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ABSTRACT 

Detecting VOC gases such as ethanol and acetone is a critical concern for public 

health and environmental safety, as prolonged exposure to ethanol vapour at the 

explosive limit volume of roughly 3.3% - 19% can cause nausea, skin rashes, and 

Parkinson’s disease. In contrast, exposure to acetone vapor can lead to symptoms like 

bronchitis, weariness, and organ damage. Therefore, a device such as a gas sensor is 

needed to detect the VOC gases. This project aims to develop a polymer-based gas 

sensor for volatile organic compounds and to analyse the characteristics of the sensor 

in terms of response, response time, and recovery time. This project used graphene as 

the sensing material, chitosan as the polymer, and Kapton as the substrate. Initially, 

the interdigitated electrode was deposited onto the substrates using screen-printing and 

annealed at 150 ⁰Ⅽ for 10 minutes. Afterward, the graphene paste was deposited on the 

electrode using the doctor blade and annealed at 150 ⁰Ⅽ for 30 minutes. SEM and 

Raman characterizations are carried out to verify the sensing material of the gas sensor. 

The results revealed that gas sensors prepared by paste B (T2-1, T2-2) exhibited better 

response to acetone and ethanol than paste A (T1-1, T1-2), with response values of 

1.0703 and 1.1389, respectively. The faster response time towards acetone is T2-1-
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S3(2) (3 minutes), while in ethanol, it is T2-2-S1(1) (17 minutes). In conclusion, the 

polymer-based gas sensor produced better response toward acetone compared to 

ethanol. 
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 ABSTRAK  

Pengesanan gas VOC seperti etanol dan asetona adalah suatu aspek yang penting 

untuk kesihatan awam dan keselamatan alam sekitar, kerana pendedahan yang 

berpanjangan kepada gas etanol pada kadar bahaya sekitar 3.3% - 19% boleh 

menyebabkan mual, ruam kulit, dan penyakit Parkinson. Sebaliknya, pendedahan 

kepada gas asetona boleh menyebabkan gejala seperti bronkitis, keletihan, dan 

kerosakan organ. Oleh itu, alat pengesan gas diperlukan untuk mengesan gas VOC 

ini. Projek ini bertujuan untuk mencipta sensor gas berasaskan polimer untuk sebatian 

organik volatil dan menganalisis ciri-ciri sensor dari segi tindak balas, masa tindak 

balas, dan masa pemulihan. Projek ini menggunakan grafin sebagai bahan 

pendeteksian, kitosan sebagai polimer, dan Kapton sebagai substrat. Pada awalnya, 

elektrod berinterdigitasi dilapik ke atas substrat menggunakan cetakan skrin dan 

dibakar pada suhu 150 ⁰Ⅽ selama 10 minit. Selepas itu, sebatian grafin dilapik pada 

elektrod menggunakan doctor blade dan dibakar pada suhu 150 ⁰Ⅽ selama 30 minit. 

Karakterisasi SEM dan Raman dijalankan untuk mengesahkan sifat sebatian grafen 

yang dihasilkan. Hasil kajian menunjukkan bahawa alat pengesan gas yang 

disediakan oleh sebatian B (T2-1, T2-2) menunjukkan tindak balas yang lebih baik 

terhadap asetona dan etanol berbanding sebatian A (T1-1, T1-2), dengan nilai tindak 

balas masing-masing 1.0703 dan 1.1389. Masa tindak balas yang lebih cepat terhadap 
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asetona adalah T2-1-S3(2) (3 minit), manakala terhadap etanol, ia adalah T2-2-S1(1) 

(17 minit). Kesimpulannya, alat pengesan gas berasaskan polimer memberikan tindak 

balas yang lebih baik terhadap asetona berbanding etanol.
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CHAPTER 1  

INTRODUCTION 

1.1 General Overview 

The current lifestyle relies heavily on many items containing volatile organic 

compounds (VOCs), which are unavoidable due to their pleasing performances and 

applications [1]. Volatile organic compounds (VOCs) are colourless gases that certain 

liquids or solids release. VOC gas encompasses a vast range of natural and artificial 

chemical compounds. Acetone, acetic acid, acetylene, benzene, ethanol, formic acid, 

methanol, isopropanol, and toluene are examples of common VOC gases. VOC 

emissions are emitted by building materials (such as carpet, paint, and composite wood 

products), personal care things (such as cosmetics, nail removers, and hand sanitisers), 

and everyday household items (such as cooking gas, fuel oil, and dry cleaning). 
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Volatile organic compounds (VOC) are flammable gases, so it is easy to cause 

combustion when exposed to high temperatures. 

Furthermore, VOC gas will have an impact on human health. According to the 

Minnesota Department of Health, exposure to high amounts of VOC gas in the short 

term (hours to days) can cause headaches, dizziness, worsening asthma symptoms, 

vomiting, and eye, nose, and throat irritation [2]. While VOC gas has a high percentage 

of chronic exposure (years to a lifetime), humans may experience symptoms such as 

cancer, central nervous system damage, and liver and kidney damage [2].  

Ethanol and acetone are two examples of volatile organic compounds (VOCs) that 

are ubiquitous daily because of their application in many industries. Ethanol produces 

most chemicals, foods, and pharmaceuticals [3]. Acetone is also used in the 

manufacture of most cosmetics and pharmaceuticals. It also shares characteristics with 

VOC gases, which are colourless, explosive, and can harm human and animal health. 

According to the research, ethanol has various adverse effects, including 

carcinogenicity, toxicity, skin irritation, and liver damage. In addition, several drunk-

driving accidents have also been reported. As a result, ethanol is regarded as a 

poisonous and harmful gas, and ethanol monitoring is critical for living and working 

settings [4]. According to previous research, the acetone concentration in healthy 

people's exhaled breath ranges from 200 to 900 ppm [5]. Furthermore, acetone is a 

contaminant that enters the environment through landfill leachates, emissions from 

chemicals and other industries, automobile exhaust, and emissions. Acetone has also 

been found as a biomarker for diabetes. Currently, non-invasive methods for illness 

monitoring, such as gas sensors, are frequently employed [6].  
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A gas sensor is required to detect and identify this type of gas. Even though 

numerous commercially available gas sensor devices exist, there still needs to be more 

reliability, sensitivity, and accurate environmental monitoring. Abu-Hani et al. [7] 

noted that most currently available sensors suffer from drawbacks such as high cost, 

power consumption, poor stability, inflexibility, and malfunction in harsh 

environments. In recent years, polymers have gained significant attention for the 

fabrication and development of gas sensors due to their potential applications. Previous 

research has demonstrated several advantages of polymers, including ease of synthesis, 

operation at room temperature, fast response time, and high sensitivity to various 

gases, making them a promising material for gas-sensing applications [8]. Therefore, 

this study focuses on fabricating a gas sensor based on polymer to detect ethanol and 

acetone gases.  

A gas sensor is an analyser that responds to a particular analyte selectively and 

irreversibly and translates input chemical quantities, such as the concentration of a 

single sample component or an entire composition analysis, into an electrical signal. 

Cu1-xZnxO [9], indium (III) sulfide [10], graphene [11], reduced graphene oxide [12], 

nickel oxide [13], zinc oxide [14], cerium (IV) oxide [15], agarose [16] and tin oxide 

[15] are some sensing materials for gas sensors that have been developed to detect 

acetone and ethanol gas. Graphene is widely used because of its large surface area of 

2630 m2/g and high conductivity of 2.11 S/m[11]. These benefits make graphene a 

viable material for gas detection in this study. 
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1.2 Problem Statement 

The detection, monitoring, and analysis of VOCs is a topic of rising interest in the 

field of gas sensor development. Even though several gas sensor devices are 

commercially accessible, there are gaps in the enhanced reliability and sensitivity of 

sensors for precise environmental monitoring. Most of the available sensors are 

expensive and suffer from high power consumption, poor stability, inflexibility, and 

malfunction in harsh environments [7]. Therefore, polymer–based gas sensors have 

been proven to enhance the performance of gas sensors due to their easy fabrication, 

low cost, high reproducibility, and flexibility compared to conventional sensors. 

Chitosan composite can be easily flexed and deformed into various shapes, which are 

attributed to chitosan molecules that function as dispersion, reduction agents, and 

support material [17]. In addition, this composite can be attached to paper owing to its 

adhesive property hence it can be utilized in versatile applications in a disposable 

manner. 

Besides, the rapid expansion of industrialization has resulted in remarkable 

technological achievements as well as severe negative environmental consequences. 

Volatile organic compounds (VOCs), which include toxic gases and contaminants 

produced by industrial processes, are hazardous to the human cardiovascular and 

respiratory systems. The detection and monitoring of VOC gases such as ethanol and 

acetone is a critical concern for public health and environmental safety, as prolonged 

exposure to ethanol vapor at an exposure limit volume of roughly 3.3% - 19% can 

cause nausea, skin rashes, Parkinson’s disease, and hypotension while exposure to 

acetone vapor can be harmful to human health and lead to symptoms like bronchitis, 

weariness, disorientation, and organ damage [18]. Therefore, to improve the sensitivity 
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and efficiency of the gas sensor, chitosan polymer was chosen which also can produce 

a low-cost polymer gas sensor to detect the presence of VOC gases.   

1.3 Objectives of Study 

There are two main objectives of this project work enlisted as follows:  

i. To develop polymer-based gas sensors for the detection of volatile organic 

compound gases at room operating temperature.  

ii. To analyse the characteristics of polymer-based gas sensors in terms of 

response, response time, and recovery time.  

1.4 Scope of Project 

This project only focuses on the following scope and limitations: 

i. This project uses graphene as the sensing material, chitosan as the polymer, 

and Kapton as the substrate.  

ii. An interdigitated electrode will deposit onto the Kapton substrate as a first 

layer using a screen-printing technique.  

iii. A silver conductive paste will be used for the interdigitated electrode.  

iv. Besides, the sensing film (Gr) will deposit onto the interdigitated electrode 

using the doctor blade technique as the second layer.  

v. The sensing area of this gas sensor will be limited to 1 cm x 1 cm. 

vi. This gas sensor only focuses on detecting acetone and ethanol gases.  

1.5 Thesis Outline 

The fabrication of a polymer-based gas sensor for volatile organic compound 

gas sensing is done in this project whereby the progress and the result are documented 

in this thesis. The thesis is structured as follows:  
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Chapter 1: Introduction  

This chapter presents the brief idea of gas sensor implementation and its 

importance in securing the future of humankind. The problem statement is based on 

the limitation of the material used to develop the gas sensor. In addition, the objectives 

and problem statement of this project are discussed as well as to give a brief and 

essential idea of this project. 

Chapter 2: Background Study  

This chapter incorporates earlier work done by various researchers on polymer-

based gas sensor fabrications to gather knowledge and references on polymer gas 

sensors. This chapter will also examine several sensing materials used in polymer gas 

sensors, such as reduced graphene oxide, CNTs, and graphene. In addition, fabrication 

techniques for this sensor will be discussed in this chapter, such as screen printing, 

doctor blade, and spin coating. This chapter also will discuss the properties of the 

polymer gas sensor, such as response, response time, and recovery time.  

Chapter 3: Methodology  

 This chapter describes the procedure for producing a polymer-based gas sensor 

for VOC gases, including material selection and sensor fabrication. The procedure 

began with the creation of a polymer solution by dissolving low molecular weight 

chitosan powder in a 2% w/v acetic acid solution. Following that, the paste was 

prepared by mixing the polymer solution with the graphene and stirring for 24 hours. 

The fabrication procedure is then continued by depositing the silver paste as an 

interdigitated electrode onto the Kapton substrate using screen-printing technology as 

the first layer of the gas sensor. The sensing material is subsequently printed on the 
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electrode surface using the doctor blade technique, becoming the sensor’s second 

layer. The gas sensor was put in a gas chamber, and the source meter (Keithley 6487) 

was used to supply voltage to the sensor. The I-V measurement is required to check 

the conductivity of the constructed gas sensor before it is exposed to the target gas. 

The output of the gas sensor was recorded in its current form using the LabVIEW 2010 

program. 

Chapter 4: Results and Discussion  

This chapter presents the results obtained that have been achieved in this 

project. The I-V characteristic of the gas sensor showed the responsiveness of the 

sensor toward ethanol and acetone vapor. All the measured characteristics include 

response, response time, and recovery time. This chapter also discussed the material's 

physio-chemical characteristics. Scanning Electron Microscope (SEM) and Raman 

spectroscopy are used to explore the surface morphologies and elemental compositions 

of graphene at a detailed scale. 

Chapter 5: Conclusion  

The best results of the polymer-based gas sensor employing graphene 

composite that meets the characteristic requirement are presented in this chapter. An 

additional study is being conducted to provide guidelines and recommendations for 

future improvements in the fabrication of the polymer-based gas sensor for VOC 

gases.



 

 

 

 

CHAPTER 2  

BACKGROUND STUDY 

2.1 General Overview  

This chapter demonstrates the journal and research papers on the design workflow 

of polymer-based gas sensors for detecting VOC gases. A variety of studies and 

research have been done on polymer-based gas sensor devices, but until today, the best 

material and method for the sensor do not exist. Each of the journals has its distinct 

research value. Different materials, methods, and workflows fabricate the gas sensor. 

The literature review is divided into four Sub-chapter which are previous research that 

explains the previous research of polymer-based gas sensors, deposition technique of 

polymer gas sensors (that include screen printing, doctor blade, and spin coating 

techniques), sensing material (such as reduced Graphene Oxide (rGO), carbon 

nanotube (CNT), and Graphene) and characteristic of the gas sensor (response, 
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response time and recovery time). All the sub-chapters are supported by several 

journals and articles reviewed for a better understanding of polymer-based gas sensors 

for VOCs gases sensing. 

2.2 Polymer-Based Gas Sensor 

Table 2.1 lists the properties of the polymer-based gas sensor that was investigated. 

According to a recent article by Foronda et al. [8], polymer-based sensors have been 

extensively studied in the field of gas sensing. These polymers, particularly intrinsic 

polymers, have shown promising surface responses in detecting volatile organic 

compounds (VOCs) such as ammonia, acetone, formaldehyde, methanol, and ethanol. 

While numerous commercially available gas sensor devices exist, there are still gaps 

in reliability, sensitivity, and accurate environmental monitoring. Previous research 

has demonstrated several advantages of polymers, including ease of synthesis, 

operation at room temperature, fast response time, and high sensitivity to various 

gases, making them a highly promising material for gas sensing applications. 

To improve the sensitivity and efficiency of gas sensors, diverse materials have 

been explored in electrical sensors, including nanomaterials, polymers, and carbon 

materials, as highlighted in research conducted by Park et al. [17]. Carbon materials 

like graphite, graphene, carbon nanotubes, graphene oxide, and reduced graphene 

oxide have been frequently employed due to their high conductivity and ability to 

absorb gas molecules physically. Among various carbon materials, graphene oxide 

(GO) stands out as a representative carbon material for detecting VOC gases due to its 

superior sensing affinity compared to others. Meanwhile, chitosan (CS), a natural 

polysaccharide, readily forms a gel with GO nanosheets. The synthesized GO/CS 
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composite exhibits flexibility and can be easily molded into different shapes. Chitosan 

molecules act as dispersion and reduction agents and provide support, allowing the 

composite to adhere to paper surfaces, making it suitable for versatile applications with 

a disposable nature. 

As for the deposition technique, the drop-casting technique is widely used in the 

fabrication of polymer-gas sensors. It is an effective and simple process used to deposit 

sensing materials onto the substrates for application in gas sensors. The drop-casting 

method was an alternative to working with polymer semiconductors, which were 

costly and did not dissolve easily. 

Table 2.1: Characteristics of polymer-based gas sensor 

Sensing 

material 

Polymer Substrate Gas Method Response 

time (s) 

Citation 

Zinc Oxide 

(ZnO) 

Polyaniline (PANI) Telfon Ammonia, 

Acetone, 

Methanol, 

Ethanol 

Drop-casting Methanol 

8-10s 

[8] 

Reduced 

Graphene 

Oxide 

(rGO) 

Poly (3-

hexylthiophene) 

(P3HT) 

SiO2/Si Methanol, 

Acetone, 

Ethanol 

Spin Coating Ethanol 

50s 

 

Acetone  

44s 

[19] 

Graphene 

Oxide (GO) 

Parylene C 

(poly(pxylylene)) 

Glass Methanol, 

Ethanol, 

Propanol, 

Pentanol, 

Hexanal, 

Toluene 

3D Printing, Spin 

Coating 

Ethanol 

146s 

[20] 

Graphene 

Oxide (GO) 

Polyvinylidene 

difluoride (PVDF) 

CNT Aerogel Ethanol, 

argon, 

hydrogen 

Chemical/ Spray 

Coating 

Ethanol 

150s 

[21] 

Reduced 

Graphene 

Oxide 

(rGO) 

Chitosan (CS) Overhead 

projector film, 

commercial 

A4 coated 

paper, 

cellulose 

paper 

Nitrogen 

dioxide 

(NO2) 

3D printing, 

drop-casting 

Nitrogen 

76.37% 

[17] 

Zinc Oxide 

(ZnO) 

Chitosan (Cs), 

polyvinylpyrrolid

one (PVP) 

Polymeric, 

SiO2 

Hydrogen Drop-casting Hydrogen 

24% 

[22] 
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Glycerol 

Ionic liquid 

(IL) 

Chitosan (CS) Copper sheet Hydrogen 

Sulfide 

(H2S) 

Drop-casting Hydrogen 

Sulfide 

15s 

[7] 

Tin Oxide 

SnO2, 

reduced 

Graphene 

Oxide 

(rGO) 

Polyaniline 

(PANI) 

Flexible 

polyethylene 

terephthalate 

(PET) 

Hydrogen 

Sulfide 

(H2S) 

Drop-casting, 

screen printing, 

In situ 

polymerization 

Hydrogen 

Sulfide 

9.1% 

[23] 

Vanadium 

pentoxide 

(V2O5) 

Polyanisidine 

(POMA) 

Glass Ammonia Layer-by-layer 

(LbL), deposition 

method 

Ammonia 

15s 

[24] 

Graphene 

Oxide (GO) 

Poly (methyl 

methacrylate) 

(PMMA) 

Glass Methane Hummers, Spin-

coating 

Methane 

10s 

[25] 

 

2.3 Deposition Technique of Polymer-Based Gas Sensor 

The structural and morphological features of the sensing layer's surface 

substantially influence the performance of polymer-based gas sensors. This layer 

controls the absorption and desorption of oxygen and gas molecules, as well as the 

carrier mobility. As a result, deposition techniques play an essential role in growing 

films with superior gas sensing capabilities. As a result, much research on gas sensors 

has been concentrated on this area [26]. 

2.3.1 Drop Casting Deposition 

Drop casting was employed to create small coatings on tiny surfaces. It required 

only a small amount of solvent. When multiple droplets were formed using this 

method, they provided a distinctive environment to control the shrinkage direction and 

the evaporation rate of the droplets [27]. In this method, a solution was poured onto 

the substrate as drops and was allowed to dry without spreading [28]. When the 

droplets were projected onto the substrate, the liquid first spread on the surface from 

the drop locations due to the interfacial forces that inclined to drive the droplet 

outward. As multiple droplets were cast onto the substrate surface, when the edges of 
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the droplets came in contact with each other, they mixed, forming a noncircular drop 

with a concave contact line. The schematic of the drop-casting method is shown in 

Figure 2.1. 

 

Figure 2.1: Drop casting deposition technique [29] 

 

Previous findings discovered that drops with shapes other than circles dried 

unevenly [30]. They found that these drops had areas that stuck out a lot, dried up 

faster, and ended up with more material deposited. The process called capillary flow, 

which is like how liquid moves between the droplets, was responsible for this uneven 

deposition at the contact line. This meant that they could figure out and control how 

the material was deposited, even if they did not know the exact chemicals involved in 

the solution, liquid, or surface. However, using this method could lead to films that 

were not consistent because the drying conditions were not the same everywhere, 

making it difficult to control. These films ended up being thicker in the middle and 

thinner at the edges. The drop casting method was a different way to work with 

polymer semiconductors, which were costly and did not dissolve easily. 

2.3.2 Screen-Printing Deposition  

Screen printing is classified as a printing technique. In printing procedures, the paste 

was placed on a pattern screen and squeezed to transfer the paste to the substrate 
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surface in reverse. In most applications, the screen-printing technology consists of a 

screen made of synthetic fibre or metal wire and attached to a sturdy steel or aluminium 

frame with a rectangular plane [31]. After putting the correct amount of paste into the 

frame, it is scraped across the surface of the screen using a squeegee at a steady rate. 

Squeegee pressure is used to transfer paste material into the substrate by following a 

pattern drawn on a screen. As a result, the design is transferred to the substrate and a 

layer of paste is deposited. This printing procedure yields film with a width of                  

2 - 4 µm. It also regulates the film's transparency and porosity by altering (i) the thread 

parameters in the screen, such as diameter, counts, and distance between two threads, 

and (ii) the pressure and speed applied to the squeegee [32]. This technique reduces 

coating material loss and produces a highly viscous dense film. This feature is ideal 

for large-scale manufacturing and provides good film quality or uniformity. Because 

of its better thickness homogeneity, smooth operation, and speedier industrial 

application, screens are widely used. This approach has some disadvantages, including 

a greater wet thickness, high viscosity needs, and poor volatility [31]. Previous 

research [33] has proved the effectiveness of using screen printing techniques toward 

the functionalized MWCNT-PEDOT: PSS-based solution. The fabricated polymer-

based gas sensor showed good performance of the recovery property. Figure 2.2 

illustrates the screen-printing technique. 
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Figure 2.2: Screen-printing deposition technique [34] 

 

2.3.3 Doctor Blade Deposition 

Doctor blades are classified as coating techniques. The paste flows through the 

blade on the substrate surface in coating processes as in Figure 2.3. The doctor blade 

approach is based on Glen Howatt's process for manufacturing ceramic capacitors [31]. 

This technique can also be used to create films in PSCs, OSCs, and DSSCs [35]. The 

blade is displaced over the substrate at a consistent velocity with a specific contact 

angle and height in this process. The movement of the blade uniformly distributes the 

paste onto the substrate, resulting in a fixed thick film. The layer thickness obtained 

with this procedure is in the range of 10 - 500 µm. This approach is less expensive and 

reduces particle loss by about 5 % when compared to spin-coating. As a result, a small 

number of fundamental materials is sufficient for this procedure. This technology is 

suitable for mass production and has become one of the most straightforward and cost-

effective approaches for the deposition of semiconductor oxide paste and modern 

electronics. This approach has various advantages, but the main disadvantage is its 

slow evaporation or ability to accumulate at high paste concentrations.     
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Figure 2.3: Doctor Blade deposition technique [36] 
 

2.3.4 Spin Coating Deposition  

Spin coating is a technique used in thin film fabrication to deposit a uniform layer 

of organic compounds on flat surfaces. Spin coating is usually done in four steps: 

deposition, spin-up, spin-off, and evaporation [37]. The material is placed on the 

turntable in the first stage, followed by spin-up and spin-off in sequence, while the 

evaporation stage proceeds throughout the process. Centrifugal force distributes the 

applied solution on the turntable. The layer thins as the spinning speed increases. The 

applied layer is dried after this stage. Because of the quick rotation, uniform 

evaporation of the solvent is achievable [38]. Evaporation or simply drying removes 

the high volatile components of the solution from the substrate, while the low volatile 

components of the solution stay on the surface of the substrate. The thickness of the 

deposited layer is determined by the viscosity of the coating solution and the rotational 

speed. Spin coating is a widely used technique for creating thin polymer film coatings 

that are highly homogeneous and highly reproducible over both tiny and large surfaces. 

The spin coating technique has been thoroughly explored and used in many possible 
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fields including gas sensors due to its many benefits, including low cost, excellent 

homogeneity, superior control, and molecular and atomic order of the constituent 

particles [38]. Research [19] proved that the fabrication of P3HT/rGO composite films 

using the spin coating technique exhibited outstanding sensitivity to acetone and 

ethanol vapor. The size of the substrate is one of the key disadvantages of spin coating. 

Because film thinning becomes more difficult as the size grows, high-speed spinning 

becomes more challenging. The spin coating has a very low material efficiency. In 

general, 95% - 98% of the material is hurled off and discarded throughout the process, 

with only 2% - 5% being discharged onto the substrate [39]. Figure 2.4 shows the 

fabrication of an ammonia gas sensor using the spin coating technique.  

 

Figure 2.4: Ammonia gas sensor using spin coating technique [40] 
 

2.4 Sensing Material 

The selectivity of the sensing material is a crucial consideration in the 

manufacturing of a gas sensor. A good sensing material should have high sensitivity, 

fast response and recovery, and good selectivity [41]. The development of low-cost, 

dependable sensing devices for gas detection, particularly at room temperature, 

continues to be a key scientific and technological challenge [42]. Gas sensors based 

on various sensing materials and methodologies are categorised based on the detection 

method. As 2D materials, graphene, transition metal chalcogenides, boron nitride, 
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transition metal carbides/nitrides, metal-organic frameworks, and metal oxide 

nanosheets indicate future gas-sensing materials [38], [39]. 

2.4.1 Reduced Graphene Oxide (rGO) 

Due to their distinctive structural characteristics, exceptional thermal and electrical 

properties, and mechanical strength, carbon materials like graphite, graphene, carbon 

nanotubes, graphene oxide, and reduced graphene oxide (rGO) have been widely used 

in a variety of applications, including energy, catalysis, environmental monitoring, and 

sensors [43]. rGO has drawn significant attention as an active material in gas sensors 

because of its electrical properties and large surface area for adsorption and interaction 

with gas molecules [44]. These advantages allow rGO-based gas sensors to exhibit 

good sensitivity and rapid response/recovery behaviour when compared to well-

established analytical techniques like gas chromatography and spectroscopic 

approaches [45]. In general, rGO is produced by reducing the oxygen-containing 

functions of GO generated via the Hummers' graphite oxidation process [45] GO is 

composed of sp2 hybrid carbon networks that have reactive oxygen functionalities 

such as epoxy, hydroxyl, and carboxyl [46]. Reduction can be achieved through 

chemical or thermal treatment. rGO, on the other hand, has limitations for large-scale 

practical use in sensing devices due to its low processability [47]. Combining rGO 

with polymer composites has recently been presented as a viable strategy to solve this 

issue [47]. rGO can be altered to carry essential functional groups compatible with 

polymers by utilising some of its residual oxygen capabilities. Further charge exchange 

interactions between rGO and polymers are thus possible. Furthermore, due to its polar 

functional groups, rGO can form significant interactions with gas analytes via dipole-

dipole interactions, van der Waals forces, and hydrogen bonding. As a result, rGO can 
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be injected into a polymer matrix and used to build gas in this situation, rGO acts as a 

receptor material to mediate strong interactions between the polymer matrix and 

analytes [46]. Previous research [48] used a PEDOT/rGO nanocomposite to effectively 

build a highly sensitive and selective carbon monoxide gas sensor. This research 

establishes graphene oxide as a viable material capable of improving the performance 

of polymer-based gas sensors [45].  

2.4.2 Carbon Nanotube (CNT)  

Carbon nanotubes (CNTs) have been studied as gas-sensing materials for over 20 

years [49], [50]. They are multi-walled (MWCNTs) or single-walled (SWCNTs) 

seamless cylinders formed by wrapping graphene sheets along the axial direction [51]. 

Carbon nanotubes offer a high surface-to-volume ratio, superior chemical and 

mechanical stability, and electrical qualities appropriate for gas sensing applications  

[52]. As a result, they are positioned as next-generation gas sensors capable of making 

a difference in the gas sensing market [53]. CNTs are sensitive towards strong 

electrons CNTs are susceptible to strong electron withdrawing or donating gases like 

NH3 and NO2. There are technological impediments to their commercialization. Their 

synthesis is expensive and laborious since it is difficult to generate continuously 

defect-free nanotubes [54]. Another concern is the interaction of the CNT surface with 

oxygen/water molecules, which can affect the sensor's responsiveness to target gases. 

UV light illumination is one approach for dealing with this issue [53]. When CNTs are 

exposed to gas molecules, their electrical characteristics change due to charge transfer 

between the nanotubes and molecules (functioning as electron donors or acceptors). 

Because the preparation process and technique have a considerable impact on sensor 

behaviour and properties, modifications can be critical for the stability of carbon 
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nanotube-based systems. Another downside of CNT gas sensors is their delayed 

response and recovery due to the nature of the gas adsorption and desorption processes 

[54]. In addition to research on gas sensors employing SWCNTs and MWCNTs, such 

as MWCNTs for hydrogen detection [55], research on embedding CNTs into diverse 

matrix materials has been conducted. Polymers such as multi-walled carbon nanotubes 

(MWCNTs) supplemented with PEDOT and PANI obtained strong ammonia 

selectivity but poor recovery [56], and metal oxides such as MWCNT/SnO2 

composites for detecting hydrogen or NO2 at ambient temperature. The decoration of 

CNTs with noble metal nanoparticles has resulted in increased gas sensing response to 

some gas molecules, such as SWCNTs coated with Pd's improved sensitivity to H2 

[57]. 

2.4.3 Graphene 

Applications for graphene, a one-atom-thick sheet of carbon atoms with a 

hexagonal crystal structure in two dimensions, appear promising for gas sensors [58]. 

Because of its unique properties, such as a high surface-to-volume ratio, graphene, and 

its derivatives have attracted a significant deal of attention due to their higher 

adsorption capacity for gas molecules and strong surface activity [59]. Graphene is a 

two-dimensional material with various desirable features, including low room 

temperature resistance, rapid electron mobility (200,000 cm2V-1 s-1), a large surface 

area, and a high carrier density (1012 cm-2). When a small amount of gas is deposited 

on the surfaces of graphene sheets, it can minimise electrical noise and produce a 

change in resistance. The fundamental feature is that all atoms in a graphene sheet can 

be considered surface atoms, meaning that they are all capable of adsorbing gas 

molecules, resulting in a very wide surface area available for the sensing mechanism. 
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Furthermore, the interaction between graphene layers and adsorbate molecules can 

vary in intensity, depending on whether it is van der Waals or covalent bonding. It is 

also distinguished by an exceedingly slight change in resistance as a result of very low 

concentrations of gas adsorption, allowing gas detection down to the molecule level. 

Despite recent advances in graphene-based gas sensors, sensing performance 

remains inadequate in practice. Graphene-based sensors, in general, are always 

sensitive to more gases. Another problem with most graphene-based sensors is their 

lack of reversibility. Another drawback is their inability to be used in large-scale 

practical applications in gas sensors due to their low processability. 

2.5 Characteristics of Polymer-Based Gas Sensor 

The characteristics usually used to identify the sensor performance include 

response, response time, and recovery time.  

2.5.1 Response 

The gas response is defined as the ratio of the resistance of the sensor in a flow of 

synthetic air, 𝑹𝒂, and the steady-state resistance of the sensor in the analyte gas flow, 

𝑹𝒈 [𝟓𝟕]. The response of the sensor can be obtained using Equation 2.1: 

𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 (%) =  
|𝑹𝒂− 𝑹𝒈|

𝑹𝒂
 × 𝟏𝟎𝟎         Equation 2.1 

Where: 

(𝑅𝑔𝑎𝑠 ): Electrical resistance  

(𝑅𝑎𝑖𝑟): Resistance in dry air 
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2.5.2 Response and Recovery Time 

The other two essential characteristics of a gas sensor are response time and 

recovery time. When a reducing or oxidising gas is introduced, the response time (τres) 

of a gas sensor is defined as the amount of time it takes for the sensor to achieve 90% 

of its maximum or minimum conductance value [61]. When the flow of reducing or 

oxidising gas is stopped, the recovery time (τrec) is defined as the amount of time 

needed to return to within 10% of the initial baseline [62]. A gas sensor's response time 

is determined by several factors, including the sensor's design, technology, and the 

nature of the gas being detected. Response times might vary greatly between sensor 

kinds and brands. The time it takes for the sensor's output to reach a particular 

percentage of its final value in response to a step change in gas concentration is 

commonly characterised as the response time. The recovery time is a measure of how 

quickly the sensor recovers its sensitivity and stability after being exposed to the gas. 

The response and recovery time can be varied on certain conditions such as 

temperature, humidity, and the presence of other gases. Furthermore, the response 

properties of different sensor technologies, such as electrochemical, semiconductor, or 

optical sensors, may differ. When comparing gas sensors or determining their 

suitability for certain applications, it is critical to consider both sensitivity and response 

time, as both factors affect the sensor's capacity to detect and respond to changes in 

gas concentration in a fast and correct manner. 
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Figure 2.5: Calculation of response time and recovery time [61] 
 

2.5.3 Mechanism of Graphene Gas Sensor to Ethanol and Acetone 

To discern the superior response of graphene adorned with Ag2S nanoparticles to 

acetone gas, the underlying mechanism was investigated by initially calculating the 

binding energies between gas molecules and an Ag2S slab. Figure 2.6 illustrates the 

binding energies of gas molecules in acetone/ Ag2S, ethanol/ Ag2S, and hexane/ Ag2S 

model systems. The binding energy (BE) was determined as 𝐸𝐵𝑖𝑛𝑑𝑖𝑛𝑔 =

 𝐸𝑔𝑎𝑠−𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒/𝑠𝑙𝑎𝑏 − (𝐸𝑔𝑎𝑠 −𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 +  𝐸𝑠𝑙𝑎𝑏 ) where 𝐸𝑔𝑎𝑠 −𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒/𝑠𝑙𝑎𝑏  represents 

the total energy of the Ag2S slab with the adsorbed gas molecule, and 𝐸𝑔𝑎𝑠 −𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒  

and 𝐸𝑠𝑙𝑎𝑏  denote the total energies of the individual gas molecule and Ag2S slab, 

respectively. Generally, a larger contact area between the molecule and slab surface 

results in a greater binding energy. Surprisingly, despite acetone and ethanol having 

smaller contact areas than hexane, they exhibited higher binding energies. To delve 

into this inconsistency, charge density differences for the three model systems were 

calculated using 𝜌 =  𝜌𝑔𝑎𝑠 −𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒/𝑠𝑙𝑎𝑏 − (𝜌𝑔𝑎𝑠−𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 + 𝜌𝑠𝑙𝑎𝑏) are the electron 
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charge densities of the Ag2S slab with the adsorbed gas molecule, the gas molecule 

alone, and the Ag2S slab alone, respectively. 

The charge density difference analysis revealed the most significant electron 

transfer in the acetone/ Ag2S system. In Figure 2.6 (b), red and green  surfaces (±3.375 

× 10−3 e/A) signify electron charge accumulation and depletion zones, respectively. 

Notably, electrons accumulated over extensive regions of the Ag2S surface with 

adsorbed acetone molecules. Additionally, electron transfer and redistribution within 

the acetone molecule were observed. Conversely, for ethanol and hexane molecules 

(Figure 2.6 (c) and (d)), smaller regions of electron transfer and redistribution were 

evident.  

 

Figure 2.6: Optimized structures (left) and charge density difference plots (right) for 

(b) acetone/Ag2S, (c) ethanol/Ag2S, and (d) hexane/Ag2S 



 

 

 

 

CHAPTER 3  

METHODOLOGY  

3.1 General Overview 

This chapter describes the procedure for fabricating a polymer-based gas sensor for 

VOC gases, including material selection and sensor fabrication. The procedure began 

with the creation of a polymer solution by dissolving low molecular weight chitosan 

powder in an acetic acid solution. Following that, the paste was prepared by mixing 

the polymer solution with the graphene. The fabrication procedure is then continued 

by depositing the silver conductive interdigitated electrode onto the Kapton substrate 

using the screen-printing technique as the first layer of the sensor. The sensing material 

is subsequently coated on the electrode surface using the doctor blade technique, 

becoming the second layer of the sensor. The I-V measurement is required to check 
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the conductivity of the constructed gas sensor before it is exposed to the ethanol and 

acetone gases.  

3.2 Flowchart 

The methodology and development process of polymer-based gas sensors for VOC 

gases can be summarized and illustrated in the following flow chart in Figure 3.1. First 

and foremost, this project starts with preparing the polymer solution by mixing the 

chitosan with the acetic acid (2% w/v solution) while stirring to create a uniform 

viscous solution. Then, the solution will be combined with the graphene using various 

ratios to get a suitable paste that can respond to the ethanol and acetone vapours. As 

for the fabrication of the gas part, an interdigitated electrode will be deposited onto the 

Kapton substrate as a first layer using a screen-printing technique. A silver conductive 

paste will be used for the interdigitated electrode. Besides, the sensing film (Gr) will 

be deposited onto the interdigitated electrode as the second layer using the doctor blade 

technique. The step will continue with the I-V characteristic. The gas sensor will then 

be tested with the I-V characteristic for its responsiveness to ethanol and acetone gases. 

The sensor’s response, response time, and recovery time are all measured to verify its 

effectiveness. If the sensor does not respond to the vapor, the operating process will 

start again by preparing a new paste with any conductivity. The last process is the 

characterization of SEM & Raman. Physio-chemical characterization will be 

performed using a scanning electron microscope (SEM), and Raman to investigate 

surface morphologies and chemical positions of graphene on a detailed scale. 
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Figure 3.1: The flowchart of the project 
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3.3 Preparation of Polymer Solution as a Binder  

Two different binders were used in this project. The first binder is adapted from 

previous research [63], and the second binder is the proposed binder to investigate the 

performance of polymer toward ethanol and acetone gases. Chemiz supplied several 

materials used with the specification of chitosan (100 g weight, De-Acetylation min 

90%) and acetic acid (1L, 2% w/v solution). Initially, 0.2 g and 0.5 g were dissolved 

into 20 ml acetic acid solution to make polymer solution A as shown in Figure 3.2, and 

polymer solution B as shown in Figure 3.3, respectively. Next, the solutions were 

heated and stirred at 100 ⁰C and 500 rpm in 3 hours to make 10 ml of polymer solution. 

The solutions were cooled to room temperature before further sample preparation. 

 
(a) 

 
(b) 

 
(c) 

 

Figure 3.2: (a) 0.2 g chitosan + 20 ml acetic acid, (b) dissolved polymer, (c)10 ml of 
binder after stirred at temperature 100 ⁰C and 500 rpm 

 
(a) 

 
(b) 

 
(c) 

 

Figure 3.3: (a) 0.5 g chitosan + 20 ml acetic acid, (b) dissolved polymer, (c) 10 ml of 
binder after stirred at temperature 100 ⁰C and 500 rpm 
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3.4 Preparation of Graphene Paste as a Sensing Layer 

Firstly, 4.75 ml of solutions are mixed with 0.25 g of graphene for each solution to 

make paste A and paste B. The mixtures were stirred at 40 ⁰C and 80 rpm for 24 hours. 

Figure 3.4 illustrates the process of preparing the graphene paste A, while Figure 3.5 

illustrates the process of preparing paste B. 

                  

Figure 3.4: (a) 4.75 ml of polymer solution A, (b) 0.25 g of graphene, (c) Paste A 
after mixtures of polymer solution A and graphene 

 

                   

 

Figure 3.5: (a) 4.75 ml of polymer solution B, (b) 0.25 g of graphene, (c) Paste B 
after mixtures of polymer solution B and graphene 

             (a)                                        (b)                                        (c) 

             (a)                                        (b)                                        (c) 
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3.5 Fabrication of Polymer-Based Gas Sensor 

There are two different techniques to fabricate the polymer gas sensor. Screen 

printing technique was performed to print the electrode on the Kapton substrate in the 

first layer, while the doctor blade technique was applied to deposit the sensing material 

for the second layer of the polymer-based gas sensor. 

3.5.1 Electrode Deposition of Polymer-Based Gas Sensor  

Kapton film substrates were used as the substrate of the gas sensor. The substrate 

was cut into 2 cm x 2 cm. The interdigitated electrode (silver) was deposited onto the 

Kapton substrate using a screen-printing technique. Firstly, an amount of silver paste 

was placed into the frame, then the paste was scraped across the screen's surface using 

a squeegee. Squeegee pressure transfers paste material into the substrate by following 

a pattern on the stencil. As a result, the design is transferred to the substrate, and a 

paste layer is deposited. The electrode was then annealed at 150 ⁰C for 10 minutes in 

the oven. 

 
2 cm x 2 cm of Kapton 

substrate 

 

 
The silver paste was placed 

into the frame 

 

 
Silver paste scrapped across 

the surface 

 

 
The printed electrode  

 

 
Annealing at 150 ⁰C for 10 

minutes 

Figure 3.6: The electrode fabrication process using a screen printing technique                          
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3.5.2 Sensing Layer  Deposition Of Polymer-Based Gas Sensor 

The sensing material paste that has been prepared in section 3.4 was coated onto 

the printed electrode using the doctor blade technique. This technique is done by 

placing an amount of graphene paste then deposited on the sensor surface and spread 

to provide a homogeneous sensitive layer at 1 cm². The area on which the material was 

deposited was controlled by developing a 1 cm2 of area using scotch tape. The 

squeegee was placed over the substrate at a consistent velocity with a specific contact 

angle and height in this process. The movement of the squeezer uniformly distributes 

the paste onto the substrate, resulting a thick film gas sensor. Lastly, the sample was 

annealed at 150 ⁰C for 30 minutes in the oven. Figure 3.7 illustrates the fabrication of 

a polymer-based gas sensor using the doctor blade technique. This procedure was 

applied for both paste A and paste B, with two variables coated by one layer of sensing 

material and another by two layers of sensing material to cover the entire sensing area.  

 
Sensing area of 1 cm² 

 

 
Graphene paste placed on the 

electrode  

 

 
Sensing material scraped 

between sensing area  

 

 

 
The fabricated polymer gas 

sensor 

 
 

Annealing at 150 ⁰C for 

 30 minutes 

Figure 3.7: The fabrication of polymer gas sensor using the doctor blade 
technique. 
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3.6 I-V Characteristic Measurement  

Figure 3.8 shows the setup of the current-voltage (IV) measurement for the 

polymer-based gas sensor. The polymer gas sensor was placed in a gas chamber, and 

supply voltage was supplied to the gas sensor using the source meter (Keithley 6487). 

The I-V measurement needs to be carried out to check the conductivity of the 

fabricated gas sensor before exposure to the target gas. The output of the gas sensor 

was captured in a current form and was recorded using the LabVIEW 2010 software.  

 

Figure 3.8: I-V measurement for polymer-based gas sensor 

 

3.7 Experimental Setup of Acetone and Ethanol Measurement  

Figure 3.9 depicts the experimental setup for measuring gas sensor response to 

acetone and ethanol. The acetone solution was fill in glassware, and the vapor is flowed 

inside the gas chamber via a silicone hose. The acetone solution was made by mixing 

25 ml of acetone with 25 ml of distilled water with a magnetic stirrer at 100 rpm for 5 

minutes. The solution is then heated to 120 ⁰Ⅽ for 30 minutes to produce acetone vapor. 
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To generate ethanol vapor, the identical process is done using ethanol and distilled 

water.  

The gas sensor's current was initially monitored for 15 minutes to ensure that it had 

stabilised at standard atmospheric pressure. After that, the gas chamber's hose was 

connected to the acetone vapor for 30 minutes, and the response time was recorded. 

The glassware's hose was withdrawn from the gas chamber after 30 minutes, and the 

recovery time was recorded. Using the Origin 2019b program, all of the data obtained 

from the LabVIEW 2010 program were plotted and analysed.  

 

Figure 3.9: Gas measurement setup for polymer-based gas sensor to acetone and 
ethanol vapor 



 

 

 

 

CHAPTER 4  

RESULTS AND DISCUSSION 

4.1 General Overview  

This chapter presents the results obtained that have been achieved in this project . 

The I-V characteristic of the gas sensor produced a linear shape, indicating that it can 

be exposed to gas. Next, current measurement was done by applying 1 V of voltage to 

measure the sensor's response toward acetone and ethanol. All the measured 

characteristics, including response, response time, and recovery time, verified its 

effectiveness. This chapter also describes the properties of a scanning electron 

microscope (SEM) used to investigate the surface morphology of graphene, which is 

verified as nanoflake shape, and Raman, which is used to confirm that the sensing 

material is still graphene after throughout the fabrication process. 



34 

 

 

4.2 Fabrication of The Polymer-Based Gas Sensor 

Figure 4.1 shows the fabricated polymer-based gas sensor based on paste A 

that containing 5% of the polymer. The thickness of T1-1 (a) was approximately 10 

µm according to the scotch tape thickness, while T1-2 (b) was approximately 20 µm 

due to the double layer deposition. The mixture of T1-paste is quite runny, making it 

hard to attach when printed onto the electrode which can be seen in T1-1-S3. In 

addition, the T1-2 paste was thicker than T1-1 paste, which caused the surface of the 

sensing layer of the gas sensor was cracked after annealing process. Regardless of the 

number of layers, the two layers deposited showed more consistent and deeper 

blackness, suggesting better coverage. The details about the sample name can be 

referred to in the Appendix A of this report. 

 
T1-1-S1 

 
T1-1-S2 

(a)  
 

 
T1-1-S3 

 

 
T1-2-S1 

 
T1-2-S2 

(b) 

 

 
T1-2-S3 

 

Figure 4.1: Fabricated polymer-based gas sensor, (a) Paste A-1 layer, (b) Paste A-
2 layer 

The fabrication of the polymer-based gas sensor based on paste B with 5% 

polymer is depicted in Figure 4.2. The thickness of the sensing material indicates that 
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T2-1 was approximately 10 µm thick, whereas T2-2 was approximately 20 µm thick 

because of the double layer deposition. This is because of paste B combination was 

thicker than paste A, make it is easier to place onto the Kapton film. Nevertheless, the 

T2-2 sample was thicker than the T2-1 sample, and after annealing process the 

sample's surface was fractured. Regardless of the number of layers applied, two of 

them T2-1 and T2-2 had deeper and more consistent blackness, indicating better 

coverage.   

 
T2-1-S1 

 
T2-1-S2 

(a) 

 
T2-1-S3 

 

 
T2-2-S1 

 
T2-2-S2 

  (b) 

 
T2-2-S3 

 

Figure 4.2: Fabricated polymer-based gas sensor, (a) Paste B-1 layer, (b) Paste B-
2 layer 

 

4.3 I-V Characteristic Measurement  

Figure 4.3 depicts the I-V characteristics at 1 V for all the gas sensors built on 

Kapton film. It consists of four sample sets, which are T1-1, T1-2, T2-1, and T2-2. 

Every set consists of three samples need to produce a linear graph which is compulsory 

procedure required for gas exposure. The linear I-V characteristic shows that this 
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sensor behaves electrically according to the Ohm's law, which states that current (I) is 

inversely proportional to voltage (V). The breakdown voltage for all samples occurs 

at 5 V as shown in Appendix B,C,D,E. The I-V characteristic of the fabricated gas 

sensor must be linear to validate that the gas sensor followed the Ohm's law and was 

likewise a resistance-based gas sensor. Only a conductive gas sensor can be exposed 

to the target gas for a resistance-based gas sensor. The results indicated that all the gas 

sensors were conductive based on a linearity graph, implying that all samples may be 

subjected to ethanol and acetone vapor. The resistance values for T1-1, T1-2, T2-1, 

and T2-2 were almost identical, meaning the amount of graphene paste deposited using 

the Doctor blade was nearly similar. 

 
          (a) 

 
           (b) 

 
         (c) 

 
         (d) 

Figure 4.3: I-V characteristic of the polymer-based gas sensor at -1V to 1V, (a) 
T1-1, (b) T1-2, (c) T2-1, (d) T2-2 
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Table 4.1 displays all the resistance of the fabricated gas sensors. The resistance 

value of paste B is higher than paste A due to the 2% chitosan used to fabricate the 

polymer solution B compared to 1% chitosan in polymer solution A. The resistance 

value of the single layer for both pastes A and B showed a higher value than the double 

layer. This is because of double layer gas sensor was annealed in twice and it can 

affecting the amount of polymer that being evaporated. As can be seen, T1-2-S2 

generated the lowest resistance, 120.92 Ω, whereas T2-1-S1 generated the highest 

resistance, 591.72 Ω. The amount of chitosan and layer deposited on the gas sensor's 

detecting layer contributed to the resistance value. The high chitosan amount 

influenced the high resistance of the gas sensor. In addition, the quantity of silver paste 

used to affix the copper wire to the electrode's leg may impact the resistance of the gas 

sensor [64] 

Table 4.1: Resistance values of the polymer-based gas sensor 

 

 

Sample 

Resistance (Ω) 

1 Layer 2 Layer 

Sample name Resistance (Ω) Sample name Resistance (Ω) 

 

Paste A 

T1-1-S1 359.71 Ω T1-2-S1 125.31 Ω 

T1-1-S2 357.14 Ω T1-2-S2 120.92 Ω 

T1-1-S3 343.64 Ω T1-2-S3 147.06 Ω 

 

Paste B 

 

T2-1-S1 591.72 Ω T2-2-S1 432.90 Ω 

T2-1-S2 546.45 Ω T2-2-S2 401.61 Ω 

T2-1-S3 526.32 Ω T2-2-S3 452.49 Ω 

 

4.4 Characterization of Sensing Layer using SEM and Raman 

At magnifications of 1.0Kx, Figure 4.4 and Figure 4.5 depicts the morphology 

of the sensing layer of the gas sensor on the Kapton film for paste A and paste B 

respectively. The structure of the graphene may be seen to be nanoflakes typed 

similarly to those previously reported [64], [65]. The T1-1 (a) sample had more gaps 
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between the graphene flakes than the T1-2 (b), T2-1 (c), and T2-2 (d) samples, which 

could be attributed to the lower amount of graphene dropped on the substrate. More 

gaps in the sensing layer allow more gas to flow into the sensing layer of the gas sensor, 

resulting in a stronger response and increased sensitivity [64]. 

 
(a) 

 
(b) 

Figure 4.4: Surface morphology of graphene using SEM for Paste A, (a) T1-1,    
and (b) T1-2 

 
(a) 

 
(b) 

Figure 4.5: Surface morphology of graphene using SEM for Paste B, (a) T2-1,    
and (b) T2-2 

Figure 4.6 shows the result obtained from the Raman process using 1.00Kx of 

magnification. The result for T1-1L (D-1336.24 cm-1, G-1571.31 cm-1, 2D-2678.69 

cm-1), T1-2L (D-1339.55 cm-1, G-1571.31 cm-1, 2D-2682.01 cm-1), T2-1L (D-1343.28 

cm-1, G-1571.31 cm-1, 2D-2678.69 cm-1), and T2-2L (D-1346.60 cm-1, G-1578.36 cm-

1, 2D-2688.64 cm-1). From the previous research, the peak appeared at (D-1350 cm-1, 

T1-1 (1.00Kx) T1-2 (1.00Kx) 

T2-1 (1.00Kx) T2-2 (1.00Kx) 
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G-1582 cm-1, 2D-2700 cm-1) [66]. Therefore, it verified the sensing material used was 

graphene as it is similar to other literature [66] [67]. 

 
Figure 4.6: Raman spectra of graphene nanoflakes 

4.5 Current Measurement Toward Acetone 

This section details the key features of gas sensor performance, focusing on current 

measurement, response calculation, response time, recovery characteristics, and 

repeatability. It explains the underlying principles regulating recent changes in gas 

sensors, presents mathematical methods for response computation, and analyses 

response elements such as sensor materials and deposited technique. By examining 

these features in-depth, this subchapter intends to provide a thorough understanding of 

gas sensor behaviour, assisting researchers in optimizing sensor performance for a 

wide range of real-world applications. 

4.5.1 Response and Response Time  

Figure 4.7 presents the current measurement of polymer-based gas sensors toward 

acetone gas. The current measurement process started with exposing the sample to air 
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for 15 minutes to ensure that it had stabilised at standard atmospheric pressure. It can 

be seen that all the gas sensors (T1-1, T1-2, T2-1, and T2-2) cannot reached the 

stability in air after 15 minutes.  After that, the gas chamber's hose was connected to 

the acetone vapor for 30 minutes, the current value kept increasing during this period 

for all gas sensors, T1-1 (a), T1-2 (b), T2-1 (c), T2-2 (d) and it indicates the response 

of the sensor toward acetone similar with previous research which is p-type gas sensor 

[64], [65]. The glassware's hose was withdrawn from the gas chamber after 30 minutes, 

and the recovery time was recorded for 15 minutes. Among them, T1-1-S2(1), T2-1-

S2(1), and T2-2-S3(1) showed saturated current when exposed to the acetone vapor, 

while other gas sensors were unable to saturate in 30 minutes.  

  
(a) 

 

 

  
(b) 

 

 

  
(c) 
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(d) 

 

 

Figure 4.7: Current measurement of polymer gas sensor toward acetone, (a) T1-1, 
(b) T1-2, (c) T2-1, (d) T2-2 

The polymer-based gas sensor's response, response time, and recovery to acetone 

are displayed in Table 4.2. The single layer for paste A is more significant than the 

double layer because the reaction is consistent within the range of 1.0211 to 1.0323. 

For paste A, 1.0697 (T1-2-S1(3)) is the greatest response value and 1.0040 (T1-1-

S3(2)) is the lowest. In terms of response time, the double layer showed quicker 

response compared to the single layer within the range of 18 minutes to 28 minutes. 

The faster response time for paste A produced by T1-2-S2(3) (18 minutes) and the 

slower response time contributed by T1-1-S3(1) (29 minutes).  

In contrast, paste B's double layer has greater significance than its single layer, with 

a consistent response within the range of 1.0123 to 1.0699. For paste B, 1.0703 (T2-1-

S1(3)) is the greatest response value and 1.0041 (T2-1-S3(2)) is the lowest. 

Nonetheless, paste B's response was more substantial than paste A's, with a 

consistency of response ranging from 0.0100 to 1.0699. Therefore, the proposed binder 

(paste B) produced better response value compared to the paste A. As for the response 

time, the single layer shows a faster response time compared to a double layer which 

is between 3 minutes to 27 minutes. For paste B, the highest response time produced 

by T2-1-S3(2) (3 minutes), and the lowest response time produced by T2-2-S1(3) in 

29 minutes. Lastly, for recovery characteristics, most of the sample were unable to 
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recover after exposure to the acetone in 30 minutes. However, the result shows that 

paste A can recover better than paste B as the total sample that can recover is seven 

compared to three samples from paste B. 

Table 4.2: Characteristics of polymer-based gas sensor toward acetone  

Paste Sample Name Response Response Time (s) Recovery 

characteristic 

 T1-1-S1(1) 1.0261 1580 No 

 T1-1-S1(2) 1.0224 1737 No 

 T1-1-S1(3) 1.0091 1659 No 

 T1-1-S2(1) 1.0211 1336 No 

 T1-1-S2(2) 1.0252 1667 No 

 T1-1-S2(3) 1.0093 1537 No 

 T1-1-S3(1) 1.0300 1746 No 

 T1-1-S3(2) 1.0040 1667 Yes 

Paste A T1-1-S3(3) 1.0323 1729 No 

 T1-2-S1(1) 1.0343 1474 No 

 T1-2-S1(2) 1.0108 1554 Yes 

 T1-2-S1(3) 1.0697 1737 Yes 

 T1-2-S2(1) 1.0067 1607 Yes 

 T1-2-S2(2) 1.0075 1484 Yes 

 T1-2-S2(3) 1.0153 1108 Yes 

 T1-2-S3(1) 1.0184 1545 No 

 T1-2-S3(2) 1.0142 1518 No 

 T1-2-S3(3) 1.0285 1536 Yes 

 T2-1-S1(1) 1.0124 1667 No 

 T2-1-S1(2) 1.0336 1563 No 

 T2-1-S1(3) 1.0703 987 No 

 T2-1-S2(1) 1.0266 1363 No 

 T2-1-S2(2) 1.0100 1642 Yes 

 T2-1-S2(3) 1.0123 1566 No 

 T2-1-S3(1) 1.0212 1563 No 

 T2-1-S3(2) 1.0041 166 No 

Paste B T2-1-S3(3) 1.0119 1632 No 

 T2-2-S1(1) 1.0143 1606 No 

 T2-2-S1(2) 1.0487 1764 No 

 T2-2-S1(3) 1.0579 1772 No 

 T2-2-S2(1) 1.0218 1371 No 

 T2-2-S2(2) 1.0226 1318 No 

 T2-2-S2(3) 1.0140 1521 Yes 

 T2-2-S3(1) 1.0699 1396 No 

 T2-2-S3(2) 1.0176 1082 No 

 T2-2-S3(3) 1.0123 1414 Yes 
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4.5.2 Repeatability Properties  

For a gas sensor to be reliable in practical applications, it must be repeatable. It 

relates to the sensor's capacity to generate repeatable, consistent readings under the 

same circumstances. This finding, which was made three times for every sample, 

points to a significant variation in the two pastes’ sensitivity to the target gases. Figure 

4.8 shows the repeatability of the sensor response for three times exposure. It can be 

seen that all responses produced a similar pattern. T1-1-S1, T1-2-S1, T1-2-S2, T2-1-

S2, T2-2-S1, and T2-2-S3 produced consistent patterns where the current response was 

produced in sequence from the first attempt to the third attempt of exposure. However, 

T1-1-S2, T1-1-S3, T1-2-S3, T2-1-S1, T2-1-S3, and T2-2-S2 did not produce a good 

pattern where the current measurement value overlapped between the first, second, and 

third attempts. As can be seen, T1-1-S3 showed a slightly different response among 

the three attempts but still in acceptable range of 2.10 mA - 3.0 mA.  

  
(a) 
 

 

  
(b) 
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(c) 

 

 

  
(d) 

 

 

Figure 4.8: Repeatability of current measurement towards acetone, (a) Paste A- 1 

layer, (b) Paste A- 2 layer, (c) Paste B- 1 layer, (d) Paste B- 2 layer 
 

4.6 Current Measurement Toward Ethanol 

This part discusses how gas sensors work, focusing on current measurement, 

responses, how quickly they react, how they recover, and how reliably they repeat their 

performance. It explains the basic rules behind the changes in current within gas 

sensors, introduces simple math methods for figuring out responses, and looks at 

elements like the materials used in the sensors and how they're made. By looking 

closely at these features, this section aims to help researchers understand the 

characteristics of gas sensor.  

4.6.1 Response and Response Time 

Figure 4.9 shows current measurement of polymer-based gas sensor to ethanol gas. 

Firstly, the sensor sample was left in the air for 15 minutes to make sure it was stable 

at regular air pressure. However, none of the samples (T1-1, T1-2, T2-1, and T2-2) 
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became stable after 15 minutes. After that, the hose of the gas chamber was connected 

to ethanol vapor for 30 minutes, and the current values increased during this time for 

all sensors (T1-1, T1-2, T2-1, T2-2). This response pattern is similar to past research 

[64], [65] showing that this is a p-type gas sensor. After 30 minutes, the hose was 

removed from the gas chamber, and the time it took for the sensor to recover was 

recorded for 15 minutes. Some sensors (T1-1-S1(1), T2-2-S1(1), T2-2-S2(1), and T2-

2-S3(1)) showed saturated current when exposed to the ethanol vapor, while other gas 

sensors were unable to saturate in 30 minutes. 

  
(a) 

 

 

  
(b) 

 

 

  
(c) 
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(d) 

 

 

Figure 4.9: Current measurement of polymer-based gas sensor toward ethanol,       

(a) Paste A- 1 layer, (b) Paste A- 2 layer, (c) Paste B- 1 layer, (d) Paste B- 2 layer 

Table 4.3 shows the characteristics of polymer-based gas sensor toward ethanol in 

term of response, response time and recovery time. In paste A, the single layer has a 

more noticeable reaction than the double layer because the response was consistent in 

between of 1.0110 and 1.0340. The highest response for paste A is 1.0340 (T1-1-

S3(2)), and the lowest is 1.0099 (T1-2-S3(3)). The double layer in paste A responds 

faster, in between of 24 to 28 minutes. The quickest response is T1-1-S1(1) in 23 

minutes, and the slowest is T1-1-S2(2) in 29 minutes. 

On the other hand, paste B's double layer is more significant than the single layer, 

with a consistent response between 1.0207 and 1.0532. In paste B, the highest response 

is 1.1389 (T2-2-S2(2)), and the lowest is 1.0089 (T2-1-S3(2)). Paste B's response is 

overall more substantial than paste A's, ranging from 1.0143 to 1.0532. So, the 

suggested binder (paste B) performs better in terms of response compared to the paste 

A. In terms of response time, the single layer in paste B responded faster than the 

double layer, taking between 21 to 29 minutes. The highest response time is T2-2-

S2(1) in 17 minutes, and the lowest is T2-1-S3(3) in 29 minutes. Regarding recovery, 

most samples couldn't recover after 30 minutes of exposure to acetone. However, both 

paste A and paste B show equal recovery, as the total samples that can recover were 

similar. 



47 

 

 

Table 4.3: Characteristic of polymer-based gas sensor toward ethanol 

Paste Sample Name Response Response Time (s) Recovery 

characteristic  

 T1-1-S1(1) 1.0285 1400 No 

 T1-1-S1(2) 1.0115 1422 No 

 T1-1-S1(3) 1.0110 1614 Yes 

 T1-1-S2(1) 1.0185 1746 No 

 T1-1-S2(2) 1.0267 1789 No 

 T1-1-S2(3) 1.0300 1737 No 

 T1-1-S3(1) 1.0155 1702 No 

 T1-1-S3(2) 1.0340 1771 No 

Paste A T1-1-S3(3) 1.0046 1440 No 

 T1-2-S1(1) 1.0235 1448 Yes 

 T1-2-S1(2) 1.0076 1640 Yes 

 T1-2-S1(3) 1.0109 1493 Yes  

 T1-2-S2(1) 1.0278 1632 No 

 T1-2-S2(2) 1.0333 1684 Yes 

 T1-2-S2(3) 1.0068 1457 Yes 

 T1-2-S3(1) 1.0209 1679 No 

 T1-2-S3(2) 1.0137 1580 No 

 T1-2-S3(3) 1.0099 1659 No 

 T2-1-S1(1) 1.0207 1677 No 

 T2-1-S1(2) 1.0098 1354 No 

 T2-1-S1(3) 1.0364 1369 No 

 T2-1-S2(1) 1.0179 1702 No 

 T2-1-S2(2) 1.0166 1484 Yes 

 T2-1-S2(3) 1.0151 1475 No 

 T2-1-S3(1) 1.0143 1317 Yes 

 T2-1-S3(2) 1.0089 1361 Yes  

Paste B T2-1-S3(3) 1.0224 1745 No 

 T2-2-S1(1) 1.0532 1466 No 

 T2-2-S1(2) 1.0428 1649 No 

 T2-2-S1(3) 1.0096 1684 No 

 T2-2-S2(1) 1.0299 1056 Yes 

 T2-2-S2(2) 1.1389 1570 Yes 

 T2-2-S2(3) 1.0283 1492 No 

 T2-2-S3(1) 1.0249 1597 Yes 

 T2-2-S3(2) 1.0253 1711 No 

 T2-2-S3(3) 1.0207 1632 Yes 

 

4.6.2 Repeatability properties  

For a gas sensor to work well in real-life situations, it needs to give consistent 

results. This means it should provide the similar readings when exposed to the same 

circumstances. The current measurement was done three times for each sample. The 

results showed that the two pastes have different sensitivity to the target gases. Figure 
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4.10 illustrates how the sensor's response was consistent and followed the similar 

pattern. T1-2-S3 and T2-2-S1 consistently produced the same pattern of current 

response in sequence from the first attempt to the third attempt of exposure. However, 

T1-1-S1, T1-1-S2, T1-1-S3, T1-2-S1, T1-2-S2, T2-1-S1, T2-1-S2, T2-1-S3, T2-2-S2, 

and T2-2-S3 did not show a good pattern. The current measurement values were 

overlapped at first, second, and third attempts. It is noticeable that T2-1-S2 had a 

slightly different response among the three attempts but was still within an acceptable 

range.  

  
(a) 

 

 

  
(b) 

 

 

  
(c) 
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(d) 

 

 

Figure 4.10: Repeatability of current measurement towards acetone, (a) Paste A- 1 

layer, (b) Paste A- 2 layer, (c) Paste B- 1 layer, (d) Paste B- 2 layer 
 

4.7 Comparison of Response for Acetone and Ethanol Gas Sensor 

 Table 4.4 compares the gas sensor in this study responds to acetone and ethanol 

with prior work.  In the past research, the response to acetone was about 1.60%, but in 

this study, it was 1.07. Similarly, for ethanol, the prior research had a response of about 

1.00, and this study showed a response of 1.05. These results suggest that the new 

binder proposed in this study could be an alternative for making gas sensors. Note that 

the response of previous research is in percent due to the different formulas used to 

calculate the response. However, to calculate using that formula, the current 

measurement must achieve in saturated condition. As for this finding, a different 

formula was used due to the sensor response was unable to saturate during gas 

exposure.   

Table 4.4: Comparison of Response for Acetone and Ethanol Gas Sensor 

Sensing 

Material 

Binder Technique Gas Response References 

Graphene DI Water Drop-casting Acetone 1.60% [64] 

Graphene Ethyl 

Cellulose 

Doctor 

Blade 

Ethanol 1.00 [68] 

Graphene Chitosan Doctor 

Blade 

Acetone 1.07 Current Work 

Graphene Chitosan Doctor Blade Ethanol 1.05 Current Work 



 

 

 

 

CHAPTER 5  

CONCLUSION AND FUTURE WORKS 

5.1 Conclusion 

The primary goal of this project is to develop a polymer-based gas sensor for 

volatile organic compounds and to analyse the characteristic of the sensor in terms of 

response, response time, and recovery time. The polymer-based gas sensor was 

successfully fabricated using the doctor blade technique on the Kapton film. All gas 

sensors responded well to the acetone and ethanol vapor. However, this sensor showed 

a good response toward acetone compared to the ethanol due to the highest response 

of 1.0697 in acetone, however it also has poor selectivity because the response were 

almost similar for all gas sensors. The linear I-V characteristic showed all the gas 

sensor values behaved electrically according to Ohm's law, which states that current 

(I) is inversely proportional to voltage (V). The resistance value of paste B is slightly 
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higher than paste A due to the 2% chitosan used to fabricate the polymer solution B 

compared to the 1% chitosan in polymer solution A. The resistance value of the single 

layer for both pastes A and B showed a higher value compared to the double layer due 

to the twice annealed process and also it can affecting the amount of polymer that 

being evaporated. T1-2-S2 generated the lowest resistance, which is 120.92 Ω, 

whereas T2-1-S1 generated the highest resistance which is 591.72 Ω 

 In conclusion, the comparison of the gas sensor's response to the acetone and 

ethanol in this study highlights the promising performance of the novel binder. The 

response values obtained in this work, particularly 1.0703 (T2-1-S1(3)) for acetone 

and 1.0532 (T2-2-S1(1)) for ethanol, demonstrate its potential for fabricating effective 

gas sensors for VOC gases.  

5.2 Future recommendations 

Although the project is successful, there are few recommendations for 

improvement. The binder can be improved by doping the polymer with metal oxide, 

for example, zinc oxide, to enhance its properties. This can lead to improve the 

mechanical strength, electrical conductivity, and stability. Besides, the concentration 

of polymer also can affect the performance of the sensor. Therefore, reducing the 

polymer concentration to 0.5% during the preparation of the polymer solution process 

is suggested. As a result, it can produce a large gap between graphene nanoflakes and 

increase the sensor's response time. 

5.3 Sustainable Development Goals (SDG)  

The fabrication of polymer-based gas sensors is directly linked to SDG 3, which 

focuses on ensuring good health and well-being for all. The goal emphasizes the need 
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to reduce the burden of diseases, including those resulting from environmental factors. 

In the case of gas sensors, the detection of volatile organic compounds (VOCs) such 

as ethanol and acetone contributes to public health. Prolonged exposure to these VOCs 

can lead to various health issues, including nausea, skin rashes, bronchitis, weariness, 

and even severe conditions like Parkinson’s disease. By developing accurate and 

efficient gas sensors, the goal is to mitigate health risks associated with exposure to 

harmful gases, ultimately contributing to the improvement of public health and well-

being. 

Besides, SDG 12 focuses on responsible consumption and production patterns, 

aiming to ensure sustainable practices in the use of resources. In the context of 

polymer-based gas sensors, this goal is addressed through sustainable manufacturing 

processes and material choices. The selection of materials like graphene and chitosan, 

along with substrate choices such as Kapton, reflects a consideration for sustainable 

and eco-friendly options. Additionally, the emphasis on optimizing response, response 

time, and recovery time in gas sensor fabrication aligns with the goal of efficient 

resource utilization. The development of sensors with improved characteristics 

contributes to responsible production practices, reducing waste and optimizing 

resource efficiency. 

In summary, the fabrication of polymer-based gas sensors is aligned with SDG 3 

by addressing health concerns related to exposure to harmful gases. Simultaneously, it 

supports SDG 12 by promoting responsible consumption and production through 

sustainable material choices and efficient manufacturing processes. The integration of 
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these goals ensures that technological advancements in gas sensor fabrication 

contribute to a healthier environment and a more sustainable future.
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APPENDICES 

APPENDIX A 

Sample name: 

 

  

 

 

 

 

 

 

1 T1 S1 (1) 

T1 
Type of paste: 

T1 = Paste A 

T2 = Paste B 

1 
Number of layer: 

1 = 1 layer 

2 = 2 layer 

S1 
Number of sample: 

S1 = Sample 1 

S2 = Sample 2 

S3 = Sample 3 

(1) 
Number of current measurement: 

(1) = first expose 

(2) = second expose 

(3) = third expose 
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APPENDIX B 

I-V measurement for paste A- 1 layer at 2 V, 3 V and 4 V 
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APPENDIX C 

I-V measurement for paste A- 2 layer at 2 V, 3 V and 4 V 
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APPENDIX D 

I-V measurement for paste B- 1 layer at 2V, 3V and 4V 
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APPENDIX E 

I-V measurement for paste B- 2 layer at 2V, 3V, 4V 

 

 

 


