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INTRODUCTION

Hydrogen has attracted wide attentions in the past several

decades due to its significant superiority to traditional fuels in

propellant. Both solid and liquid hydrogen are volatile, infla-

mmable and explosive. Hydrogen leaked in air to the concen-

tration threshold will become flammable and explosive under

room temperature and standard atmospheric pressure. There-

fore, it is of great significance to develop a real-time hydrogen

sensor1, 2. The traditional hydrogen sensors based on the

working principle of electrical characteristics have been deve-

loped and applied in some fields3, 4. However, some unique

fields require a stable and reliable hydrogen sensor as hydrogen

is often generated in the space between components and needs

long-term continuous monitoring. These couldn’t be satisfied

by the traditional hydrogen sensors5,6. With small size, lighter

weight, better electrical insurability, higher sensitivity, wider

bandwidth, larger dynamic range and anti-electromagnetic

interference, optical fiber hydrogen sensors is superior to the

traditional hydrogen sensors and attracts wide attentions all

over the world7,8.

Existing typical optical fiber hydrogen sensors includes

interferometric hydrogen sensor, micro-lens hydrogen sensor,

evanescent wave hydrogen sensor, fiber Bragg grating (FBG)

hydrogen sensor and surface plasmon resonance (SPR) hydrogen

sensor. The interfermetric optical fiber hydrogen sensor,
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proposed by Butler in 1984, is based on a Mach-Zehnder

interferometer. Although it is advantageous in detection

accuracy, it has a complicated structure and instable single

use9. The micro-lens optical fiber hydrogen sensor, proposed

by Butler in 1991, coats a layer of hydrogen sensitive Palladium

films or other palladium alloy films on the fiber end face10.

Although micro-lens optical fiber hydrogen sensor is cost

effective and easy to use due to the simple structure and manu-

facturing process, it has some disadvantages, such as limited

application in point measurement, limited reusability and

mutual interference between sensitivity and response time. The

evanescent wave hydrogen sensor detects the hydrogen

concentration variation according to the relationship between

the losses of optical waveguide mode and the refractive index.

The evanescent wave hydrogen sensor has high sensitivity,

but slow response. Sekimoto et al.11 used two cladding modes

of optical fiber to change the intensity of evanescent field.

Villatoro et al.12 developed a Pd-plating single-mode conical

optical fiber sensor based on the variation of evanescent wave

absorption. Yan and Liu13 researched an optical fiber hydrogen

sensor based on evanescent field of Pd films. Since hydrogen

will produce additional Bragg wavelength drift when reaches

the sensing FBG coated with a layer of Pd films, FBG hydrogen

sensor detects the hydrogen concentration variation by analy-

zing wavelength of reflected lights. With poor resistance to

temperature and mechanical stress influence, FBG hydrogen
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sensor has to eliminate influencing factors of Bragg wavelength

by using corresponding approaches. Sutapun et al.14 Boonsong

made a hydrogen sensor with Pd-coated FBG. Peng et al.15

studied the performance of a FBG hydrogen sensor with Pd

electroplating and Pd tube cover. SPR optical fiber sensor

detects gas concentration variation through the surface plasmon

resonance generated by metal films or metal alloy films.

Bevenot et al.16 developed a SPR hydrogen sensor based on

intensity modulation, which can detect hydrogen concentration

from 0.8-100 % quickly. Lin et al.17 designed a Pd-coated metal

diffraction grating SPR hydrogen sensor based on angle

modulation, which can detect 0.001 % hydrogen concentration

theoretically under the optimum condition. Coated with silver

films, silicon dioxide films and Pd films, Perrotton et al.18 desi-

gned a SPR hydrogen sensor based on wavelength modulation.

As a type of the novel semiconductor materials, tungsten

oxide is applied extensively for its electrochromic property. It

has been widely used in many different applications, such as

electrochromic windows, optical devices, fuel cells, photo-

catalyst materials and gas sensors, etc.19,20. In this work, we

designed a type of optical fiber hydrogen sensor based on

platinum-doped WO3 films.

EXPERIMENTAL

Preparation of hydrogen sensitive films: In the experiments

of preparation hydrogen sensitive films for the optical fiber

sensor, tungsten trioxide was used as the basic materials and

the platinum-doped WO3 films were prepared with sol-gel

method and magnetron sputtering method (Fig. 1). The major

instruments include the analytical balance, WGZ-9073BC-1

electrothermal drying oven, KQ-Q-100DE ultrasound purifier,

centrifugal machine, Aquapro water purifier, the constant

temperature water bath, Haier refrigerator, KW-4A spin coater,

JGP-450 magnetron sputtering equipment and L13130

hydrogen furnace and the major reagent include the following

materials: tungsten powder (99.8 %), hydrogen peroxide

(30 %), anhydrous alcohol, acetone and platinum (99.95 %).
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Fig. 1. Preparation of platinum-doped WO3 films

Design of the optical fiber sensor: The optical fiber

hydrogen sensor is designed the probe of the optical fiber

sensor (Figs. 2 and 3). The working principle of the optical

fiber hydrogen sensor is that the optical properties of platinum-

doped WO3 films will change after absorbing hydrogen. So

we can determine the hydrogen concentration by detecting

the changes of the optical properties of the films.
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Fig. 2. Structure of the optical fiber hydrogen sensor

Fig. 3. Probe of the optical fiber sensor

In Fig. 2, platinum-doped WO3 films were coated on the

reflecting surface. Transmission and reflection of the incident

light occur simultaneously on the films. Reflected lights are

accepted by the optical fiber directly, while some transmission

lights will be reflected and transmitted again on the platinum-

doped WO3 films. In the optical model, incident lights in the

optical fiber will experience multiple reflections and transmi-

ssion on the surface of hydrogen sensitive films. As a result,

the optical fiber will accept the light intensity reflected directly

by the platinum-doped WO3 films and the light intensity trans-

mitted on the films.

Reflectivity of the incident light on the platinum-doped

WO3 films can be expressed as:
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where r1 and r2 is the Fresnel reflection coefficient, ϕ is phase

shift in platinum-doped WO3 films.

Suppose the hydrogen sensor gets the input light intensity

(I0) on the platinum-doped WO3 films, then the light intensity

accepted by the optical fiber (I) is proportional to the reflec-

tivity (R(ρ %)) of detected hydrogen concentration (ρ) on the

platinum-doped WO3 films. The detected light intensity after

n reflections and refractions can be expressed as:
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Then, the total light intensity received by the optical fiber

(I(ρ %)) can be calculated.

RESULTS AND DISCUSSION

After the hydrogen sensitive films were prepared, the

optical and hydrogen sensitive properties of the films were

tested. The results show that the hydrogen sensitive properties

of the platinum-doped WO3 films is improved compared with
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the WO3 films without platinum and the sensitivity and repro-

ducibility of the films is satisfactory in the hydrogen concen-

tration range of 80-40000 ppm. Fig. 4 shows the transmissivity

of the platinum-doped WO3 films in different concentrations

of hydrogen.
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Fig. 4. Transmissivity of platinum-doped WO3 films

Moreover, we have tested the responses of the films to

hydrogen at room temperature when the hydrogen concen-

tration was 4 %. By taking nitrogen gas as zero gas and hydro-

gen as standard gas and then inputted them into distribution

instrument, set the required concentration and turn on the air

pump and start to distribute gas. Fig. 5 shows the spectrum of

the light intensity change in 4 % hydrogen gas with the optical

fiber hydrogen sensor. It can be seen from the figure that the

reflected light intensity of the films changed after passing into

hydrogen gas and with time increases, the light intensity

decreased more and more, but after 10 min, the adsorption of

hydrogen gas reached balance and the reflected light intensity

was no longer changed.
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Fig. 5. Light intensity spectra in 4 % H2 as time increases

At the atmosphere of 4 % H2, the light intensity change

of the samples was about 15 %, taken out the sample after

stopping passing into hydrogen and at this time, the colour of

the sample was dark blue and then it faded fast after sufficient

contact with oxygen in the air. Then we measured the light

intensity spectrum and the test results shown in Fig. 6. The

figure showed that the light intensity spectra of the films came

back to the initial state within 15 min, which suggested that the

films possessed good restorative property at room temperature.

Conclusion

A type of optical fiber hydrogen sensor based on platinum-

doped WO3 films was designed in this work. The preparation
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Fig. 6. Light intensity spectra in 4 % H2 before colouring and after colouring

method of the films was discussed. It is found that the optical

properties of the films varies with different hydrogen concen-

trations, so the hydrogen concentration can be easily detected

when the platinum-doped WO3 films are adopted for the sensor.

The structure of the optical fiber hydrogen sensor was designed

and the working principle was analyzed. The test results show

that the optical fiber sensor possesses good sensitive to hydrogen.
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