INTERNATIONAL JOURNAL OF INTEGRATED
ENGINEERING
ISSN: 2229-838X  e-ISSN: 2600-7916 I]IE

Vol. 16 No. 7 (2024) 280-289
https://publisher.uthm.edu.my/ojs/index.php/ijie

Enhancement of Sensing Performance for Alcohol in
Aqueous Solution using Tapered Optical Fiber Coated
with Polyaniline via Air-Brushing Technique

Noor Aliah Kahlet!, Naimah Mat Isal*, Sakinah Mohd Alauddin?, Norhafizah
Burham?, Hasnida Saad?

1 School of Electrical Engineering, College of Engineering
Universiti Teknologi MARA, Shah Alam, 40450, MALAYSIA

2 School of Chemical Engineering, College of Engineering,
Universiti Teknologi MARA, Shah Alam, 40450, MALAYSIA

*Corresponding Author: naimah5732@uitm.edu.my
DOI: https://doi.org/10.30880/ijie.2024.16.07.025

Article Info Abstract
Received: 27 June 2024 Tapered fibers with superior properties can be used in sensing
Accepted: 17 November 2024 applications such as humidity sensors, temperature sensors, and

Available online: 31 December 2024  refractive index sensors. The main objective of this work is to
investigate the influence of Polyaniline (PANI) as a coating in the
fabrication of a polymer microfiber for the detection of different

Keywords concentrations of methanol, ethanol, and propanol. In this study, a high-
Tapered fiber, microfiber, optical quality tapered optical fiber is fabricated using the flame-brushing
sensor, polyaniline; PANI, microfiber  technique and the microfiber is then coated with the polymer
sensor, alcohol sensor Polyaniline (PANI) to detect different types of alcohol at various

concentrations. It was found that the sensor using PANI as the coating
material on the tapered optical fiber exhibited higher sensitivity to
concentration changes of aliphatic alcohol solutions than the bare
tapered optical fiber. The improvement in sensitivity for methanol,
ethanol, and propanol is 80.17%, 106.43%, and 42.92% respectively. A
sensitivity of 0.9755 dBm/%, 1.06 dBm/%, and 1.039 dBm/% for
methanol, ethanol, and propanol respectively was achieved by using a
tapered PANI-coated optical fiber with a diameter and length of 4 um
and 5 mm respectively. The digital microscope (DM) confirmed the
successful coating of PANI on the tapered microfiber which helped to
enhance the performance of the sensor. Overall, this work has
effectively demonstrated a conductive polymer-coated optical
microfiber sensor for alcohol detection that is inexpensive, effective,
and easy to set up.

1. Introduction

Optical fibers are considered a feasible sensor because the sensing and measurement have been in existence for
over 40 years. Photonic sensors, which were first patented in the mid-1960s, were based on bifurcated fiber
bundles, with half of the bundle used to illuminate a surface and the other half to receive the reflected signal [1-
2]. With proper calibration, the received signal can provide a highly accurate approximation of the relative
position between the end of the fiber and the reflecting surface [3]. A decade later, the introduction of single-mode
optical fibers and the idea of incorporating them into interferometers marked a significant advancement, offering
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substantial engineering benefits over their free-space predecessors fixed to optical tables. However, the primary
application of optical fiber technology was in communication [4].

Due to its properties such as compact size, low weight, electromagnetic shielding, excellent stability, and the

ability to analyze sensor arrays remotely, optical sensors have long been a popular research topic. Light pulses
are transmitted from their source to the destination via fiber optic waveguides [2,5]. A fiber optic is made up of
cladding, buffering, and a core that transmits light through total internal reflection while providing protection.
Because of their small size, flexibility, and minimal losses, silica fiber optics are widely employed. Although they
are widely used in telecommunications, they are also being used more and more in the creation of sensors [6].
Fiber optic sensors can be employed in potentially dangerous conditions and are immune to electromagnetic
interference, unlike typical electronic sensors.
Various methods, such as U-bends, tapers, and D-fibers, have been employed to construct refractive index sensors,
including fiber-optic displacement sensors. Among these, fiber tapering is the most fundamental method for
sensor applications [7]. Recently, tapered fibers have garnered significant interest from researchers worldwide
due to their superior performance and versatility in a wide range of sensing applications [8]. The immunity of
fiber optic sensors to electromagnetic interference makes them particularly attractive for sensing applications.

Fiber optic sensing has been in high demand for quite some time, paralleling the remarkable advancements
in micro and nanotechnology. When the diameter of the tapered fiber is in the micrometer (um) range, it is
referred to as a microfiber, and when it is smaller than 1 nm, it is called nanofiber [9]. Fiber optics with smaller
diameters exhibit higher sensitivity and responsiveness, offering a wide dynamic range, minimal attenuation loss,
tight optical confinement, and strong evanescent fields [10].

Tapered optical fibers possess these qualities, making them well-suited for remote sensing applications such
as humidity, refractive index sensing, vapor sensing, biomedicine, chemical analysis, environmental engineering,
and the automotive industry [7]. The enhanced performance of these fibers in various environmental conditions
underlines their importance in the continued development of advanced sensing technologies.

Tapered optical fibers are known for their strong evanescent fields, allowing a substantial portion of the
transmitted light to interact with the surrounding environment, significantly enhancing their sensing capabilities.
This characteristic makes them highly attractive as sensor components, enabling the creation of devices that are
extremely small, inexpensive, and lightweight [11].

Microfibers are typically fabricated by heating and stretching standard-diameter glass fibers. Among the
various methods used for microfiber production, the flame brushing technique is the most commonly employed
due to its ability to maintain a uniform heat source, regulate flame movement, and efficiently extend the fiber
length [12]. This method is particularly advantageous because it meets adiabatic criteria, ensuring minimal
thermal loss during the tapering process, which is critical for producing high-quality conical fibers.

The precision and control offered by the flame brushing technique are essential for tailoring the physical and
optical properties of the tapered fibers, making them suitable for a wide range of sensing applications. These
applications include environmental monitoring, biomedical diagnostics, and chemical detection, where the
enhanced sensitivity provided by the strong evanescent fields of tapered fibers is crucial. The method’s efficiency
and ability to produce fibers with consistent quality further underscore its importance in fabricating advanced
optical sensors.

The integration of functional materials, such as Polyaniline (PANI), into optical sensors offers a significant
enhancement in their performance. PANI has emerged as a promising material for smart sensor development due
to its numerous advantages, including ease of synthesis, low cost, good environmental stability, and the unique
ability to switch electrically between conductive and resistive states [13-15]. These properties make PANI
particularly attractive for improving the sensitivity and selectivity of optical sensors, enabling them to effectively
detect a wide range of analytes.

While PANI does have some limitations, such as low solubility and poor mechanical properties, these
challenges can be mitigated through various approaches. For example, blending PANI with other polymers or
forming composites can enhance its solubility and mechanical strength without compromising its electrical
properties [13, 16]. This adaptability further underscores PANI's potential in sensor applications.

Conductive polymer-coated optical fibers, particularly those coated with Polyaniline (PANI), have
demonstrated rapid and substantial responses to various chemical solutions. This responsiveness, coupled with
the ease of fabrication and stability under varying humidity and temperature conditions, makes PANI a more
suitable material for sensor applications compared to traditional materials like metal oxides. Notably, Chiam et al.
[17] successfully detected alcohols using PANI-coated optical microfibers, observing a wavelength shift in the
output spectrum as steric influences increased. The presence of PANI was found to increase the dihedral angle
and band gap energy, further enhancing the sensor's sensitivity [17].

Recent advancements have focused on improving the mechanical properties and solubility of PANI by
blending it with other polymers or doping it with various substances, which can significantly enhance its
performance in sensor applications [18]. PANI-coated optical fibers have been effectively employed for ammonia
detection, demonstrating high sensitivity and rapid response times [19]. Additionally, the development of flexible
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PANI-coated optical fiber sensors for gas detection has opened possibilities for wearable sensor applications,
highlighting the versatility and potential of PANI in advanced sensing technologies [20].

Building on these previous studies, this research explores the use of PANI-coated tapered optical microfibers
for the detection of methanol, ethanol, and propanol at various concentrations. The tapered optical microfiber was
fabricated using the flame brush method, which allows for precise control over the fiber's dimensions. PANI was
dissolved in N-methyl-2-pyrrolidone (NMP), chosen for its strong hydrogen bond acceptance and significant
solvation influence, and was then applied to the tapered fiber using the airbrush coating [21-22]. This coating
method ensures that the fiber is responsive to specific chemical or biological species, enhancing its functionality
as a sensor.

The primary goal of this study is to measure the presence of methanol, ethanol, and propanol at different
concentrations using the PANI-coated tapered optical microfiber. This approach offers a promising solution for
the development of inexpensive, effective, and easy-to-implement alcohol sensors. This study intends to enhance
the field of optical fiber sensors by offering new insights into the design and implementation of functionalized
optical fibers for chemical detection. It does this by utilizing the special qualities of PANI and the accuracy of the
tapered microfiber fabrication technique.

2. Methodology

2.1 Preparation of Tapered Fiber

The process of removing cladding from a fiber optic cable consists of several detailed steps, each essential for
maintaining the fiber's reliability. It begins with thoroughly cleaning the fiber to remove any dust, dirt, or
contaminants that could interfere with the removal process. This step is essential to prevent any particles from
affecting the subsequent operations.

Next, a fiber optic scoring tool is used to carefully create a shallow groove around the circumference of the
cladding. This step requires precision to avoid damaging the core of the fiber, which could compromise its
functionality. The groove marks the section of the cladding to be removed, which typically measures about 5 cm
in length.

Once the groove is in place, the fiber is securely held with a pair of fiber optic holders. The cladding is then
gently twisted and removed from the core using a stripper tool, which must be done carefully to ensure the core
remains intact. After the cladding is removed, the newly exposed core is meticulously cleaned using a tissue
soaked in acetone to eliminate any remaining residue that could affect the fiber's performance.

Following the cleaning, a cleaver tool is used to precisely cleave the fiber, ensuring a clean and smooth end
face, which is vital for efficient splicing. After the cleaving operation, the buffer layer surrounding the fiber is
removed, and the strand is terminated, preparing it for the final splicing process with the splicer.

In addition to the technical steps, it is essential to adhere to safety protocols throughout the process. This
includes wearing protective attire such as gloves and boots to prevent injury when handling the fiber, as well as
using the proper tools and equipment to avoid accidents or damage to the fiber. These precautions are crucial to
ensuring both the safety of the operator and the success of the operation.

The fiber optic used in this experiment is a single-mode fiber (SMF). The flame brushing technique was used
to trim the SMF fiber. This method enables the production of biconical tapered fiber [8, 23]. It offers a great degree
of control over flame movement, fiber stretching length, and speed. The fiber may be manufactured with high
precision and repeatability. Furthermore, this approach allows for the creation of low-loss microfibers.

Fig. 1 illustrates flame-brushing techniques to fabricate the tapered optical fiber. Two fiber holders fused and
stretched a tiny segment of bare single-mode fiber while it was burned with an oxy-butane torch. When the target
ratio was reached, which in this investigation was approximately 5 mm in length with a diameter of 4um, the
heating and pulling procedures were terminated.
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Fig. 1 Flame brushing technique for tapering optical fiber

Fig. 2 shows the Oxygen and Butane Control Valve to control the flame. The flame plays a significant function
in the tapering process where a good flame can be achieved by controlling the convection airflow from the oxy
and butane valve.

Fig. 2 Oxygen and butane control valve

2.2 Preparation of Polyaniline

Mechanical stirring and heating were conducted to dissolve Polyaniline (PANI) in N-methyl-2-pyrrolidone (NMP).
The PANI emeraldine salt was synthesized in a chemical laboratory in the School of Chemical Engineering UiTM.
The first step in preparing the PANI solution for coating the tapered fiber is to combine PANI with NMP in a beaker.
Fig. 3(a) shows the 5 ml of NMP being dropped into a 0.5 g PANI powder. To prepare the PANI solution, the mixture
of PANI and NMP was dropped into the beaker and placed on a hot plate with a controlled temperature at around
35°C as visualized in Fig. 3(b). As shown in Fig. 3(c), the mechanical stirring is performed with the magnetic
stirring bar in the beaker. Stirring was conducted for approximately 60 minutes at a speed of 500 rpm until the
Polyaniline was entirely dissolved in the NMP. Once the Polyaniline was dissolved and then cooled at room
temperature for another 60 minutes, the solution was stored in an anti-UV container to maintain the bonding.
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Fig. 3 Schematic illustration for the preparation of PANI solution (a) NMP solution dropped into the PANI powder;
(b) The mixture is dropped into the beaker placed on a hot plate; (c) The solution was stirred using a magnetic
stirring bar

2.3 Coating of the Tapered Fiber

After successfully preparing the solution of PANI, the tapered fiber was then coated with the PANI solution using
an airbrushing technique. This technique required great handling of the pressure and hand movement to coat the
tapered fiber optics finely. The airbrushing process is normally carried out in a controlled environment, with
temperature, solution viscosity, and immersion duration carefully managed to produce the required coating
thickness and uniformity. Typically, the coated fiber is cured or dried to solidify the coating substance and increase
its adherence to the fiber. The process is extensively used to create optical fiber coatings that protect against
environmental threats and mechanical damage. In this research, the coated fiber was left dried out at the room
temperature of 25°C for 24 hours. On a side note, coatings can also be utilized to improve the fiber's optical
qualities, such as numerical aperture or reflection loss [24]. It is vital to note that the airbrushing process may be
rather sensitive and necessitates the use of specialist equipment and skills to obtain high-quality results.

2.4 Preparation of Alcohol in Aqueous Solution

In this research, the primary focus is on the preparation of aqueous aliphatic alcohols, specifically methanol,
ethanol, and propanol. The process of reducing the concentration of these alcohols by mixing them with water or
another solvent is known as dilution. By adding a solvent, such as water, as used in this study, the concentration
of methanol, ethanol, and propanol is decreased. The dilution equation can be employed to calculate the amount
of solvent added and the resulting concentration of the alcohols. The dilution equation may be used to calculate
the amount of solvent supplied and the resulting concentration:

Clvl = CZ VZ (1)

where C1 and Vi are the initial alcohol concentration and volume, and C2 and V- are the final alcohol concentration
and volume following dilution. Finally, methanol, ethanol and propanol were diluted in 5 stages of concentration
which are 2%, 4%, 6%, 8% and 10%.

2.5 Experiment Set Up

Fig. 4 shows the experimental setup of the proposed aliphatic alcohol sensor. The amplified spontaneous emission
(ASE) with a wavelength of 1550 nm provides light to the detector while the output light was captured and
recorded using an Optical Spectrum Analyzer (OSA, Yokogawa AQ6370B). Firstly, the bare tapered fiber on a glass
slide was tested to sense all three aliphatic alcohols in 5 different concentrations. The test was conducted and
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repeated for five times, and data was collected for each type of alcohol and concentration ranging from 2% to 10%
individually to get more accurate data.

Lmmchong fiber

Fig. 4 Experimental setup of the tapered fiber coated with PANI for methanol, ethanol and propanol concentration
measurements

Once done with the alcohol sensing on the bare tapered optical fiber, the methanol, ethanol and propanol
sensitivity measurements were carried out by dropping 2 mol alcohol like in the previous test onto the tapered
optical microfiber coated with PANI. The glass slide was used to place the tapered microfiber and placed between
the ASE laser source and the OSA. The OSA was used to display the output spectrum and the output power. The
process was repeated, but this time the fiber used is the tapered microfiber coated with PANI. Both results of bare
and coated tapered microfiber were recorded in the external source to be compared and analysed.

3. Results

3.1 Surface Morphology

The surface morphology of the bare tapered optical fiber and the tapered optical fiber coated with PANI was
examined using a Digital Microscope (DM). Fig. 5 shows the DM image of both conditions of the tapered optical
fiber with a waist diameter of 4 pm. As seen in Fig. 5(a), the image shown is the surface of the bare tapered optical
fiber. While in Fig. 5(b) shows the image of the coated tapered optical fiber where the is a presence of PANI
particles identified on the surface.

() (b)

Fig. 5 Digital Microscope (DM) image of the tapered fiber (a) DM image of the bare tapered optical fiber; (b) DM
image of the surface for the PANI-coated tapered optical fiber. (Note: 0.1 mm indicates the measurement scale)

Fig 6(a), (b) and (c) illustrate the linear function of the transmission power output signal against the aliphatic
alcohol concentrations, respectively, for the bare tapered fiber and tapered fiber coated with PANIL In the
experiment, the diameters of the microfibers were maintained at 4pm for both the bare and coated tapered fibers.
Based on Fig. 6(a), the tested alcohol was methanol, where the sensitivity and linearity of the bare tapered fiber
were obtained at 0.5415 dBm/% and 99.44% while the sensitivity and linearity of the PANI-coated tapered fiber
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achieved 0.9755 dBm/% and 99.93% respectively. It is observed that the output power reduces as the
concentration is increased from 2% to 10%.

A similar pattern was observed when the various concentrations of ethanol were tested on the bare and
tapered fiber coated with PANI. Fig. 6(b) shows that as the ethanol concentration increases, the output power
from the OSA decreases.

The sensitivity and linearity of the bare tapered fiber were obtained at 0.5135 dBm/% and 98.62% while the
sensitivity and linearity of PANI-coated tapered fiber were obtained at 1.06 dBm/% and 99.66% respectively.
Based on Fig. 6(c), where the propanol was observed, the sensitivity and linearity of the bare tapered fiber were
obtained at 0.727 dBm/% and 99.00. On the other hand, the performance of PANI-coated tapered fiber increased
when it produced 1.039 dBm/% sensitivity with 99.25% linearity. The changes in the cladding of the tapered fiber
have affected the dispersion of light when sensing the region exposed to alcohol substances [25-26].

The sensor's sensitivity is increased after being coated with PANI. Joulazadeh & Navarchian [27] previously
published a PANI-based sensor for alcohol vapor. The sensitivity of the constructed sensor increases due to H-
bonding interactions between the -OH groups of alcohol and the nitrogen atoms in the PANI structure. This is
understood as the chemisorption process, in which the chemical linkages formed resulted in variations in light
intensity when exposed to different quantities of alcohol molecules in the sample material.
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Fig. 6 Linear function of the output signal against various concentrations for the bare and PANI-coated tapered
fiber of (a) Methanol; (b) Ethanol; and (c) Propanol sensing

Table 1 shows the summaries of the performance characteristics for methanol, ethanol, and propanol sensors
utilizing the PANI as a coating substance. The sensitivity of the sensor is obtained from the slope of the output
response graph and the standard deviation values were averaged over the five distinct runs [28]. To calculate the
sensor's resolution, the average standard deviation was divided by the sensor's sensitivity.

Overall, the sensor is observed to be more sensitive for the coated tapered fiber compared with bare tapered
optical fiber for methanol, ethanol and propanol as shown in Table 1.

Table 1 The performance of the bare tapered optic fiber and tapered optic fiber coated with PANI for aliphatic

sensor
p Methanol Ethanol Propanol
arameter

Bare PANI-coated Bare PANI-coated Bare PANI-coated
Linear Range (%) 2-10 2-10 2-10 2-10 2-10 2-10
Standard Deviation 0.0551 0.1935 0.479 0.3355 0.1947 0.4136
(dBm/%)
Linearity (%) 0.9944 0.9993 0.9862 0.9966 0.99 0.9925
Sensitivity (dBm/%) 0.5415 0.9755 0.5135 1.06 0.727 1.039
Resolution (%) 0.1018 0.2002 0.9328 0.3165 0.2678 0.3981

As for methanol, the sensitivity increased by 80.17% when the tapered optical fiber was coated with PANIL
The same case goes for ethanol and propanol where the sensitivity increases by 106.43% and 42.92%
respectively. The linearity for methanol, ethanol and propanol also increased from 0.9944% to 0.9993%, 0.9862%
to 0.9966% and 0.99% to 0.9925% respectively, when the alcohol tested on the tapered optical fiber coated with
PANI On the side note, the sensor's resolution can be increased by lowering the standard deviation number or
raising the sensor's sensitivity [29].

An optical microfiber's tiny diameter and strong index contrast between the fiber core and its surroundings
allow it to display remarkable wave-guiding features such as tight optical confinement, huge evanescent fields,
and waveguide dispersion [9-10].

Conclusion

An alcohol sensor is proposed and demonstrated using tapered optic fiber coated with Polyaniline (PANI) for the
measurement of different concentration of methanol, ethanol and propanol. The tapered optic fiber is fabricated
using the flame brushing technique and has a waist of 4 um and a length of 5 mm. As the solution concentration of
the methanol, ethanol and propanol solution increasing from 2% to 10%, the linearity and sensitivity of the sensor
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is increase. Furthermore, it has been shown that a higher sensitivity can be achieved by coating the tapered fiber
with PANI and an improvement of 80.17% in terms of its sensitivity for the methanol sensor. As for the ethanol
and propanol, the sensitivity shows an improvement of 106.43% and 42.92% respectively. To the best of our
knowledge, this research has proven to enhance the sensitivity as the tapered fiber coated with PANI tested on
methanol, ethanol and propanol. In comparison to uncoated fibre, PANI-coated fibre is preferred for alcohol
sensing. To conclude, PANI-coated fiber has improved tapered optical fiber performance for alcohol sensing.
Moreover, fiber coated with PANI performs better for methanol sensing than other types of alcohol.

Acknowledgement

The authors would like to thank the College of Engineering, Universiti Teknologi MARA, Shah Alam, Selangor,
Malaysia for the support fund in publishing this paper.

Conflict of Interest

Authors declare that there is no conflict of interests regarding the publication of the paper.

Author Contribution

The authors confirm contribution to the paper as follows: study conception, methodology, and design: Noor Aliah
Kahlet, Naimah Mat Isa; data collection: Noor Aliah Kahlet, Naimah Mat Isa, Sakinah Mohd Alauddin, Norhafizah
Burham; analysis and interpretation of results: Noor Aliah Kahlet, Naimah Mat Isa, Sakinah Mohd Alauddin,
Norhafizah Burham; draft manuscript preparation: Noor Aliah Kahlet, Naimah Mat Isa; Manuscript review,
intellectual content and supervision: Naimah Mat Isa, Hasnida Saad, reviewed the results and approved the
final version of the manuscript.

References

[1] Ferreira, M.F., Castro-Camus, E., Ottaway, D.]., Lopez-Higuera, ].M., Feng, X, Jin, W., Jeong, Y., Picqué, N., Tong,
L., Reinhard, B.M. and Pellegrino, P.M. (2017). Roadmap on optical sensors. Journal of Optics, 19(8), 083001,
https://doi.org/10.1088/2040-8986/aa7419

[2] P, C, & Silva, L. (2022). Optical Fiber Sensors and Sensing Networks: Overview of the Main Principles and
Applications. Sensors, 22, 7554,
https://doi.org/10.3390/s22197554

[3] Butt, M. A., Mateos, X., & Piramidowicz, R. (2024). Photonics sensors: A perspective on current advancements,
emerging challenges, and potential solutions (Invited). Physics Letters A, 516, 129633,
https://doi.org/https://doi.org/10.1016/j.physleta.2024.129633

[4] Girsang, L., Napitupulu, A., Simorangkir, 1., & Sitompul, D. (2021). Indepth Study of Single mode Optical Fibre.

[5] Joe, H.-E,, Yun, H,, Jo, S.-H., Jun, M., & Min, B.-K. (2018). A review on optical fiber sensors for environmental
monitoring. International Journal of Precision Engineering and Manufacturing-Green Technology, 5, 173-191,
https://doi.org/10.1007/s40684-018-0017-6

[6] Kot, P, Hashim, K. S., Muradov, M., & Al-Khaddar, R. (2021). Chapter 17 - How can sensors be used for
sustainability improvement? In ]J. Ren (Ed.), Methods in Sustainability Science (pp. 321-344). Elsevier.
https://doi.org/https://doi.org/10.1016/B978-0-12-823987-2.00011-8

[7] Zhang, W, Xianzheng, L., Liu, X., Li, G, Singh, R., Zhang, B., & Kumar, S. (2023). Advances in Tapered Optical
Fiber Sensor Structures: From Conventional to Novel and Emerging. Biosensors, 13, 644,
https://doi.org/10.3390/bios13060644

[8] Taha, B, Ali, N., Mohamad Sapiee, N., Fadhel, M., Mat Yeh, R, Bachok, N. N., Al Mashhadany, Y., & Arsad, L. D.
N. (2021). Comprehensive Review Tapered Optical Fiber Configurations for Sensing Application: Trend and
Challenges. Biosensors, 11, 21,
https://doi.org/10.3390/bios11080253

[9] Zhang, L. Tang, Y., & Tong, L. (2019). Micro-/Nanofiber Optics: Merging Photonics and Material Science on
Nanoscale for Advanced Sensing Technology. iScience, 23, 100810,
https://doi.org/10.1016/j.isci.2019.100810

[10] Zhang, ], Fang, H., Wang, P., Fang, W., Zhang, L., Guo, X.,, & Tong, L. (2024). Optical microfiber or nanofiber: a
miniature fiber-optic platform for nanophotonics. Photonics Insights, 3, ROZ,
https://doi.org/10.3788/P1.2024.R02

[11] Khonina, S. N., Kazanskiy, N. L., & Butt, M. A. (2023). Optical Fibre-Based Sensors—An Assessment of Current
Innovations. Biosensors, 13(9).

[12] Ong, Y. S., Kam, W., Harun, S. W.,, & Zakaria, R. (2015). Fabrication of polymer microfiber through direct
drawing and splicing of silica microfiber via vapor spray and flame treatment. Applied Optics, 54, 3863-386,
https://doi.org/10.1364/A0.54.003863

Penerbit
UTHM



Int. Journal of Integrated Engineering Vol. 16 No. 7 (2024) p. 280-289 289

[13] Anita, G., Perica, P., Iva, D., & Aleksandar, P. (2023). PANI-Based Sensors: Synthesis and Application. In N.
Florin (Ed.), Trends and Developments in Modern Applications of Polyaniline (pp. Ch. 5). IntechOpen,
https://doi.org/10.5772 /intechopen.1002042

[14] Beygisangchin, M., Abdul Rashid, S., Shafie, S., Sadrolhosseini, A. R, & Lim, H. N. (2021). Preparations,
Properties, and Applications of Polyaniline and Polyaniline Thin Films—A Review. Polymers, 13(12).

[15] Bhadra, J., Al-Thani, N.,, Madi, N. K,, & AlMa'adeed, M. (2015). Effects of Aniline Concentrations on the
Electrical and Mechanical Properties of Polyaniline Polyvinyl Alcohol Blends. Arabian Journal of Chemistry,
96,
https://doi.org/10.1016/j.arabjc.2015.04.017

[16] Goswami, S., Nandy, S., Fortunato, E., & Martins, R. (2023). Polyaniline and its composites engineering: A class
of multifunctional smart energy materials. Journal of Solid State Chemistry, 317, 123679,
https://doi.org/https://doi.org/10.1016/j.jssc.2022.123679

[17] Chiam, Y. S., Lim, K. S.,, Harun, S. W,, Gan, S. N., & Phang, S. W. (2014). Conducting polymer coated optical
microfiber sensor for alcohol detection. Sensors and Actuators A: Physical, 205, 58-62,
https://doi.org/https://doi.org/10.1016/j.sna.2013.10.025

[18] Wani, A. A, Shaari, N., Ansari, A. A, Mohd, S., Tiwari, P., Kamarudin, S. K,, & Gupta, R. K. (2023). Polyaniline-
based functional nanohybrid materials towards environmental remediation; Current progress, challenges,
and future perspectives. Journal of Environmental Chemical Engineering, 11(6), 111254,
https://doi.org/https://doi.org/10.1016/j.jece.2023.111254

[19] Pang, Z., Yildirim, E. Pasquinelli, M. A,, & Wei, Q. (2021). Ammonia Sensing Performance of Polyaniline-
Coated Polyamide 6 Nanofibers. ACS Omega, 6(13), 8950-8957,
https://doi.org/10.1021/acsomega.0c06272

[20] Hooshmand, S., Kassanos, P., Keshavarz, M., Duru, P., Kayalan, C. I, Kale, 1., & Bayazit, M. K. (2023). Wearable
Nano-Based Gas Sensors for Environmental Monitoring and Encountered Challenges in Optimization.
Sensors, 23(20).

[21] Ibrahim, S., Abdul Rahman, N., Abu Bakar, M. H,, Girei, S., Yaacob, M., Ahmad, H., & Mahdi, M. A. (2015). Room
temperature ammonia sensing using tapered multimode fiber coated with polyaniline nanofibers. Optics
Express, 23, https://doi.org/10.1364/0E.23.002837

[22] Khalaf, A. L., Hasan, T. S., Abdulbari, H. A., Kadhim, W. A,, & Yaacob, M. H. (2021). CNT-based tapered optical
fiber for ethanol remote sensing over 3-km optical fiber. Journal of Materials Research and Technology, 12,
1738-1746,
https://doi.org/https://doi.org/10.1016/j.jmrt.2021.03.103

[23] Harun, S. W,, Lim, K. S, Tio, C. K., Dimyati, K., & Ahmad, H. (2013). Theoretical analysis and fabrication of
tapered fiber. Optik, 124(6), 538-543,
https://doi.org/https://doi.org/10.1016/j.ijleo.2011.12.054

[24] Li, C, Yang, W., Wang, M,, Yu, X,, Fan, |, Xiong, Y., Yang, Y., & Li, L. (2020). A Review of Coating Materials Used
to Improve the Performance of Optical Fiber Sensors. Sensors, 20(15).

[25] Noor, A. S. M,, Talah, A, Rosli, M. A. A, Thirunavakkarasu, P., & Tamchek, N. (2017). Increased sensitivity of
Au-Pd nanolayer on tapered optical fiber sensor for detecting aqueous ethanol. Journal of the European
Optical Society-Rapid Publications, 13(1), 28,
https://doi.org/10.1186/s41476-017-0056-6

[26] Soares, M.S., Vidal, M., Santos, N. F,, Costa, F. M., Marques, C., Pereira, S. O., & Leitao, C. (2021). Immunosensing
based on optical fiber technology: Recent advances. Biosensors, 11(9), 305.

[27] Joulazadeh, M., & Navarchian, A. H. (2014). Alcohol sensibility of one-dimensional polyaniline and
polypyrrole nanostructures. leee Sensors Journal, 15(3), 1697-1704,
https://doi.org/10.1109/]SEN.2014.2360915

[28] Tulliani, J. M., Inserra, B, & Ziegler, D. (2019). Carbon-based materials for humidity sensing: A short
review. Micromachines, 10(4), 232.

[29] Giordano, M. R., Malings, C., Pandis, S. N., Presto, A. A, McNeill, V. F,, Westervelt, D. M., Beekmann, M. &
Subramanian, R. (2021). From low-cost sensors to high-quality data: A summary of challenges and best
practices for effectively calibrating low-cost particulate matter mass sensors. Journal of Aerosol Science, 158,
105833, https://doi.org/https://doi.org/10.1016/j.jaerosci.2021.105833

Penerbit
UTHM



