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Abstract. This paper presents a novel fabrication technique for hydrogen gas 

sensor based on polymer nanofiber and pure palladium metal. The polymer 

nanofiber was produced from 7 wt% poly vinyl alcohol (PVA) solution through 

electrospinning system. The multilayer PVA nanofibers was utilized as a 

substrate to create a networks of palladium nanofibers hydrogen sensor. The 

palladium nanofiber with a thickness of 30 nm was deposited on the surface of 

the multilayer PVA nanofibers by using E-beam evaporation system and shadow 

mask. During the hydrogen detection test, the novel hydrogen sensor was 

presented as a set of hydrogen-actuated switches with high sensitivity. The 

fabrication process was simple and inexpensive, and the sensor can be mass-

produced. 
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1 Introduction 

Hydrogen (H2), as a clean combustible gas, has a very low density and boiling point 

combined with a high diffusion coefficient and buoyancy. Furthermore, as a 

combustible gas, it has a low minimum ignition energy, high heat of combustion and 

wide flammable range, as well as a high ignition temperature [1]. As a dangerous 

flammable gas in the world, the hydrogen gas is colorless, odorless and tasteless. In 

terms of its physical characteristics, it cannot be detected by human senses. Based on 

this critical aspect, fast, economical and reliable detection of hydrogen gas is required 

for hydrogen-based application and safety improvement [2]. 

 

In recent years, hydrogen gas sensors have been improved in response speed, 

sensitivity, and cost. Miniature hydrogen sensing materials have been a major field in 

the development for these new generation of hydrogen gas sensor due to their large 

surface area to volume (SA/A) ratios, which is able to enhance the absorption and 



 

desorption rates of the sensing materials, and improve the hydrogen diffusion rate in 

the sensing materials [3]. Conventionally, Metal oxide hydrogen sensing materials are 

widely used for hydrogen sensors fabrication in the past couple of years. However, 

these sensing materials can detect various other common combustible gas during the 

gas detection process, which reduces selectivity and sensitivity for hydrogen gas when 

they are exposed to air at room temperature and atmospheric pressure. In addition, 

electrometry has also been used in mass spectrometry for chemical analysis [4-6]. 

However, the overall spectrometry system is fairly complicated and costly. As a 

promising hydrogen sensing material, palladium (Pd)-based hydrogen sensors have 

proved to a significant research filed in the past several years [7]. 

 

Palladium is commonly unitized as a hydrogen sensing material for hydrogen gas 

detection and hydrogen concentration measurement. The pure palladium has a unique 

ability to absorb up to 900 times its own volume of hydrogen. The absorption of 

hydrogen molecule by pure palladium can form Pd-H hydride, and hydrogen atoms are 

able to occupy the interstitial sites of the Pd lattice. Based on this phenomenon, the 

lattice of Pd is expanded, and leading to changes of its physical properties, which 

include volume, reflectivity, refractive index, and electrical resistivity. Hydrogen is 

desorbed when Pd under non-equilibrium condition, thus the concentration of hydrogen 

in the Pd is higher than that in the surface. Based on the concentration gradient of 

hydrogen, the chemical bonds between Pd and hydrogen atoms in the Pd metal are 

broken and the hydrogen atoms move to the surface of Pd, and are desorbed to the air. 

In order to achieve high activation energy to break Pdf-H bonds, the concentration 

gradient is sufficiently high enough to provide the necessary driving force [8]. Based 

on the previous research, the pure palladium film is easy to bubble and crack after 

absorbing and desorbing hydrogen for several times [9], which can negatively influence 

the stability and reliability of hydrogen detection of the palladium-based hydrogen 

sensor. Therefore, Mechanical stress in the film and lattice expansion of palladium 

structure are the significant issues for further research to address [10]. 

 

In literature, there are two solutions that are able to address the crack of pure palladium 

film after absorbing and desorbing hydrogen. The first method is to expand the lattice 

structure of palladium before absorbing and desorbing hydrogen gas. The second 

method is to fabricate low-dimensional structures, such as nanofiber and nanoparticle 

to avoid the fracture issue of pure palladium film. Thanks to the quantum effects, 0D, 

1D, and 2D structures have unique properties which can be utilized to improve senso’s 

performance [11, 12]. The first method investigated previously [10] indicated that the 

lattice structure of palladium was significant expanded after doping yttrium atoms with 

palladium. Due to the improvement of the lattice structure, the palladium-yttrium alloy 

thin film was able to enhance the response rate and eliminate the bubble and 

delamination phenomena. However, the pathway of hydrogen absorption and 

desorption was limited due to hydrogen atoms were only available through surface to 

bottom. Meanwhile, the response and recovery speed of the hydrogen sensor has been 

directly influenced.  



 

The low-dimensional structure of palladium-based hydrogen sensor is the focus of this 

paper. Conversion of materials into nanoscale reduces crystal defects, thereby 

enhancing mechanical strength and reducing the fracture phenomenon. Conventional 

method introduced by Offermans et al [13] utilized a technique called deposition and 

etching under angles (DEA) to produce the single palladium nanowire hydrogen sensor 

with fast response speed, but the DEA technique was difficult to be controlled, and 

expensive for mass-production. Lim et al [14] have reported a highly sensitive 

hydrogen sensor based on a single palladium-functionalized carbon nanowire 

suspended about 10 um above a substrate while monolithically bridging two carbon 

posts. The palladium nanowire was fabricated based on carbon-microelectromechanical 

system process. While this hydrogen sensor has been reported to achieved high 

sensitively and fast response, the complex fabrication process was proved not suitable 

for the application. Zeng et al [15] did research on hydrogen gas sensing with networks 

of palladium nanowires formed on filtration membranes. Using the surface structure of 

filtration membranes as a substrate to realize the palladium nanowires. The fabrication 

process was simple and inexpensive, but the hydrogen response speed and sensitivity 

was negatively influenced due to the diameter of palladium nanowires been limited by 

the filtration membranes. Collectively, the palladium nanofiber is of great complexity 

to fabricate and it normally require expensive nano-fabrication facilities for mass-

production. 

 

In this paper, we present a novel fabrication technique for hydrogen gas sensor, which 

was based on polymer nanofiber and pure palladium metal. The polymer nanofiber was 

produced by electrospinning system and poly vinyl alcohol (PVA) solution. The 

multilayer PVA nanofibers were fabricated as a substrate for the hydrogen sensor. The 

networks of palladium nanofibers formed on the unique PVA substrate. The fabrication 

process of the suspended Pd/PVA nanofibers based hydrogen sensor was simple and 

has fewer steps by utilized shadow mask and E-beam evaporation system. The proposed 

fabrication process was suitable for mass-production of the sensor. The microstructure 

of the nanofibers were determined via high-resolution microscopy, and scanning 

electron microscope (SEM). The proposed hydrogen sensor was tested to have an 

interesting resistance trend when it was exposed to hydrogen gas.  

2 Experiments 

2.1 Multilayer PVA nanofiber substrate preparation  

Electrospinning is a distinctive technique that allows the fabrication of continuous 

fibres with diameters ranging from submicro to nanoscale in either single or multilayer. 

Therefore, the polymer nanofibers can be produced to achieve a thinner diameter and a 

larger surface area than conventional techniques. As the schematic diagram shown in 

Fig. 1, the electrospinning system (Spraybase® Electrospinning kit) consists of three 

major components: a high voltage supply, a syringe with a needle, and a grounded 

collector plate. The needle was connected to the high voltage supply that is capable to 

generate DC voltages up to 30 KV. The morphology and diameter of fibre is controlled 



 

by intrinsic properties of the polymer solution and the operation conditions during the 

electrospinning process. Thus, the types of polymer, concentration of the solvent, and 

electrical conductivity are critical in determining the morphology and diameter of 

fibres. The electrospinning system has to operate under high voltage, which is 

dangerous for operators and bystanders. Thus, the high voltage sealed chamber must be 

closed during the operation process.  

  

 
 

Fig. 1. Schematic illustration of the setup for electrospinning system 

The 7 wt% PVA solution was produced before the PVA nanofibers fabrication. The 

PVA solution was continuously supplied using a syringe pump at a rate of 10 uL/min. 

A voltage of 7 KV was applied on the needle. The distance between needle and collector 

plate was 7 cm. the particular glass substrate was prepared before the electrospinning 

process, as shown in Fig. 2(a). Based on the material characteristics of PVA nanofibers, 

the soft and light nanofibers are difficult to be transferred from the collector plate. 

Therefore, two silver epoxy lines were applied on the glass substrate, which was able 

to fix the PVA nanofibers during the electrospinning process, as shown in Fig. 2(b). 

Fig. 2(c) shows, the multilayer PVA nanofibers were fabricated on the glass substrate, 

and a strong connection occurred between PVA nanofibers and silver epoxy after it 

cures. 



 

 
Fig. 2. Fabrication process of the multilayer PVA nanofibers on a unique glass substrate 

2.2 Palladium nanofibers fabrication  

Fig. 3 illustrates the fabrication process of the palladium nanofibers based on multilayer 

PVA nanofibers. The multilayer PVA nanofibers on a glass substrate was produced 

prior the palladium deposition process. According to the experiment design, the shadow 

mask was required to control the deposition area of palladium. Therefore, to avoid the 

cross-contamination between shadow mask and PVA nanofibers, the shadow mask was 

cleaned in ethanol and using ultrasonic. The shadow mask was a thin plastic sheet, the 

laser cutter (TRoTec Speedy 300TM) was applied to cut the plastic sheet into 30 mm x 

30 mm square, with 15 mm x 15 mm squire of window in the middle of the plastic 

sheet. During the palladium deposition process, the glass substrate was fully covered 

by shadow mask, as shown in Fig. 3(a). 

 

 
Fig. 3. Fabrication process of the palladium nanofibers based on multilayer PVA nanofiber 



 

The palladium deposition process was an important section for the fabrication of 

palladium nanofibers-based hydrogen sensor, and was implemented using E-beam 

evaporation system (Kurt J. Lesker) to achieve superior film density, and low impurity. 

The higher density should enhance the mechanical properties of palladium and increase 

the abrasion resistance. Palladium target with purity of 99.95% was installed in the 

crucible as an evaporation material. The coating growth was controlled by a quartz 

crystal microbalance which can monitor both thickness and evaporation rate. During 

the deposition process, the inside of the system must be in a vacuum state. The working 

temperature during this process at 25 ̊C and 1×10-8 Torr for the operation pressure. To 

further enhance density and smoothness palladium nanofibers, the deposition rate 

should be regulated as slow as possible.  In this experiment, the evaporation rate was 

set at 1 Å/s, and the sample was deposited 5 mins to fabricate 30 nm palladium 

nanofibers as illustrated in Fig. 3(b). Then the palladium nanofibers were remained after 

removal of the shadow mask as shown in Fig. 3(c). Subsequently, the both electrodes 

of the sensor were made from silver epoxy, which was able to provide better electrical 

connection between electrodes and hydrogen sensing element, as shown in Fig. 3 (d). 

2.3 Characterization of the PVA nanofibers 

Scanning electron microscopy (SEM) was performed on the generated PVA nanofibers. 

The clean and smooth surface of the PVA nanofibers were demonstrated in Fig. 4. The 

random and continuous PVA nanofibers was presented in Fig. 4(a). Due to the different 

brightness in Fig. 4(b), the multilayer PVA nanofibers with diameters up to 500 nm 

were proved.  

 

 
Fig. 4. SEM image of the surface morphology of a multilayer PVA nanofibers 

2.4 Hydrogen sensor testing system 

The hydrogen gas sensor was tested in a particular gas chamber (linkam Instruments), 

which was designed for cell and gas testing. The inside probes are positioned inside of 

this chamber making it ideal for resistance measurements when the sensor is exposed 

to hydrogen. The curing time for both electrodes were approximately 24 h at room 

temperature or 30 mins at 100 ̊C. The electrodes became hard with high electrical 

(a) (b) 



 

conductivity after curing. Fig. 5 depicts a schematic diagram of the hydrogen gas testing 

system. Technically, the mass flow controller can produce various concentrations of 

hydrogen gas. During the gas detection test, 1% of hydrogen with nitrogen was 

produced via mass flow controller and discharged continuously into the gas chamber 

with a set flow rate of 300 mL/min in standard condition. The valve of the mass flow 

controller was turned off after the measurement, and the outlet was opened to remove 

the remaining hydrogen gas. A PC connected with a digital multi-meter was applied for 

all measurement data collection and analysis. The change of resistance with hydrogen 

was recorded by digital multi-meter with time intervals of 1 s. The gas response (Gr) is 

defined as the percentage of resistance change when the palladium nanofiber hydrogen 

sensor is exposed to hydrogens. 

                                    𝐺𝑟 =
𝑅𝑏−𝑅𝑎

𝑅𝑎
× 100% =

∆𝑅

𝑅𝑎
× 100%                                       (1) 

Where Ra and Rb are the resistance of hydrogen sensor device before and after its 

exposure to the hydrogen concentration, respectively.  

 

 
 

Fig. 5. Hydrogen gas testing system 

 

3 Results and Discussion 

3.1 Morphology of the suspended palladium nanofibers 

As Fig. 6 presented, the palladium was coated on the surface of the multilayer PVA 

nanofibers. The PVA nanofibers were able to support 30 nm thick of palladium, but 

fractures were found in few parts of the nanofibers. The multilayer PVA nanofibers was 

exposed under palladium atoms with high energy during the deposition process. 

Therefore, they were damaged by high energy palladium atoms. Due to the fracture 



 

issues, the palladium nanofibers were not a continuous nanostructure. In the previous 

research, the surface fracture was able to influence the electrical resistivity property, 

sensitivity of hydrogen gas, and response speed. Specifically, the resistance of the 

palladium nanofibers was increased because of the fracture phenomena. However, the 

expansion of palladium lattice occurred when it was exposed to the hydrogen, and the 

resistance of the hydrogen sensor was decreased. 

 

 
Fig. 6. SEM image of the surface morphology of the palladium nanofibers after gas 

detection process 

3.2 Hydrogen detection test 

The result in Fig. 7 indicated that the gas response for 1% hydrogen gas. According to 

the surface morphology of the palladium nanofibers, the superior material property of 

palladium nanostructure was demonstrated. The initial resistance of the hydrogen 

sensor was higher than normal palladium-based hydrogen sensors. Obviously, the trend 

of the gas response was different compare with others hydrogen sensors. As shown in 

Fig. 7, the resistance decreased when hydrogen was discharged into gas chamber, and 

it was increased when it was stopped. As discussed in subsection (3.1), the hydrogen 

sensor had undergone α to β phase transition after absorbing hydrogen, and the face-

centerd cubic (FCC) palladium lattice was expanded. The compressive stress on each 

Pd nanofibers are occurred, and noticeable compression were observed at grain 

boundaries. According to this characteristic, the continuous Pd nanofibers were 

generated and observed to have a decreased resistance. Conversely, removal of the Pd 

nanofibers to an air ambient induces a β to α phase transition causing each palladium 

grains to contracted during the phase transition. This lead to an increased tensile stress 

on each Pd nanofibers, and resulted as nanoscopic gaps. The gaps generated when the 



 

sensor exposed to air ambient acted as open circuits which increased the resistance of 

the Pd nanofibers [16]. Collectively, the hydrogen sensing element was effectively an 

open electric circuit when it was exposed to air. The expansion of Pd lattice structure 

was able to lead the circuit became a closed circuit.  

 

 
Fig. 7. 30 nm palladium nanofibers with 500 nm diameter PVA nanofibers, under 1% 

hydrogen testing 

The response time is defined as the required time from initial point of 90% of the stable 

point, and the recovery time is defined as the required time from stable value to 10% of 

the stable value when hydrogen gas stops to introduce into gas chamber. As show in 

Fig 7, the response and recovery times at 1% hydrogen concentration were 92 s and 26 

s, respectively. Meanwhile, the gas response was 78.57%, approximately. 

4 Conclusions 

In this study, a hydrogen gas sensor based on palladium nanofiber networks was 

fabricated. The nanostructure was produced by electrospinning system and the 

multilayer PVA nanofibers was fabricated as a substrate, to simplify the fabrication 

process of palladium nanofiber networks. The E-beam evaporation technique was 

applied to deposit the 30 nm thick of Palladium on the surface of the substrate. 

Furthermore, the shadow mask was utilized to limit the sensing area of the hydrogen 

sensor. The proposed hydrogen sensor was able to detection hydrogen with 92 s 

response time, and 26 s recovery time, respectively. The gas response for the novel 

hydrogen sensor was approximate 78.57 %. In addition, the hydrogen sensor has 

become a hydrogen-actuated switches, due to the phase transition of palladium 

nanofibers. The fabrication of this novel hydrogen sensor is simple, and economical for 

mass-produced. 
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