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Abstract: Pure and strontium(ll)-added BaAl,O, composites were prepared by sol-gel technique and
was investigated for the sensitive properties of volatile organic compounds (VOCs) like benzene and
toluene. X-Ray diffraction, scanning electron microscopy and nitrogen adsorption/desorption
isotherms at 77 K was employed to identify the structural phases, surface morphology, vibrational
stretching frequencies and BET surface area of the composites, respectively. The composites were
prepared with the molar ratios of Ba: Sr as (1.0: 0.0, 0.0:1.0, 0.8:0.2, 0.6:0.4, 0.4:0.6 and 0.2:0.8)
keeping the aluminium molar ratio as constant and were labeled as BaSAl, BaSA2, BaSA3, BaSA4,
BaSA5 and SA respectively. The samples sintered at 900°C for 5 h, were subjected to dc resistance
measurements in the temperature ranging from 27-350°C to study the VOC vapor sensing
characteristics. The results revealed that the sensitivity factor (Ss) increased with temperature up to the
optimum temperature at which maximum sensitivity is obtained and thereafter decreased. The
sensitivity was found to increase with increase in concentration from 100-5000 ppm at their optimum
temperature. Among the composites BaSAS5 showed the maximum sensitivity towards benzene
(St = 60+3) and toluene (Sf = 49+1) at an operating temperature of 150 and 175 °C respectively.
Copyright © 2008 IFSA.

Keywords: Sol-gel growth, Composite materials, Ceramics, Electrical conductivity
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1. Introduction

There has been high demand to develop gas sensors to detect volatile organic compounds (VOCs),
such as benzene and toluene due to their harmfulness to human health and environment [1, 2]. In order
to monitor the dangerous and toxic VOCs, high performance sensors are required that can identify and
measure various kinds and quantitities of VOCs. Several researchers have reported on the use of gas
sensors using metal oxides, polymers etc. In recent years semiconducting oxides like zinc oxide,
aluminum oxide, titanium oxide etc. have been studied extensively and have emerged as economical
sensors for monitoring toxic gases and vapors [3]. The sensitivity of these sensors to gases depends on
the microstructure and this can be achieved by adopting special techniques of preparation or by doping
impurities [4]. The sol-gel technique is considered as the promising technique to prepare commercial
ceramic sensors [5, 6] as it allows for high purity ceramics with homogeneous distribution of
components on the atomic scale. Hence the development of a VOC sensor having higher sensitivity
along with optimization of selectivity, durability and stability that can be operated at lower operating
temperature is the currently undergoing research. Although metal aluminate spinels have been used for
the purpose of humidity sensing [7-9] there are no literatures found regarding metal aluminates and
Sr(Il)-added metal aluminates for VOC sensing. Our previous work on barium aluminates and Sr(ll)
added barium aluminates for humidity sensing were reported in detail [10] and hence the present study
is focused on the benzene and toluene vapor sensing properties of the same composites that was
prepared by sol-gel technology. The main objective of the present work is to study only the effect of
addition of Sr(Il) on barium aluminates rather than the isomorphic substitution. In the present paper
Sr(Il)-added barium aluminate composites prepared by the sol-gel technique were characterized by
X-ray diffraction, scanning electron microscopy, FT-IR spectroscopy and nitrogen
adsorption/desorption isotherms at 77 K. The dependence of electrical response of these composites to
the volatile organic compounds like benzene and toluene was studied.

2. Experimental Procedure

Pure and Sr(ll)-added barium aluminate composites were prepared by a sol-gel route as reported in our
earlier work [10] and the sample codes with corresponding molar ratio compositions are shown in
Table 1. The structural studies were carried out using a Philips X’pert diffractometer for 26 values
ranging from 10 to 80 ° using CuKa. radiation at A= 0.154 nm. The surface morphology of the sintered
porous compacts was determined by a Leo-Jeol Scanning electron microscope at the desired
magnification. The nitrogen adsorption-desorption isotherms of the composites were measured using
an automatic adsorption instrument, Quantachrome Corp. Nova-1000 gas sorption analyzer at 77 K.
The specific surface area (m?/g) of the composites was calculated using BET equation. The pore size
distribution was determined using the BJH method. In addition, the t-plot method [11] was applied to
calculate the micropore volume and external surface area. The total pore volume was estimated as the
liquid volume of the adsorbate at a relative pressure of 0.99.

Table 1. Sample code and activation energy for Sr(l1)-added BaAl,O, composites.

Sample code Molar ratio of Ba:Sr:Al E. (eV)
BaSAl 1.0:0.0:2.0 0.33
BaSA2 0.8:0.2:2.0 0.31
BaSA3 0.6:0.4:2.0 0.28
BaSA4 0.4:0.6:2.0 0.24
BaSA5 0.2:0.8:2.0 0.22

SA 0.0:1.0:2.0 0.29
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To measure the electrical conductance at room temperature, the samples were electrically connected to
a dc power supply and a Keithley 485 picoammeter in series. Given the high resistivity of the materials
under investigation, the potential inaccuracy due to contact resistance is assumed negligible.
Conducting silver paste was employed to ensure the ohmic contacts. The temperature dependent
conductance experiments were carried out to determine the activation energies of the samples using the
linearised form of the expression | = l,exp =" where | was the current, E, the activation energy, k the
Boltzmann constant and T the temperature.

The sensitivity tests were carried out in a testing chamber designed for this study (Fig. 1) that measures
the surface resistance of the samples. The volatile organic compounds such as benzene, toluene,
acetone, hexane and acetic acid of AR grade were used for the sensing purpose. VOCs were injected
by a micro syringe into the test chamber and the sensing characteristics of the sensor were observed by
measuring the electrical resistance change of the sensor when the latter was exposed to VOCs. A
typical injection of 0.3 ml of VOC corresponds to a gas concentration of about 100 ppm [12, 13].
Under the exposure of reducing gases such as benzene, toluene, hexane, heptane and acetic acid, its

resistance decreases. The sensitivity factor S is defined as, S =¥’ where Rgas is the resistance
gas
of the sensor under gas exposure and Ry, is the resistance of the sensor in dry air. Dry air from the
columns containing CaCl, and P,Os (RH 5%) was used throughout the study. Initially dry air was
passed into the test chamber until the constant resistance (Rair) was reached. By injection of VOCs the
resistance decreased and when it becomes constant it was noted as Rgss. Using the above formula, the
sensitivity factor was determined. The resistances of the samples were measured at different
temperatures in the range of 27-350 °C and different concentration levels (100 to 5000 ppm) of VOCs.
All measurements were carried out in an air atmosphere. A dc power supply and Keithley
485 picoammeter was connected to the leads of the pellet through the chamber to read out the potential

applied and the resistance respectively. VVoltage was varied in the range of 2-30 V.

- +

[ ]

-0 4 DC Power Keithley
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+O—— Supply
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—_C L HH|
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Fig. 1. Schematic diagram of the experimental set-up used to measure the VOC vapor responses.
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The long-term stability of the maximum sensitivity composite BaSA5 has been evaluated by
measuring the variation of resistance with time. The phenomenon of sensing VOC vapors depend on
the surface, and the regeneration or deterioration of the surface plays a vital role in the sensing
mechanism. This process was carried out for a total time period of 100 h. Also after a month the
sensitivity to VOC vapors was measured and compared to indicate the stability and durability of the
sensor [12, 13].

The response and recovery times are important parameters to characterize a sensor. The response time
is defined as the time taken to reach 90% of the response when gas is introduced. The recovery time is
the time taken to reach 90% of the recovery when gas is turned off [14]. Initially dry air from the
columns containing P,Os and anhydrous CaCl, was passed in to the chamber through the air inlet by
opening the inlet valve and keeping the outlet also opened till the constant resistance (R,r) was
obtained. This was then followed by injecting appropriate amount of VOC into the test chamber
(Fig. 1) by keeping both the inlet and the outlet valves closed. The resistance dropped suddenly and
reached a saturated level showing a constant resistance (Rgas), after a particular time interval, which is
termed to be a response time. The outlet valve was again opened to release the vapors out by passing
dry air continuously through the inlet valve until the original resistance was reached. The time taken
for this process is termed as recovery time. The response and recovery characteristics were studied for
the composites BaSA1 (pure barium aluminate), BaSA5 (mixed metal oxide composite with higher
sensitivity) and SA (strontium aluminate) for at least three cycles to ensure repeatability.

3. Results and Discussion
3.1. X-Ray Diffraction Studies

The X-ray diffraction patterns of barium aluminate and Sr(ll)-added barium aluminate samples are
shown in the Fig. 2a-f. The XRD pattern of Fig. 2a showed peaks corresponding to a barium aluminate
spinel-like phase (JCPDS: 05-0669). The formation of mixed phases such as 5SrO4Al,0; (JCPDS:
09-38) and SrO2Al,03 (JCPDS: 25-1208) in addition to SrO phase (JCPDS: 01-0886) were observed
with higher amounts of Sr(ll) added. The addition of Sr(ll) retards the growth of the bulk barium
aluminate phase on the surface and forms new phases 5SrO'4Al,03 and SrO2Al,03. This multiphasing
was observed more notably in BaSA5 and was considered as the good criterion for VOC sensing.

3.2. Scanning Electron Microscopy (SEM)

Fig. 3a-c depicts the intergranular porous structure of the composite materials qualitatively. In the
micrographs of barium aluminate (BaSA1) and strontium aluminate (SA) the size of the grains are
larger than that of the Sr(ll1)-added barium aluminate (BaSAbS). This suggests that the addition of a
more amount of Sr(ll) in the barium aluminate can reduce the grain size with the intergranular pores,
leading to microporosity in addition to the presence of mesopores. It is also observed for BaSA5
composite that the grains connect each other and/or aggregate to some extent with well-developed
porosity that is very important to VOC sensing.
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Fig. 2. X-Ray Diffraction pattern of a) BaSAL, b) BaSA2, c) BaSA3, d) BaSA4,e) BaSA5 and f) SA.
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Fig. 3. SEM imag of a) BaSAL, b) BaSA5 and c) SA composite.

3.3. Nitrogen Adsorption/desorption Studies

Fig. 4 represents the nitrogen adsorption/desorption isotherms at 77 K of the barium aluminate
(BaSA1), Sr(ll)-added barium aluminate (BaSA5), which possessed maximum sensitivity, and
strontium aluminate (SA) composites, respectively. The isotherms of BaSA1, BaSA5 and SA showed a
hysterisis effect with the slope of the plateau increasing with a significant increase in the nitrogen
uptake through the entire pressure range. The increase in uptake of nitrogen in the samples is a result
of the major increase in porosity created within the barium aluminate, strontium aluminate and
Sr(I1)-added barium aluminate components. The composite material BaSAS5 exhibited the most
prominent hysterisis effect, which can be characterized by the formation of intergranular pores as a
result of Sr(11) addition. The amount of nitrogen adsorbed increased t0108 cm®/g for BaSAS5, while it
was only 82 and 63 cm®/g for BaSA1 and SA composites, respectively. The BET surface area of
BaSAL and SA composites was 85 m?/g and 78 m?/g, respectively, and it increased to 121 m?/g for
BaSA5 composite. The addition of Sr(ll) retards the growth of the bulk barium aluminate phase,
leading to an increase in the surface area, an enhancement in porosity and an increase in micro and
mesopores. The increase in surface area is due to a decrease in grain size with the addition of Sr(ll) in
the barium aluminate composites as a result of non-isomorphic substitution.
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Fig. 4. Nitrogen adsorption/desorption isotherms of a) SA, b) BaSAL, and c) BaSA5 at 77K.

The pores could be generated within the matrices of three components of barium, strontium and
aluminum oxide, and consequently pores of different dimensions are produced. The micropore surface
area of BaSA1 and SA were 34 and 33 m?/g, respectively, and BaSA5 possessed a comparatively high
micropore surface area of 39 m?/g. The mesopore surface area of BaSA1 and SA was 51 and 44 m?/g,
respectively whereas the mixed metal composite BaSA5 possessed comparatively a high mesopore
surface area of 82 m%g. Thus the addition of Sr(l1) led to a significant increase in micropore and
mesopore surface area and also to the modification of the intergranular pores controlling the range of
surface area.

Fig. 5 shows the pore size distribution of BaSA1, BaSA5 and SA composites. The total pore volumes
of BaSAl and SA were 0.13 and 0.10 cm®/g, respectively, and in case of BaSAG5 it is increased to
0.17 cm®g. The average pore diameters of BaSA1, BaSAS5 and SA composites were 5.99, 4.99 and
5.34 nm, respectively. The average pore diameters obtained from the composites are due to the
formation of intragranular pores within the combination of metal oxides. The decrease in the average
pore diameter for BaSA5 composite can be attributed to the formation of a considerable amount of
micro and mesopores due to non-isomorphic substitution of Sr(Il) in the barium aluminate matrix. The
presence of Sr(l1) retards the growth of bulk barium aluminate phase, leading to an increase in porosity
by introducing more micropores along with mesopores. The values of total pore volume, micro and
mesopore volume and average pore diameter are given in Table 2.
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Fig. 5. Pore size distribution of a) BaSAL, b) SA and ¢) BaSA5 composites.
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Table 2. Surface area parameters of BaSA1, BaSA5 and SA composites.

Surface area parameters BaSAl BaSA5 SA
SgeT (mzlg) 85 121 78
Smic (M*/9) 34 39 34
Simeso (M?/Q) 51 82 44
Total pore volume (cm’/g) 0.13 0.17 0.10
Micropore volume (cm®/g) 0.02 0.02 0.02
Mesopore volume (cm®/g) 0.11 0.15 0.08
Average pore diameter (nm) 5.99 4.99 5.34

Sger BET surface area, Smic micropore surface area, Smeso mesopore surface area

3.4. Gas-sensing Measurements

To determine the optimum working temperature of the sensors, the sensitivities were examined as a
function of temperature ranging from 27-350°C at a concentration of 1000 ppm of benzene and toluene
as shown in Fig. 6 (a-b). 1000 ppm of VOC concentration was selected to be the intermediate
concentration in the studied range of concentration from 100 to 5000 ppm. Each of these curves
showed a maximum sensitivities corresponding to an optimum heating temperature. The sensitivity
increases with increase in temperature from 27°C to a particular temperature at which the maximum
sensitivity is obtained and it was fixed as the optimum temperature and thereafter decreases for all the
composites. It was observed that the sensitivity of the pure BaAl,O4 was lesser than the Sr(ll)-added
composites for both benzene and toluene vapors. It is observed that the sensitivity of the BaSA5
towards VOC:s is the highest which is consistent with the low activation energy of that composite. The
sensitivity at 1000 ppm of benzene increases with operating temperature, and attains maximum at
150°C, and decreases further for BaSA5 composite. Hence the optimum temperature for detecting
benzene vapor was fixed as 150°C. Similarly the optimum temperature for BaSA1 and SA for the
detection of benzene vapor was found to 175 and 200°C respectively. For the detection of toluene
vapor, the optimum temperature for BaSA1, BaSA5 and SA was found to be 175, 175 and 225°C
respectively. The maximum sensitivity of the composite BaSA5 towards benzene and toluene at their
corresponding optimum temperature was 60+3 and 4941 respectively. The increase in sensitivity with
operating temperature can be attributed to the fact that the thermal energy obtained was high enough to
overcome the activation energy barrier of the reaction, while the reduction in sensitivity above 150°C
was due to the difficulty in exothermic vapor adsorption.

It is clear from the Table 3 that varying in the concentration of benzene and toluene from
100-5000 ppm at their respective operating temperatures, the sensitivity increases up to 1000 ppm with
a higher rate of increase in sensitivity and thereafter slows down reaching near equilibrium. At low
concentration sensitivity has a linear relationship with concentration because there may be sufficient
number of pores for benzene or toluene vapor adsorption. At higher concentration range the rate of
adsorption decreases due to less assess of these vapors in to the filled pores leading to less increase in
sensitivity values. The increase in porosity with increase in Sr(ll) content as evidenced from SEM
image and BET studies confirm the presence of more sites for VOCs adsorption, which produces more
charge carriers for electrical conduction. In addition the SEM photographs also reveal that increase in
the strontium addition produces fine grains with smaller dimensions compared with the other
indicating that smaller the grain size higher will be the surface energy and the adsorption capacity.
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Fig. 6. Sensitivity of composites at different temperatures to a) 1000 ppm of benzene
and b) 1000 ppm of toluene.

Table 3a. Sensitivity of the composites to benzene vapor at their respective operating temperature
and at different concentrations.

Composites 100 ppm 500 ppm 1000 ppm 2500 ppm 5000 ppm
BaSAl 15 25 40 46 50
BaSA?2 21 32 45 50 55
BaSA3 27 39 48 55 60
BaSA4 32 44 52 60 66
BaSA5 38 49 60 66 70

SA 19 24 39 44 49

Table 3b. Sensitivity of the composites to toluene vapor at their respective operating temperature
and at different concentrations.

Composites 100 ppm 500 ppm 1000 ppm 2500 ppm 5000 ppm
BaSAl 8 15 29 35 40
BaSA2 12 21 33 39 45
BaSA3 18 27 40 45 50
BaSA4 24 34 42 49 55
BaSA5 29 39 49 55 61

SA 15 20 35 40 45
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It is commonly known that the major adsorption occurs in the micropores (diameter d < 2 nm) while
weaker adsorption occurs in the mesopores (2 < d <5 nm). The results from our studies infer that the
composite that possessed a mixture of micro and mesopores (BaSA5) showed the higher sensitivity
towards VOCs. In this case the adsorption process would have proceeded through a sequence of
diffusion steps from the bulk phase in to the mesopores and then to the micropores. It is observed that
the sensitivity of the composites towards VOC vapors is in the order benzene > toluene that can be
explained on the basis of their molecular size. The molecular size of benzene and toluene is about
0.49 and 0.54 nm [15] respectively and the micropores (d < 2 nm) would be a suitable site for the
adsorption of benzene and toluene vapors. Since the molecular size of benzene is less than that of
toluene, more adsorption of benzene would have occurred in the pores rapidly leading to quite higher
sensitivity factor than that of toluene. In addition a pure microporous or mesoporous material would
not have favored higher sensitivity towards VOCs. Hence for the BaSA5 composite used in the present
work, the presence of considerable mesopore volume behaves as an entrance for the movement of
VVOC molecules from the bulk phase to the inner micropores without any hindrance. Thus during the
diffusion process the presence of mesopore is of great advantage enabling easy assess to the
micropores not only for accelerating the diffusion within micropores but also increasing the
equilibrium coverage of micropore surface. If the composite would have possessed microporosity
alone then the pore blockage might have occurred at the mouth of the pores due to aggregation of
adsorbate molecules or due to the smaller cross sectional area of the micropores. Hence if the diffusion
process were longer then there would be a possibility of pore blocking that could lead to a reduced
adsorption and desorption would be enhanced if mesopores are alone present where the pores are
larger than the molecular size of benzene and toluene. Thus the high sensitivity of BaSA5 can be
explained by the fact that the composite containing considerable mesopore volume leading to the
shortening of the diffusion path of micropores for benzene or toluene adsorption to get easy assess to
the composite interior.

3.5. Resistance Stability of BaSA5 Composite

To investigate the resistance stability of the maximum sensitivity composite BaSA5, we continuously
measured the resistance towards 1000 ppm of benzene and toluene at their respective operating
temperature for 100 h. The stability of the composite MSAS5 towards benzene and toluene is shown in
Fig. 7. It was found that its resistance was stable except a small variation of about 1 x 10° Ohm within
the studied duration for the composite. Also after few months the composites sensitivity to VOCs was
nearly the same with very low variations in sensitivity factor (S¢ = 2-4), indicating good stability and
durability of the sensor prepared [14, 16].

3.6 Response and Recovery Characteristics

Fig. 8 (a-b) presents the transient response-recovery characteristics, which indicated quick dynamic
response of the maximum sensitivity composite BaSA5. The times of response/recovery are defined as
the time required for adsorption and desorption of oxygen ions from the sensor surface to reach
saturation, or to reduce the conductivity back to the initial conductance [16]. The response and
recovery time of BaSA1, BaSA5 and SA towards 1000 ppm of benzene and toluene is given in
Table 4. The quicker response and recovery time of BaSA5 composite may be due to the presence of
higher Sr(Il) content in copper aluminate matrix and the high sensitivity of the composites [14]. Thus
by the addition of Sr(Il) to pure barium aluminate, the response and recovery time for sensing of VOCs
is reduced considerably.
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Fig. 8. Response and recovery plot of BaSA5 composite to a) 1000 pm of benzene and b) 1000 ppm of toluene.
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Table 4. The Response and recovery time of BaSA1, BaSA5 and SA composites
towards 1000 ppm of benzene and toluene.

Benzene Toluene
composite Response time (s) | Recovery time (s) | Response time (s) | Recovery time (s)
BaSA1l 280 270 330 300
BaSA5 260 230 310 240
SA 310 290 340 310

4. Conclusion

A study on the VOC sensing characteristics of pure and Sr(Il)-added BaAl,O, composites prepared by
sol-gel technique has been carried out. The results suggest that increase in the concentration of
strontium can increase the porosity resulting in higher sensitivity values. The XRD patterns suggested
the formation of single phase for barium aluminate composite while multiphasing was observed in the
strontium added barium aluminate composites. It was observed that the sensitivity of the composites to
VOCs was higher at their optimum temperature. The sensing properties of the composites were studied
for different concentrations at their respective operating temperatures and found to be increasing with
increase in VOCs concentration. The increase in surface area and porosity as shown by nitrogen
adsorption-desorption isotherms and pore size distribution, with the presence of both micro and
mesopores, makes the composite BaSA5 to be a better composite among the other composites
prepared to detect benzene and toluene.

Acknowledgements

We thank the Loyola College management and members of the Environmental technology Division,
CLRI for extending constant support throughout the study.

References

[1]. ATSDR (Agency for Toxic Substances and Disease Registry), Toxicological profile for benzene. U. S.
Public Health Service, U. S. Department of Health and Human Services, Atlanta, 1997.

[2]. ATSDR (Agency for Toxic Substances and Disease Registry), Toxicological profile for toluene. U. S.
Public Health Service, U. S. Department of Health and Human Services, Atlanta. 1994.

[3]. H. Yagi, M. Nakata, Humidity sensor using Al,Os, TiO, and SnO, prepared by sol-gel method, J. Ceram.
Soc. Jpn., 100, 1992, pp. 152-156.

[4]. F. J. He, T. Yao, B. D. Qu, J. S. Han, A. B. Yu, Gas sensitivity of Zn doped a-Fe,O3; (SO4, Sn, Zn) to
carbon monoxide, Sens. Actuators B, 40, 1997, pp. 183-186.

[5]. E. Traversa, G. Gnappi, A. M. Gusmano, Ceramic thin films by sol-gel processing as novel materials for
integrated humidity sensors, Sens. Actuators B, 31, 1996, pp. 59-70.

[6]. C.O. Arean, M. P. Mentruit, E. E. Platero, F. X. L. Xamena, J. B. Parra, Sol-gel method for preparing high
surface area CoAl,O4and Al,O3-CoAl,O4 spinels, Mater. Lett., 39, 1999, pp. 22-27.

[7]. A. Laobuthee, S. Wongkasemijit, E. Traversa, R. M. Laine, MgAl,O, spinel powders from oxide one pot
synthesis process for ceramic humidity sensors, J. European Ceram. Soc., 20, 2000, pp. 91-97.

[8]. A. Kipyung, B. W. Wessels, S. Sampath, Spinel humidity sensors prepared by thermal spray direct writing,
Sens. Actuators B, 107, 2005, pp. 342-346.

[9]. J. Judith Vijaya, L. John Kennedy, G. Sekaran and K. S. Nagaraja, Effect of Sr addition on the humidity
sensing properties of CoAl,O4 composites, Sens. Actuators B, 123, 2007, pp. 211-217.

79



Sensors & Transducers Journal, Vol. 96, Issue 9, September 2008, pp. 68-80

[10].J. Judith Vijaya, L. John Kennedy, G. Sekaran, K. S. Nagaraja, Synthesis, characterization and humidity
sensing properties of Sr(I1)- added BaAl,O, composites, Sens. Actuators B, 124, 2007, pp. 542-548.

[11].S. J. Gregg, K. S. W. Sing, Adsorption, surface area and porosity, Academic Press, London, 1982,
pp. 100-125.

[12].J. Judith Vijaya, L. John Kennedy, G. Sekaran, K. S. Nagaraja, Methanol sensing behavior of strontium(ll)
added MgAIl,O, composites through solid-state electrical conductivity measurements, Sensors and
Transducers Journal, 74, 2006, pp. 864-873.

[13].P. Suman, L. Huo, Z. Huo, S. Gao, Thick film of Cry4TiyOs perovskites prepared by combustion technigque
for alcohol sensing application, Sens. Actuators B, 2006 (article in press).

[14].J. Judith Vijaya, L. J. Kennedy, G. Sekaran, K. S. Nagaraja, Utilization of Sr(ll)-added Calcium aluminate
for the detection of volatile organic compounds, Indus. Eng. Chem. Research, 46, 2007, pp. 6251-6258.
[15].R. Tahery, J. Satherly, H. Modarress, Scaled particle theory: Relationships between compressibility,

surface tension and molecular diameter. Cell. Mol. Biol. Lett., 9, 2004, pp. 129-132.

[16].K. Arshak, I. Gaiden, Development of a novel gas sensor based on oxide thick films, Mater. Sci. Eng. B,

118, 2005, pp. 44-49.

2008 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http:/Awww.sensorsportal.com)

IEEL
ﬂ FiiRd R P
SoChrly

SAS-2008

12-14 February 2008

710

"

SENSORS APPLIGATIONS
oYMPUSIUM

WWW.Sensorapps.org

Atlanta, Georgia, USA

The 2008 IEEE Sensors Applications Symposium (SAS-2008) provides an established forum for
sensor users and developers to meet and exchange information about novel and emergent applications
in smart sensors, homeland security, biology, system health management, and related areas.
Collaborate and network with scientists, engineers, developers and customers, in a balance of formal
technical presentations, workshops, and informal interface meetings. The symposium will be hald at the
Holiday Inn Atlanta Capitol Conference Center.

For additional information, contact:

Shreekanth Mandayam, Chris Dyer,
General Chair Conference Administrator

1 (856) 256-5333 +1 (785) 783-5520
shreek(@ieee.org cdver@conferencecatalysts.com

Register at www.sensorapps.org

80



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 6-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’'s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media Kkit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2008.pdf



“ A five-day advanced engineering course SMHHISES
10-14 Nﬂucmh{.r EIDIDH Bdrl:{‘mr'lﬂ Spain

WWW.SEHSOI'SPQI"IE'.COM




