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Breath analysis is an intriguing method that has the potential to significantly improve 
non-implantable physical health management via the use of flexible sensors to monitor 
breathing behaviours. In comparison to other analytical techniques for detecting 
breath elements, non-invasive breathing diagnostics based on chemical sensors can 
provide numerous benefits, including nanotechnology, power efficiency, simplicity of 
structure, and cost-effectiveness, contributing to the flexibility of experimental studies. 
This paper presents the graphene-based human breath sensor. Graphene was 
prepared in a paste form by mixing the graphene powder with two types of the binder. 
Two binders were prepared to compare their performance to human breath. The 
graphene paste was deposited using screen-printing on different substrates, Kapton 
film, and glass. The sensing film was thermally annealed at 200°C for 30 minutes and 
characterized using SEM and FTIR. All graphene gas sensor samples responded well to 
collected male human breath samples: Bumiputera (Sarawak), Malay, Chinese, and 
Indian. The best graphene gas sensor for males was OG-T(G) and OG-T(K) with 
sensitivity, S=1.10415 and S=1.01629. Based on the comparison results of male human 
breath, the fastest response time and recovery time were 0.52s and 13s, respectively. 
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1. Introduction 
 

Human breath has long been one of the three major biological media for monitoring human 
health and environmental exposure, alongside urine and blood. The detection of odor on the human 
breath, as described by Hippocrates around 400 BC, is regarded as the first analytical health 
evaluation tool [1-3]. Although less frequent than modern bio-fluid tests, breath sampling has 
become a popular diagnostic tool since it is non-invasive, allows unlimited timing and volume, and 
does not require clinical personnel. Breath research has made significant progress in assessing health 
states during the last two decades, overcoming many early hurdles connected to collection and 
analysis. Exhaled breath is the most approachable biological sample for diagnostic examination since 
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it is emitted spontaneously and in huge quantities. A human inhales and then exhales around 10,000 
L of air every day. Exhaled breath contains water vapors and hundreds of various trace compounds 
of exogenous and endogenous origin in parts per billion (ppb) to parts per million (ppm) levels, 
except for Nitrogen (N!) (78.04 %), Oxygen (O!) (16 %), Carbon Dioxide (CO!) (4–5 %), and other 
inert gases [4-6]. Exhaled breath monitoring is an essential topic for researchers that have recently 
attracted attention due to advancements in analytical techniques and nanotechnology. It is now a 
non-invasive technique for disease identification, medical monitoring, and metabolic state 
monitoring that examines the volatile organic compounds (VOCs) in exhaled breath.  

Gas chromatography-mass spectrometry (GC-MS) is the current standard for determining and 
monitoring volatile organic compounds (VOCs) [7,8]. It is the preferred approach for analyzing the 
qualitative properties of complicated gaseous mixtures. However, it has some constraints, such as 
the relatively long time required for a single test and the labor-intensive sample preparation. 
Standard solutions must also be used to execute a quantitative analysis, which not only increases 
the expense but also has a severe influence on the environment, particularly in the case of screening 
analysis [9]. A screening analysis is an analytical process that consists of extraction, isolation, and 
possible identification of a compound or group of compounds in a sample with the minimum number 
of steps and the minimal manipulation of the sample.  

Moreover, human breath analysis with GC-MS requires substantial training from the instrument 
manufacturer or practitioner with GC-MS competence. Proton transfer reaction mass spectrometry 
(PTR-MS) is a technology designed particularly for detecting gaseous organic chemicals in breath 
[10,11]. Contrary to GC-MS, PTR-MS provides relative VOC concentrations with excellent sensitivity 
without sample isolation and purification. However, such procedures take more extended 
preparation. The disadvantages of PTR-MS include its inability to discriminate between compounds 
with the same molecular weight [12]. It necessarily requires the use of a skilled operator, or more 
specifically, a highly educated person. For example, it is unsuitable for people with diabetes, and the 
PTR-MS is large and cumbersome, making it unsuitable for routine diabetic monitoring. Selected ion 
flow tube mass spectrometry (SIFT-MS) is another analytical technique for measuring numerous 
trace gases in air and breath in real-time. It depends on Hydronium ion (H₃O⁺), Nitrosonium ion 
(NO⁺), and Dioxygenyl ion (O₂⁺) precursor ions to chemically ionize trace gas molecules in air or 
breath samples delivered into the helium carrier gas [13,14]. SIFT-MS can identify absolute quantities 
of trace gases in single-breath exhalation down to ppb levels without sample collection or 
calibration. Unfortunately, the failure of SIFT-MS as a viable tool for monitoring diseases such as 
diabetes is due to its incapacity to detect chemicals in a gas mixture [15]. Similar to GC-MS and PTR-
MS, SIFT-MS needs the use of a qualified operator to prolong the equipment handling. Another 
significant and widespread disadvantage is the mobility of the equipment to be mobilized from one 
place to another. 

Graphene has outstanding advantages of a large surface area, excellent conductivity, high 
mechanical strength, and excellent thermal conductivity [16]. It is also a potential 2D material for 
numerous applications, particularly in creating sensing and implantable health monitoring devices. 
Graphene performance diversity allows for the realization of a wide range of applications such as 
gas sensing [17,18], antimicrobial nano activity [19,20], saturable absorber [21], lubricants [22], and 
drug delivery applications [23]. Many strategies such as spin-coating, ink-jet printing, screen printing, 
drop-casting, dip-coating, and sputtering have been widely used to coat graphene on different 
substrates to fabricate graphene film conductive layers [24]. Graphene-based biochemical sensors 
outperform conventional carbon electrode-based sensors in terms of sensitivity, limits of detection, 
and reaction time. Thus, numerous graphene-based biochemical sensors for health monitoring have 
been developed, including detecting electrolytes and metabolites in biomarkers and analyzing 
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volatile organic compounds (VOCs) in exhaled breath, such as acetone, ethanol, and ammonia, and 
other biochemical applications. Graphene has generally been recognized among the most preferred 
nanostructures for human monitoring and sensing applications. The capability being a carbon 
allotrope with exceptional sensory properties, is ideal for attaining the best performance in terms of 
sensitivity, linearity, responsiveness, and recovery durations [25]. 

In comparison of invasive method, such as GC-MS, PTR-MS and SIFT-MS which necessitate longer 
and complex data analytical procedures, this paper presents a low-cost, easily processable graphene 
gas sensor based exhaled breath for breath measurement analysis. The graphene was deposited on 
different substrates: Kapton film and glass, using the screen-printing method. The graphene gas 
sensor was exposed to the collected male human breath. The result showed that the proposed 
graphene gas sensor exhibited a good response to male human breath samples. 

 
2. Experimental Section  
2.1 Preparation of Binder and Graphene Paste 

 
There were two types of binder used, namely standard binder and oil binder. The standard binder 

was prepared by mixing the Ethyl Cellulose (2 wt.%) with α-Terpineol (98 wt.%) until homogeneous. 
As for the oil, the binder used Ethyl Cellulose (2 wt.%), α-Terpineol (90 wt.%), and Linseed oil (8 
wt.%). Both binders underwent magnetic stirring for 24 hours. The graphene paste is also prepared 
into two types: standard graphene paste and oil graphene paste. Both pastes were prepared by 
mixing the graphene powder (5 wt.%) and binder (95 wt.%) using magnetic stirring for 24 hours.  

 
2.2 Fabrication of Graphene Gas Sensor 

 
The fabrication of the graphene gas sensor was using the screen-printing deposition method. The 

size of the sensing layer was set to 1 cm x 1 cm. The sensing materials graphene was deposited onto 
different substrates, which are  Kapton tape and glass. The interdigitated electrode type was used 
as the electrode, and silver paste was used as the electrode material. There were two (2) positions 
of electrode applied to the gas sensor, known as ‘top’ and ‘bottom’. Top position refers to the 
electrode deposition at the first layer on the substrate, while the graphene was deposited onto the 
second layer. For the bottom electrode, the deposition of electrode was layered at the second layer, 
and the second layer of the substrate was deposited with graphene layer. Fine copper wires were 
attached to the leg of the electrode for the electrical flow of the sensor. Sample names for the gas 
sensor is listed in Table 1. All samples are differed according to the types of binder used in paste 
preparation, the electrode position and the types of substrate in deposition. SG-T(G) and SG-T(K) are 
standard binder with first layered graphene on the glass and kapton substrate respectively. Similar 
binder with second layered of graphene on the glass and kapton substrate signifies as SG-B(G) and 
SG-B(K) respectively.  
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Table 1 
Labelling for the graphene gas sensor 
Graphene paste Electrode position Type of substrate Sample name 
Standard Bottom Glass SG-T(G) 

Kapton SG-T(K) 
Top Glass SG-B(G) 

Kapton SG-B(K) 
Oil  Bottom Glass OG-T(G) 

Kapton OG-T(K) 
Top Glass OG-B(G) 

Kapton OG-B(K) 
 
Contrary to the standard binder, the oil binder is initially denoted as ‘O’. The OG-T(G) indicates 

oil binder graphene deposition at the first layer of the glass substrate, while OG-T(K) is oil binder 
graphene deposition at the first layer of the kapton substrate. Whereas, the second layered of 
graphene deposited onto the glass and kapton substrate are named as OG-B(G) and OG-B(K) 
respectively. All fabricated graphene gas sensors are shown in Figure 1 for clear image 
representation. 

 

 
(a) 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

Fig. 1. Fabricated graphene gas sensor (a) SG-T(K), (b) SG-
T(G), (c) SG-B(K), (d) SG-B(G), (e) OG-T(K), (f) OG-T(G), (g) OG-
B(K), and (h) OG-B(G) 

 
2.3 Measurement of Human Breath Sensor 

 
 The experimental setup for the human breath sensor is shown in Figure 2. The human needs to 

exhale their breath into the Tedlar bag. For analysis of the exhaled human breath pattern towards 
the graphene gas sensor, the collection of human breath is focused on male samples at the ranging 
age of 20 to 30 years old, which is obtained from four (4) main ethnicities of Malaysia. The ethnicities 
are Bumiputera (Sarawak), Malay, Chinese, and Indian. Firstly, the eight (8) samples are exposed to 
the human breath sample from Bumiputera (Sarawak). Two gas sensors that produced a better result 
in human breath samples were chosen, and the gas sensor was used for human breath samples from 
Malay, Chinese, and Indian.  
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Fig. 2. Experimental setup of human breath sensor 

 
Table 2 shows the four (4) males of human breath samples categorized into Malay, Chinese, 

Indian, and Bumiputera (Sarawak). Sample M-1 was used as a reference for male models to observe 
responses from the prepared samples.  

 
Table 2 
Man human breath samples 

Race Male Quantity 
Bumiputera (Sarawak) M-1 1 
Malay M-2 1 
Chinese M-3 1 
Indian M-4 1 

 
The voltage of 1V is supplied to the graphene gas sensor using a Source Measure Unit (SMU) 

(Keithley 6487). Initially, the gas sensor was kept stable for 300 s. The exhaled human breath was 
then, released into the gas chamber for 60 s and continually flowed to another 300 s. The continuous 
flow of exhaled human breath at the aforementioned time is significance, in purpose of achieving its 
initial value of 300 s for sensor recovery characteristics observation. The response of the human 
breath sensor was recorded using Labview software. 

 
2.4 Characterization using SEM and FTIR 

 
 The sensing layer of the graphene gas sensor was characterized using Scanning Electron 

Microscope (SEM) and Fourier Transform Infrared Spectroscopy (FTIR). Figure 3 illustrates the SEM 
morphology view of standard graphene paste and oil graphene paste after annealed treatment.  
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(a)  (b) 

Fig. 3. Morphology of sensing layer after annealed treatment: (a) standard graphene paste and 
(b) oil graphene paste    

 
Error! Reference source not found. shows the cross-section of the standard graphene paste and 

oil graphene paste after annealed treatment. It shows that the dimension of the flakes was 10-30 
μm. The average thickness shows were 13 - 23 μm. 

 

  
(a) (b) 

Fig. 4. Cross-section of sensing layer after annealed treatment: (a) standard graphene paste 
and (b) oil graphene paste 

 
Figure 5 shows the FTIR spectrum of oil graphene paste, oil binder, standard graphene paste, and 

standard binder. Various oxygen configurations in the structure, which the absorption band at 3745 
cm-1 was assigned to the O-H group stretching vibrations. As can be seen, O-H was less absorbed in 
oil graphene paste compared to the others. The absorption peak at 2922 cm-1 can be assigned to the 
C-H stretching of alkane functional groups. The absorption peak at about 1155 cm-1 was assigned to 
the C-F stretching of the fluoro compound, and the absorption peak at 916 cm-1 was assigned to the 
C=C bending of alkene vibrations [26]. 
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Fig. 5. FTIR spectrum of oil graphene paste, oil binder, 
standard graphene paste, and standard binder 

 
3. Results and Discussion 
3.1 Current-Voltage (IV) Characteristic of Graphene Gas Sensor 

 
Error! Reference source not found. shows the Current-voltage (I–V) characterizations of the 

graphene sensor conducted at room temperature to examine the ohmic nature during operational 
circumstances. It is observed that the curves are linear. The resistance of a chemo-resistive sensor 
varies in response to chemical reactions occurring at its surface, and this change in resistance is 
recorded by an external circuitry coupled to the sensor through its electrodes [27]. The straight lines 
in the I-V plot indicate that the connections between the silver electrode and graphene sensing 
material adhere to Ohm's law, which guarantees effective sensor performance [28,29]. The selected 
supply voltage for this experiment was 1V. 

 

 
Fig. 6. Graph for graphene gas sensor 

 
Error! Reference source not found. shows the resistance of the graphene gas sensor. The highest 

resistance reading was 7.649 kΩ for OG-B(G) sample, which this sample was fabricated using Oil 
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Graphene paste at the bottom and an electrode on top on a glass substrate. As shown, most of the 
electrodes that were deposited on the top of the sensing material exhibited high resistance, which 
was OG-B(K) 0.624 kΩ, SG-B(G) 1.605 kΩ, and SG-B(K) 5.250 kΩ. This relates to the heating frequency 
toward the sample during the fabrication process. Contrary to the bottom layered of electrode which 
was double heated during the process, the top layered of electrode was heated only once at 150°C 
for 30 minutes. The double heated of electrode increased its metallic elements and conductivity, 
thereby reducing the resistivity, if compared to the single heated of top layered of electrode. 
 

Table 3 
Resistance of the graphene gas 
sensor 
No. Sensor Samples Resistance  
1 OG-B(G) 7.649 kΩ 
2 OG-B(K) 0.624 kΩ 
3 OG-T(G) 1.409 kΩ 
4 OG-T(K) 0.548 kΩ 
5 SG-B(G) 1.605 kΩ 
6 SG-B(K) 5.250 kΩ 
7 SG-T(G) 1.324 kΩ 
8 SG-T(K) 0.570 kΩ 

 
3.2 Response to Male Human Breath Samples 

 
Error! Reference source not found. shows the M-1 human breath response to eight graphene 

gas sensors. The graph presents the I-V characteristic of the sensor and the response of the gas 
sensor to the human breath samples. Based on Figure 7(c), the sensor exhibits the highest sensitivity 
toward human breath with S=1.10415. During the first 300 seconds in the presence of air, the sensor 
shows an average resistance of 1.493 kΩ. Then, the human breath was exposed for 60 seconds, and 
the average resistance of 1.653 kΩ. The sensor shows a great response to the presence of human 
breath. The sensor was exposed to the presence of air for another 300 seconds to recover. It shows 
that the sensor does not recover well during the required time. 
 

 

 

 
(a) 
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(c) 

 

 

 
(d) 

 

 

 
(e) 
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(f) 

 

 

 
(g) 

 

 

 
(h) 

Fig. 7. M-1 human breath response to graphene sensor (a) OG-B(G), (b) OG-B(K), (c) OG-T(G), 
(d) OG-T(K), (e) SG-B(G), (f) SG-B(K), (g) SG-T(G), and (h) SG-T(K) 

 
Table 4 shows the sensor parameter performance for M-1. The sensitivity, S was calculated as 

follows; 
 
𝑆 = "#

"$
                             (1) 

𝐼𝑎 = 𝑡ℎ𝑒	𝑐𝑢𝑟𝑟𝑒𝑛𝑡	𝑜𝑓	𝑎𝑖𝑟 
𝐼𝑔 = 𝑡ℎ𝑒	𝑐𝑢𝑟𝑟𝑒𝑛𝑡	𝑜𝑓	ℎ𝑢𝑚𝑎𝑛	𝑏𝑟𝑒𝑎𝑡ℎ 

 
The highest sensitivity was produced by SG-T(G), and the lowest was OG-B(G). This result showed 

that graphene deposited on the top of the electrode generates better sensitivity than graphene 
deposited on the bottom of the electrode. The graphene deposited on the top enables the sensor to 
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absorb more human breath, while the graphene deposited at the bottom takes a long distance to 
reach the sensing area and causes less human breath adsorption, thus less sensitivity. 

 
Table 4 
Graphene sensor parameter performances for male 

Sample Name Sensitivity Response Time Recovery Time Recovery Characteristic 
OG-B(G) 0.99836 3.86 179 Not recover well 
OG-B(K) 1.01361 3.38 297 Not recover well 
OG-T(G) 1.10415 0.52 143 Not recover well 
OG-T(K) 1.01629 2.51 104 Not recover well 
SG-B(G) 1.04677 3.18 51 Not recover well 
SG-B(K) 1.02785 1.70 154 Not recover well 
SG-T(G) 1.06273 2.52 171 Not recover well 
SG-T(K) 1.0283 2.45 73 Not recover well 

 
Based on the response and performance exhibited by the gas sensors displayed in Table 4, the 

selected graphene gas sensor for comparison with others male human breaths were OG-T(G) and 
OG-T(K). The OG-T(G) showed the highest sensitivity towards human breath with a response time of 
0.52s and recovery time of 143s. This result is based on the graphene deposited on the top of the 
gas sensor. The sensing area on the top also makes the gas sensor adsorb higher human breath, thus 
producing a faster response time. As for OG-T(K) showed a response time of 2.51s and a recovery 
time of 104s. Moreover, both sensors displayed stable current compared to the other. 

 
3.3 Comparison with Other Male Human Breath Samples 

 
Based on the previous results, the selected graphene gas sensors for males were OG-T(G) and 

OG-T(K) because of their high sensitivity to human breath. The gas sensor was fabricated anew to 
avoid the effects of the first human breath. Error! Reference source not found. shows the sensor 
OG-T(G) and OG-T(K) response toward the male human breath M-2, M-3, and M-4. 

 

  
(a) 
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(c) 

  
(d) 

  
(e) 
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(f) 

Fig. 8. Response of OG-T(G) and OG-T(K) gas sensors toward other male human breath (a)-(b) 
M-2, (c)-(d) M-3 and (e)-(f) M-4 

 
Based on the graph pattern shown in Error! Reference source not found., all gas sensors 

responded to the three male human breaths. Primarily the gas sensor did not achieve the actual 
value after the human breath was exposed, but only one sensor managed to recover well, which was 
the male, M-2 OG-T(K). The resistance exhibited by each type of sensor was almost the same. The 
resistance may be affected by the types of substrate used in this study. Kapton is thermally 
conductive, which improves its function as an electrically insulating coating between a component 
and its heating element [30]. As for glass, its optical properties lead to potential applications in the 
transmission of optical signals, which is becoming increasingly important in high data transmission 
rate devices [31]. 

Table 5 shows the comparison of sensors OG-T(G) and OG-T(K) performances for male M-1, M-
2, M-3, and M-4 human breath. Based on the comparison outcome, OG-T(G) for human breath (M-
1) produced the highest sensitivity, S=1.10415, and the response time, 0.52s compared to other 
samples. The fastest recovery time was sensor OG-T(K) sample human breath M-3 with 13s to 
achieve a recovery state. Every sample has a different parameter performance. This might be due to 
the fabrication of the sensor, such as might different concentrations of graphene during the 
deposition, thus affecting the sensor's active area. Moreover, human breath collected also shows a 
different sensor response. The results of the gas sensor also can be affected by the individual 
lifestyle, diet, and mental-emotional state or process [32]. 

 
Table 5 
Comparison of sensor parameter performance for male human breath 

Sample Sensitivity Response Time (s) Recovery Time (s) Recovery Characteristic 
M-1     
OG-T(G) 1.10415 0.52 143 Not recover well 
OG-T(K) 1.01629 2.51 104 Not recover well 
M-2     
OG-T(G) 1.0132 1.75 127 Not recover well 
OG-T(K) 1.0087 2.03 28 Recover well 
M-3     
OG-T(G) 1.0095 2.12 140 Not recover well 
OG-T(K) 1.0099 3.32 13 Not recover well 
M-4     
OG-T(G) 1.0075 3.11 106 Not recover well 
OG-T(K) 1.0070 2.85 18 Not recover well 
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4. Conclusions 

 
In conclusion, the graphene gas sensor for a human breath sensor has been successfully 

fabricated using the screen-printing method. The graphene gas sensors were fabricated onto Kapton 
and glass substrate with different positions of electrodes. As shown in the results, all gas sensor 
samples exhibited a good response to collected male human breath samples of various races, which 
were Malay, Chinese, Indian, and Bumiputera from Sarawak. The best gas sensor for males were OG-
T(G) and OG-T(K) with sensitivity, S=1.10415, and S=1.01629. Lastly, based on the comparison 
results, the fastest response time and recovery time for males were 0.52s and 13s, respectively. 
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