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Methane gas is commonly produced and used in various industries, including 
agriculture, coal mining, manure management, landfills, natural gas, and petroleum 
systems. This gas is colorless and odorless. High concentrations of methane gas can 
have detrimental effects on human health, such as causing headaches, visual issues, 
and memory loss. Moreover, prolonged exposure to higher concentrations may lead to 
respiratory and heart rate fluctuations, balance problems, and even unconsciousness. 
In order to address these concerns, a thick film gas sensor based on graphene 
nanoflakes is proposed in this work to detect different levels of methane gas at room 
operating temperature. The gas sensor was fabricated using screen-printing technology 
on a Kapton film. Graphene nanoflakes were mixed with a binder to create the sensing 
film. Scanning electron microscopy (SEM) was used to characterize the morphology and 
X-ray diffraction (XRD) for structural components of the sensing film. Two graphene gas 
sensors (PF-1 and PF-2) were fabricated using screen-printing to compare their 
performance to methane at room operating temperature with gas concentrations 
ranging from 300 to 1000 ppm. The results showed that both gas sensors responded 
robustly to changing concentrations of methane gas at room operating temperature 
within 20 s. PF-2 outperforms PF-1, with the result of sensitivity being approximately   
0.0000353, 0.0000288, and 0.0000262 for the first, second, and third exposures to 
methane gas. Both gas sensors also exhibited excellent repeatability characteristics 
with similar patterns each time exposed to the methane. 
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1. Introduction 
 

Methane is the most basic form of hydrocarbon, where it is made up of one carbon atom bonded 
to four hydrogen atoms. It is a highly combustible and explosive gas with no identifiable odor or color. 
It is not just a fuel, but it is also a harmful greenhouse gas that is about 24 times more powerful than 
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carbon dioxide at positive radiative forcing [1]. As a result, it is a significant contributor to global 
warming and it also has a very short lifespan in the atmosphere under normal conditions. On the 
other hand, because methane is such a powerful greenhouse gas, any considerable increase in its 
concentration in the atmosphere would almost certainly have disastrous implications. Environmental 
scientists are increasingly agreeing that methane is a more substantial contribution to global warming 
than carbon dioxide. As a result, the damage is rapid and irreparable. When the quantity of methane 
in the air with the concentration range is 5-14%, there is a risk of explosion [2]. On the other hand, 
methane has the potential to trigger an explosion. Methane is, however, extremely difficult to detect 
due to the non-polarity and high enthalpy of the C-H bond [1]. This is incontrovertible proof that we 
require the development of a technology for detecting methane that is accessible, quick, efficient, 
and dependable in order to provide early warning and ensure the protection of both life and 
property. 

Nowadays, sensors are the key means of obtaining varied information in modern measurement, 
automation control, safety monitoring, environmental monitoring, and medical and military areas. 
Hazardous gases such as methane need to detect and identify this type of gas. Various types of gas 
sensors have been proposed by researchers, such as fiber optic [3] and semiconductor sensors [4-7]. 
A chemical-based gas sensor is an analysis that selectively and permanently responds to a given 
analyte and translates input chemical amounts into an electrical signal, such as the concentration of 
a single sample component or a complete composition analysis [8]. Various types of sensing materials 
examined by researchers to sense methane include tin dioxide (SnO2) [1,4-7], indium oxide (In2O3) 
[8,9], titanium dioxide (TiO2) [10], tungsten oxide (WO3) [11], multi-walled carbon nanotube 
(MWCNT) [2], and cobalt chromite (CoCr2O4) [12], LaFeO3 [13], and graphene oxide (GO) [14].  

However, metal oxide needs to work at high operating temperatures up to 350°C [6,8] in order 
to sense the graphene, which can also cause high power consumption. Therefore, a metal-based gas 
sensor based on graphene is proposed in this study to ensure that methane can be detected at room 
operating temperature. Graphene has a high surface area, low resistivity, and high carrier mobility 
[13], and was chosen as the sensing material in this work. A similar graphene gas sensor in a prior 
study has been reported to have the ability to detect acetone and nitrogen oxide gas at room 
operating temperature [15]. A study in [15] presented graphene nanoflakes as a promising material 
in gas sensors since reactivity and sensitivity have been improved toward molecular adsorption and 
showed a response to nitrogen oxide. Other than that, graphene nanoflakes also have been applied 
in many studies such as lithium-ion batteries [16], the toxic effect [17], CO2-assisted oxidative 
dehydrogenation of propane [18], counter electrode in dye-sensitized solar cells [19], hydrazine-
sensing [20], saturable absorber [21], antibacterial study [22], and determination of citrinin in food 
[23]. With the excellent properties of graphene, a high response methane gas sensor is expected to 
be produced in this study. 

The goal of this endeavor is to adopt a simple and effective method to develop a graphene 
nanoflakes-based gas sensor using a screen-printing technique that can be used as a flexible gas 
sensor by using a Kapton film as a substrate. Two similar graphene gas sensors were fabricated and 
exposed to the methane to compare their characteristics. The results demonstrated that the 
graphene gas sensor is responsive, has great repeatability, and is sensitive to 300-1000 ppm of 
methane at room operating temperature. 
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2. Methodology  
2.1 Preparation of Graphene Nanoflakes Paste 

 
The sensing layer for the graphene gas sensor is prepared in two major steps: preparation of the 

binder and preparation of the graphene nanoflakes paste. Ethyl cellulose and α-terpineol were 
employed in this work as the organic binder. To create a homogeneous binder for sensing material, 
95 wt.% of α-terpineol and 5 wt.% of ethyl cellulose were mixed together using a magnetic stirrer. 
Figure 1 shows the process of preparation of the binder. This mixing took place for eight hours at 250 
revolutions per minute (rpm) and 40°C temperature. Furthermore, for the sensing layer of the gas 
sensor, 94 wt.% of binder was combined with 6 wt.% of graphene nanoflakes for at least 8 hours 
while being magnetically swirled until a homogenous and viscous paste was obtained as depicted in 
Figure 2. The preparation of graphene nanoflakes paste in this work was adapted from method 
presented in [24]. 
 

                            
Fig. 1. Process preparation of binder 

 

                           
Fig. 2. Process preparation of graphene nanoflakes paste 

 
2.2 Fabrication of Graphene Nanoflakes Gas Sensor Using Screen-Printing Technology 
 

A Kapton film was chosen as a substrate of the gas sensor and was cut into 2.0 cm X 2.0 cm 
squares. To ensure the Kapton films were spotless, isopropyl alcohol was wiped onto the surface of 
the Kapton film. The graphene nanoflakes gas sensor consists of two layers: an interdigitated 
electrode and a sensing layer. Firstly, an interdigitated electrode was printed onto a substrate using 
a screen-printing technique using a silver paste and followed by 15 minutes of annealing at 150℃ 
using an oven. Graphene nanoflake paste is layered atop an interdigitated electrode as sensing 
material of the gas sensor with a size of 1 cm x 1 cm and annealed at 200℃ for 30 minutes in the 
oven. After the deposition of sensing material and the interdigitated electrode on Kapton film have 
been completed, fine copper wires of about 2.5 cm in length are utilized in both of these processes 
to create an electrical connection. The fabrication technique of the gas sensor was adapted from 
[24]. Two similar graphene nanoflakes gas sensors were fabricated to compare both performances 
to the methane, as displayed in Figure 3 and labeled as PF-1 and PF-2. 



Journal of Advanced Research in Micro and Nano Engineering 

Volume 26, Issue 1 (2024) 44-53 

47 
 

  
(a) (b) 

Fig. 3. Fabricated graphene gas sensor using a 
screen-printing technique (a) PF-1 (b) PF-2 

 
2.3 Current Measurement of Graphene Nanoflakes Gas Sensor 
 

The experimental setup for the measurement of the gas sensor to the methane is depicted in 
Figure 4. The computer, the mass flow module (MFM), and the source metre (Keithley 6482) are all 
linked to the gas chamber through their respective cables. The MFM will control the flow of gas 
through the sensor. The LabVIEW software was utilized to monitor the changes that occurred in the 
output (current). The gas sensor is placed inside the gas chamber along with the current 
measurement process. Initially, nitrogen acts as carrier gas and will flow to the gas sensor in 5 
minutes for stabilization. After obtaining a stable current, the methane gas was exposed to the gas 
sensor in the gas chamber for 10 minutes to determine the response time. After being exposed to 
methane gas for 10 minutes, the nitrogen gas will be exposed for 15 minutes, at which point the 
recovery time will be determined.  
 

 
Fig. 4. Experimental setup of gas sensor to the methane 

 
3. Results  
3.1 Characterization of Sensing Layer using Scanning Electron Microscope (SEM) and X-ray diffraction 
(XRD) 
 

SEM and XRD characterizations of the surface of the gas sensor on the Kapton film after annealing 
at 200°C are presented in Figure 5. It can be seen that the morphology of the graphene was flakes, 
which confirmed that the sensing material on the surface of the gas sensor after annealing treatment 
was graphene flakes. The flake structure was also similar, as observed in [17,25]. The flakes were 
measured using JImage software, and it was found that the flake's diameters ranged from 10 to 30 
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µm. The cross-section of the sensing layer was conducted by cutting the sensing layer at the center. 
It can be observed that the sensing layer was uneven because the size of the flakes was not identical. 
The height of the flakes was approximately in the range of 10-20 µm. 

 

  
(a) (b) 

Fig. 5. Characterization of the gas sensor surface using SEM (a) Morphology (b) Cross-section 

 
Figure 6 shows XRD spectra of the sensing layer after annealing treatment. It can be seen that 

there is one single broad peak was detected in XRD spectra at 2𝜃=18.43°. As reported in [23-25], the 
single broad peak that occurred at 2𝜃=26° belonged to graphene.  However, the peak detected in 
Figure 6 occurred at 2𝜃=18.43°, where this peak has been shifted. This phenomenon might be caused 
by the mixing and annealing process. According to [26-28], the peak for graphene oxide occurred at 
11.1° thus, this study suggests that some of the elements in graphene nanoflakes also have been 
changed to graphene oxide after being annealed in ambient air. This behaviour might occur because 
a large amount of ionized oxygen was bound to the graphene during the annealing process, resulting 
in the graphene oxide feature. Besides that, the mixing of graphene nanoflakes and binder also might 
contribute to the changes in the graphene nanoflakes structures. 
 

 
Fig. 6. XRD spectra for sensing layer with annealing treatment 
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3.2 Current-Voltage (I-V) Characteristic of Graphene Nanoflakes Gas Sensor 
 

The graphene gas sensor's current-voltage (I-V) characteristic was carried out using a two-point 
probe method using a source meter (Keithley 6482). LabVIEW software was used to set the supply 
voltage and monitor the output current of the gas sensor. Figure 7 shows the I-V characteristic of the 
fabricated gas sensor at a voltage source from - 1V to 1V. The resistance of the fabricated gas sensor 
was calculated by applying Ohm’s law to check the linearity. The resistance value of the graphene gas 
sensor is 2.073 kΩ for PF-1 and 1.669 kΩ for PF-2. Both gas sensors produced linear characteristics, 
following Ohm’s law and permitting the exposing of the gas sensors to methane. These linear 
characteristics indicate that good ohmic contacts are formed between the sensing layer and 
electrodes [29]. 
 

 
Fig. 7. Current-voltage of graphene gas sensor at -1V to 1V 

 
3.3 Characteristics of Graphene Nanoflakes Gas Sensor to Methane 
 

Figure 8 shows the current measurement and sensitivity of graphene nanoflakes gas sensors to 
various concentrations of methane in the range of 300-1000 ppm. The characteristics of the gas 
sensor were evaluated in terms of response, sensitivity, and repeatability properties. The response 
of the graphene gas sensor was evaluated using the formula as follows: 
 

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 =  
𝐼𝑔

𝐼𝑛
             (1) 

 
where Ig is current during methane flow, and Ig value is taken at the maximum value of current during 
methane exposure, while 𝑙𝑛 is current during nitrogen flow and 𝑙𝑛 value is taken at a stable value 
during nitrogen exposure. A repeatability test was conducted by exposing both gas sensors to 300-
1000 ppm of methane three times to observe the methane sensing pattern. The sensitivity value was 
calculated by finding the slope of the response graph for 300-1000 ppm of methane.  

The result indicated that both gas sensors responded to the methane as n-typed gas sensors, with 
increased current when exposed to the reducing gas (methane) and decreased current when exposed 
to the carrier gas (nitrogen), as shown in Figure 9. This result also verified that the graphene 
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nanoflakes used in this study are n-typed semiconductors based on the sensor response. The gas 
sensor was exposed to 300-1000 ppm of methane three times to study the repeatability properties. 
It can be observed that PF-1 and PF-2 showed a similar pattern to the methane. It also revealed that 
the current was increased when the gas sensor was exposed for a second time and increased again 
when exposed to the methane a third time. The sensitivity values for the PF-1 gas sensor were 
approximately 2.91 x 10-5, 1.68 x 10-5, and 1.82 x 10-5, respectively. Whereas sensitivity values for the 
PF-1 gas sensor were approximately 3.53 x 10-5, 2.88 x 10-5, and 2.62 x 10-5, respectively. Both gas 
sensors (PF-1 and PF-2) produced the highest sensitivity for the first time exposed to methane. It can 
be seen that the sensitivity was reduced when exposed for the second time and third time. 
 

  
(a) (b) 

Fig. 8. Current measurement of graphene nanoflakes gas sensor to methane (a) PF-1 (b) PF-2 
 

  
(a) (b) 

Fig. 9. Response of graphene nanoflakes gas sensor to methane (a) PF-1 (b) PF-2 

 
Table 1 lists the response value, response time, and recovery time for PF-1 and PF-2 gas sensors 

to the 300-1000 ppm of methane. It can be seen that the response value varies in the range of 1.0106-
1.0357. The fastest response time was recorded at 220 s for 300 ppm, while the fastest recovery time 
was recorded at 193 s for 500 ppm. It also can be observed that the response values were increased 
when the methane concentrations also increased. All the gas sensors showed a quick change when 



Journal of Advanced Research in Micro and Nano Engineering 

Volume 26, Issue 1 (2024) 44-53 

51 
 

exposed to the methane, which is less than 20 s, as seen in Figure 8, where this phenomenon supports 
that the graphene gas sensor in this work is responsive to methane. Meanwhile, both gas sensors 
also reached 90% from the maximum value was less than 500 s, which suggests graphene nanoflakes 
responsive to the methane at room operating temperature. The measurement of methane response 
also did not use a vacuum gas to flow the methane gas to the gas sensor; this indicated that the 
fabricated methane gas sensor is a good sensor, where the current of the gas sensor can respond in 
a faster time and recover itself without the help of the vacuum. With this feature, the methane gas 
sensor can be applied in any application. 
 
Table 1 
Response time and recovery time of the gas sensors to the methane 
Sample Concentration 

(ppm) 
Response Response time (s) Recovery time (s) 

1 2 3 1 2 3 1 2 3 

PF1 300 1.0149 1.0129 1.0135 444 220 322 604 604 258 
500 1.0239 1.0164 1.0165 269 289 248 446 446 301 
700 1.0295 1.0201 1.0215 322 310 410 469 469 238 
1000 1.0357 1.0246 1.0258 376 421 417 408 408 430 

PF2 300 1.0106 1.0096 1.0124 453 429 460 166 466 447 
500 1.0196 1.0164 1.0187 431 443 455 253 440 193 
700 1.0264 1.0225 1.0246 467 468 466 438 319 437 
1000 1.0355 1.0298 1.0307 475 479 462 529 466 487 

 
4. Conclusions 
 

The graphene nanoflakes gas sensor was successfully fabricated using screen-printing. The gas 
sensor exhibited a good response to methane. Furthermore, the fabricated graphene gas sensor also 
showed excellent response time, recovery time, sensitivity and repeatability properties to the 
methane. In conclusion, in terms of sensitivity, PF-2 outperforms PF-1. For the first, second, and third 
exposures to methane gas, PF-2 has 3.53E-05, 2.088E-05, and 2.62E-05, respectively. The 
responsiveness, response time, and recovery time parameters of PF-1 and PF-2 are nearly identical. 
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