                    C                                                               D  

 

Figure 3. Results of simulating A) vacuum B) the presence of air C) the presence of methane D) equal 

mix of air and methane. 

The numerical values of these points are given in Table 2. 

 
Table 2. Achieved outputs 

Condition Air  equal mix of air and 

methane 

Methane  

Time (s) 1.39405 1.396.3 1.39604 

Value (micrometer) 67.54 67.46 67.41 
 

These differences show that the carbon oxide laser is capable of detecting methane gas and can 

measure methane concentrations in the environment very well with high accuracy of 5 ppm. In 

addition, in terms of detection time in all the cases, it was less than 1.4 seconds, which is a good rate 

compared to previous research. 
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