
 

  
Abstract—Tungsten trioxide has been prepared by using P-PTA 

as a precursor on alumina substrates by spin coating method. 
Palladium introduced on WO3 film via electrolysis deposition by 
using palladium chloride as catalytic precursor. The catalytic 
precursor was introduced on the series of films with different 
morphologies. X-ray diffractometry (XRD), Scanning electron 
microscopy (SEM) and XPS were applied to analyze structure and 
morphology of the fabricated thin films. Then we measured variation 
of samples’ electrical conductivity of pure and Pd added films in air 
and diluted hydrogen. Addition of Pd resulted in a remarkable 
improvement of the hydrogen sensing properties of WO3 by detection 
of Hydrogen below 1% at room temperature. Also variation of the 
electrical conductivity in the presence of diluted hydrogen revealed 
that response of samples depends rather strongly on the palladium 
configuration on the surface. 
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I. INTRODUCTION 

YDROGEN is a colorless, odorless and tasteless gas. It is 
light and has a large diffusion coefficient of 0.61 cm2/s in 
air. Unlike fuels such as gasoline or diesel, hydrogen 

burns cleanly without release of pollutants or greenhouse 
gases. As a result, more attention is needed to be paid to 
hydrogen as a clean fuel in household and transportations 
applications. It is a highly flammable fuel with a wide 
combustion range of 4–75%. Therefore, detection and leakage 
control of this gas is a challenging subject. Today development 
of a hydrogen sensor with negligible power consumption, high 
stability, sensitivity and fast response is highly desired. 
Reports of various technologies for hydrogen sensing include, 
FETs [1]-[26] optical fibers [26] thermoelectric [2]-[12]; 
schottky diods [5, 21, 22]; surface acoustic wave devices [3]-
[6] and metal oxides [7]. Metal oxide sensors are under 
intensive development and have been studied for decades. 
Simple construction, low cost, small size and high sensitivity 
with fast response are amongst their desirable properties. In 
these sensors, the thin layer in contact with a target gas would 
show response by changing its resistance [17]. WO3 is one of 
the most widely used materials due to its fast response with 
high sensitivity towards different gases. It has been shown that 
the addition of an appropriate amount of metal additives 
promotes chemical reactions by reducing the activation energy 
between the film surface and the target gas. Also, it increases 
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the response and selectivity as well as decreasing the 
maximum temperature of sensor response. In the hydrogen 
sensing case, modifying metal oxides especially WO3 by metal 
additives such as Pt, Pd, or Au, via different techniques are 
under intensive investigations [4, 10, 11, 13, 15, 16, and 25]. It 
is known that gas sensitivity depends on the high surface area 
and porosity which are both affected by preparation method. 
Among various techniques, Sol–gel is a suitable method for 
preparing nanoparticles. The present work emphasize on 
hydrogen resistance- sensing properties of Pd:WO3 films 
prepared by Sol-gel routs. Films with high homogeneity and 
low processing temperature are easily made by spinning Pd-
W-PTA sols on alumina substrates. We made a series of 
samples with different morphology to introduce catalyst by 
electrolysis deposition. Growth and nucleation of Pd particles 
on the films’ surfaces by diluted PdCl2 in water for 2gr/lit was 
investigated. Resistance-sensing behavior of the prepared films 
in exposure to diluted hydrogen at operating temperatures of 
30 to 350 oC by steps of 50 oC was measured. Results showed 
that addition of Pd on the films’ surfaces decreased the 
operating temperature to room temperature but the best 
performance was at 150 0C with increasing sensor’s response 
one hundred times larger than pure film. Also, we obtained 
good performance as response and recovery times for pure and 
Pd catalyzed films.  

 
II. EXPERIMENTAL 

         A.Thin film Preparation 

Peroxopolytungstic acid (P-PTA) sol was prepared by Kudo 
rout [27]. Five grams of tungsten wire which was cut in 1 cm 
pieces reacted with 20ml of H2O2 (30%).The mixture was 
stirred at room temperature for 48 hours and all tungsten wire 
was dissolved. Un-reacted H2O2 was removed by using 
platinum net. Then Ethanol was added and the solution heated 
at 80 oC to evaporate. The sol changes from clear to an orange 
color. For the activation process, some amorphous films and 
those which were annealed at 200 oC and 500 oC were 
prepared. Pd was introduced by impregnating films in 2gr/lit 
diluted PdCl2 in water in the presence of HCl for 3 minutes. 
Then films were dried and annealed at 500 oC for 1 hour to be 
stabilized during gas sensing at high temperatures.  
    B. Characterization Techniques 

Film’s structures were determined by using XRD, XPS and 
SEM analysis. The XRD patterns were recorded using a 
Philips X’pert instrument operating with CuKα radiation 
(λ=1.54178Ǻ) at 40kV/40mA. Scanning Electron Microscope 
was used to obtain the SEM images using a Philips XL30 
model. The change in resistance towards H2 was recorded by 
using a Volt-Amperometric technique. As shown in Fig.1. 
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Samples with Ti/Au interdigitated electrodes were placed in 
test chamber, a constant potential was applied and the voltage 
variation was measured by a voltmeter that was data logged by 
a computer. The films’ temperatures were increased by a 
heater located on the back of the substrates. We used dry air as 
a reference gas and Hydrogen as a reducing gas. Sensor 
response was defined as S=Vgas /Vair that Vgas and Vair are the 
sensor voltage in the presence and absence of gas respectively. 
The gas sensing performance of the samples to Hydrogen were 
tested at two gas concentrations of 0.1% and 1% and at 
operating temperature from 30 oC to 350 oC by steps of 50 oC. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Schematic of gas sensing set up (a) and a typical sensor (b) 
 

 

 

III. RESULTS AND DISCUSSION 
 

A. Microstructure Analysis 
Knowledge of surface morphology, crystallite size and 

films’ structure are essential for interpretation of the observed 
results. The SEM image presented in fig.2 shows growth of 
three dimensional palladium nanoclusters on the surface.  
 

 
 
 
 
 
 
 
 
 

                
Fig.2 SEM image of Pd electrolysis deposited on WO3 film 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 (a) and (b) shows respectively the XRD patterns of pure and 

catalyzed films for both the as-prepared (un-annealed) films and heat-
treated at 500 oC. Amorphous WO3.H2O structure is observed in all 

XRD patterns of un-annealed films (Fig. 3a). However heat treatment 
at 500 oC results in formation of both nanocrystals of 

monoclinicWO3 as presented in Fig. 3(b) 
 

 
 
Fig.3 XRD patterns of amorphous (a) and crystallized (b) WO3 thin 

films 
 

To find surface composition we performed X-ray 
Photoelectron Spectroscopy (XPS) experiment. The 
deconvolution of Pd 3d peaks measured on the annealed film is 
shown in Fig. 4.  

 
Fig. 4 XPS spectra in the Pd 3d region 

 
 

It shows the binding energies of oxidized palladium and Pd 
in metallic state but the metallic Pd has a weak signal.  

.b 
  Au/Ti 

electrodes WO3 layer 

.a 
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It confirms that after annealing most of the Pd atoms are in an 
oxidized state. 
 

B. Resistance–Temperature Characterization of Samples 

The Pd:WO3 sensor shows enhanced response to H2 gas with 
higher  sensitivity compared to the pure one. In Fig.5 the 
response of pure and catalyzed films to different Hydrogen 
concentrations at 350 oC and a typical variation in electrical 
conductivity versus time for the annealed film at 200 oC are 
presented.  

Fig.5 Response of pure and catalyzed films to different 
Hydrogen concentrations for samples at 350 oC (a) and a 
typical variation in electrical conductivity versus time for 

annealed film at 200 oC (b) 
 

Fig.6 illustrates the response of pure and catalyzed films in 
Hydrogen concentrations 1% and 0.1% versus operating 
temperatures from 30 to 350 oC. Results showed that each film 
exhibited a maximum sensitivity at different operating 
temperature. The best sensing behavior was observed on 
annealed films at 200 oC and operating temperature at 200 oC.  
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
Fig.6 the response of pure and catalyzed films of WO3 in 

Hydrogen concentration 0.1% versus operating temperatures  
 

Our results showed surface morphology has a direct role in 
growth of Pd on the metal oxide surface. In the electrolysis 
deposition, the chemical reaction between Pd ions and an 
active surface (WO3) will be occurred by the following 
reaction: 
 

 Pd2++2e-→Pdo                                         (1) 

Defects and Oxygen vacancies in metal Oxides play an 
important role in charge exchange with metal ions. In this 
work, amorphous film prepared by sol-gel route contains 
WO3.2H2O nanoparticles with many defects and vacancies. 
Annealing the films at 2000C can remove water but defects and 
vacancies still exist and higher annealing temperatures like 
500oC would reduce these defects. Consequently, we can 
observe more Pd growth on the amorphous and 200 oC 
annealed films in the form of nanoclusters as is shown in fig.2. 
This is due to large concentration of defects on these films In 
fact the amorphous films have large amount of water in 
their structure which produces    more point defects  
during impregnation in catalyst solution. In accordance 
to SEM and resistance-sensing results, these structural 
defects cause more growth of Pd nanoclusters on the 
surface in compare to annealed samples at 500 oC. Also 
increase in PdCl2 concentrations from 0.2gr/lit to 2gr/lit leads 
to more accumulation of Pd particles on the surface. 
  

II. CONCLUSION 

Electrolysis technique is a useful method for introducing 
palladium on metal oxides surface. According to our SEM 
results, dispersion and growth of the Pd particles on the 
surface of samples are affected strongly by the film’s 
morphology. Increasing the Pd-salt concentration, cause an 
increase in the size of Pd particles and make higher 
agglomerations of these clusters in some places. The gas 
sensing performance of the films to Hydrogen is directly 
related to the features of Pd growth. The 200oC annealed film 
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showed best performance because of response at lower 
operating temperature which is desirable for commercial 
application. 

REFERENCES   
[1] Higuchi T, Nakagomi Sh, Kokubun Y. Field effect hydrogen sensor 

device with simple structure based on GaN. Sens Actuators B Chem 
2009;140:79–85. 

[2] Huang H, Luan W, Zhang JS, Qi YS, Tu ST. Thermoelectric hydrogen 
sensor working at room temperature prepared by bismuth–telluride P–N 
couples and Pt/g-Al2O3. Sens Actuators B Chem 2008;128:581–5. 

[3] Ippolito SJ, Kandasamy S, Kalantar-Zadeh K,Wlodarski W. Layered 
SAWhydrogen sensor withmodified tungsten trioxide selective layer. 
Sens Actuators B Chem 2005a;108:553–7. 

[4] Ippolito SJ, Kandasamy S, Kalantar-zadeh K, Wlodarski W. Hydrogen 
sensing characteristics of WO3 thin film conductometric activated by Pt 
and Au catalysts. Sens Actuators B Chem 2005b;108:154–8. 

[5] Ito K, Kojima K. Hydrogen detection by Schottky diodes. Int J 
Hydrogen Energy 1982;7:495–7. 

[6] Jakubik WP. Investigations of thin film structures of WO3 and WO3 
with Pd for hydrogen detection in a surface acoustic wave sensor 
system. Thin Solid Films 2007;515:8345–50. 

[7] Korotcenkov G. Metal oxides for solid-state gas sensors: what 
determines our choice? Mater Sci Eng B 2007;139:1–23. 

[8] Kudo T, Okamoto H, Matsumoto K, Sasaki Y. Peroxopolytungstic acids 
synthesized by direct reaction of tungsten or tungsten carbide with 
hydrogen peroxide. Inorg Chim Acta 1986;111:L27–8. 

[9] Luo Sh, Fu G, Chen H. Gas-sensing properties and complex impedance 
analysis of Ce-added WO3 nanoparticles to VOC gases. Solid-State 
Electron 2007;51:913–9. 

[10] Malyshev VV, Pislyakov AV. Investigation of gas-sensitivity of sensor 
structures to hydrogen in a wide range of temperature, concentration and 
humidity of gas medium. Sens Actuators B Chem 2008;134:913–21. 

[11] Moreno DL, Herna´ndez DM. Effect of the Pd–Au thin film thickness 
uniformity on the performance of an optical fiber hydrogen sensor. Appl 
Surf Sci 2007;253:8615–9. 

[12] Nishibori M, Shin W, Izu N, Itoh T, Matsubara I, Yasuda S,et al. Robust 
hydrogen detection system with a thermoelectric hydrogen sensor for 
hydrogen station application. Int J Hydrogen Energy 2009;34:2834–41. 

[13] Opara U, Ovec K, Orel B, Georg A, Wittwer V. The gasochromic 
properties of sol–gel WO3 films with sputtered Pt catalyst. Solar Energy 
2000;68:541–51. 

[14]  Orel B, Gros elj N, Opara U. Gasochromic effect of palladium doped 
peroxopolytungstic acid films prepared by the sol–gel route. Sens 
Actuators B Chem 1998;50:234–45. 

[15]  Penza M, Martucci C, Cassano G. NOx gas sensing characteristics of 
WO3 thin films activated by noble metals (Pd, Pt, Au) layers. Sens 
Actuators B Chem 1998;50:52–9. 

[16]  Ruiz A, Arbiol J, Cirera A, Cornet A, Morante JR. Surface activation 
by Pt-nanoclusters on titania for gas sensing applications. Mater Sci Eng 
C 2002;19:105–9. 

[17]  Sakai G, Matsunaga N, Shimanoe K. Theory of gas-diffusion controlled 
sensitivity for thin film semiconductor gas sensor. Sens Actuators B 
Chem 2001;80:125–31. 

[18] Sekimoto S, Nakagawa H, Okazaki S. A fiber-optic evanescent-wave 
hydrogen gas sensor using palladiumsupported tungsten oxide. Sens 
Actuators B Chem 2000;66:142–5. 

[19] Shi J, Wu G, Shen J, Gao G, Zhou B, Ni X, et al. Preparation of Pd 
doped WO3 films via sol–gel method and their gasochromic properties. 
Proc SPIE Int Soc Opt EngProceedings 2008;6984. 69843A-69843A-5. 

[20]  Slaman M, Dam B, Schreuders H, Griessen R. Optimization of Mg-
based fiber optic hydrogen detectors by alloying the catalyst. Int J 
Hydrogen Energy 2008;33:1084–9. 

[21]  Tang WM, Lai PT, Xu JP, Chan CL. Enhanced hydrogensensing 
characteristics of MI SiC Schottky-diode hydrogen sensor by 
trichloroethylene oxidation. Sens Actuators A Phys 2005;119:63–7. 

[22]  Tsai TH, Chen HI, Lin KW, Hung CW, Hsu CH, Chen LY, et 
al.Comprehensive study on hydrogen sensing properties of a Pd–
AlGaN-based Schottky diode. Int J Hydrogen Energy 2008;33:2986–92. 

[23] Veith GM, Lupini AR. Magnetron sputtering of gold nanoparticles onto 
WO3 and activated carbon. Catal Today 2007;122:248–53. 

[24] Villatoro J, Moreno DL, Herna´ndez DM. Optical fiber hydrogen sensor 
for concentrations below the lower explosive limit. Sens Actuators B 
Chem 2005;110:23–7. 

[25] Wu G, Chen S, Xiao K, Shi J, Shen J, Zhou B, et al. Gasochromic 
windows coated with Pd doped nanostructured WO3 films. J Vac Sci 
Technol 2006;26:1–5. 

[26] Yamaguchi T, Kiwa T, Tsukada K, Yokosawa K. Oxygen interference 
mechanism of platinum–FET hydrogen gas sensor. Sens Actuators A 
Phys 2007;136:244–8. 

[27] T.Kudo, H.Okamoto, K.Matsumoto and Y.Sasaki, Peroxopolytungstic 
acids synthesized by direct reaction of tungsten or tungsten carbide with 
hydrogen peroxide ,Inorg.Chim Acta 111,L27-L28,1986. 

[28] M.J.Madou, S.Roy Morrisson, Chemical Sensing with Solid State 
Devices,chap3:Solid/Gas Interfaces,Academic Press,1989,pp.67-72. 

[29]  M.Bendahan, J. Guerin, R. Boulmani, K.Aguir, WO3 sensor response 
according to operating temperature: Experiment and modeling, Sensors 
and Actuators B ,124, 24-29, (2007). 

 
A. Iraji zad received her PhD degree in surface physics from Sussex 
University in 1990. She is a professor in Physics Department at Sharif 
University of Technology. Her main interest is experimental surface physics, 
thin films and nanotechnology. She is currently involved in research and 
development of gas sensors for domestic application. 
 
S.Fardindoost received her MS degree in physics from Sharif University of 
Technology in Tehran in 2009. Since 2010, she is a PhD student in that 
university and her research fields include surface physics and thin films. 
 
 
 
 
 

 

World Academy of Science, Engineering and Technology
International Journal of Materials and Metallurgical Engineering

 Vol:5, No:4, 2011 

371International Scholarly and Scientific Research & Innovation 5(4) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
at

er
ia

ls
 a

nd
 M

et
al

lu
rg

ic
al

 E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
4,

 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/8
43

.p
df


	v76-1.pdf
	v76-2.pdf
	v76-3.pdf
	v76-4.pdf
	v76-5.pdf
	v76-6.pdf
	v76-7.pdf
	v76-8.pdf
	v76-9.pdf
	v76-10.pdf
	v76-11.pdf
	v76-12.pdf
	v76-13.pdf
	v76-14.pdf
	v76-15.pdf
	v76-16.pdf
	v76-17.pdf
	v76-18.pdf
	v76-19.pdf
	v76-20.pdf
	v76-21.pdf
	v76-22.pdf
	v76-23.pdf
	v76-24.pdf
	v76-25.pdf
	v76-26.pdf
	v76-27.pdf
	v76-28.pdf
	v76-29.pdf
	v76-30.pdf
	v76-31.pdf
	v76-32.pdf
	v76-33.pdf
	v76-34.pdf
	v76-35.pdf
	v76-36.pdf
	v76-37.pdf
	v76-38.pdf
	v76-39.pdf
	v76-40.pdf
	v76-41.pdf
	v76-42.pdf
	v76-43.pdf
	v76-44.pdf
	v76-45.pdf
	v76-46.pdf
	v76-47.pdf
	v76-48.pdf
	v76-49.pdf
	v76-50.pdf
	v76-51.pdf
	v76-52.pdf
	v76-53.pdf
	v76-54.pdf
	v76-55.pdf
	v76-56.pdf
	v76-57.pdf
	v76-58.pdf
	v76-59.pdf
	v76-60.pdf
	v76-61.pdf
	v76-62.pdf
	v76-63.pdf
	v76-64.pdf
	v76-65.pdf
	v76-66.pdf
	v76-67.pdf
	v76-68.pdf
	v76-69.pdf
	v76-70.pdf
	v76-71.pdf
	v76-72.pdf
	v76-73.pdf
	v76-74.pdf
	v76-75.pdf
	v76-76.pdf
	v76-77.pdf
	v76-78.pdf
	v76-79.pdf
	v76-80.pdf
	v76-81.pdf
	v76-82.pdf
	v76-83.pdf
	v76-84.pdf
	v76-85.pdf
	v76-86.pdf
	v76-87.pdf
	v76-88.pdf
	v76-89.pdf
	v76-90.pdf
	v76-91.pdf
	v76-92.pdf
	v76-93.pdf
	v76-94.pdf
	v76-98.pdf
	v76-99.pdf
	v76-100.pdf
	v76-101.pdf
	v76-102.pdf
	v76-103.pdf
	v76-104.pdf
	v76-105.pdf
	v76-106.pdf
	v76-107.pdf
	v76-108.pdf
	v76-109.pdf
	v76-110.pdf
	v76-111.pdf
	v76-112.pdf
	v76-113.pdf
	v76-114.pdf
	v76-115.pdf
	v76-116.pdf
	v76-117.pdf
	v76-118.pdf
	v76-119.pdf
	v76-120.pdf
	v76-121.pdf
	v76-122.pdf
	v76-123.pdf
	v76-124.pdf
	v76-125.pdf
	v76-126.pdf
	v76-128.pdf

