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Abstract 

A highly porous Fe2O3-SiO2 layer prepared using sol-gel and spin-coating methods 

was applied on the surface of a surface acoustic wave (SAW) device for H2S sensing. 

SiO2 in this sensing layer serves as a porous support for dispersing Fe2O3 nanoparticles, 

and Fe2O3 nanoparticles can effectively adsorb and react with H2S molecules. By 

changing the Fe/Si molar ratio in this Fe2O3-SiO2 layer, its pore volume, pore 

distribution and H2S adsorption capacity can be adjusted, the contribution of mass 

loading effect and the elastic loading effect toward the frequency response of the sensor 

can be controlled, and the sensing performance of the sensor can be optimized. The 

optimized sensing response is -4.4 kHz toward 100 ppm H2S, with a good selectivity 

and reproducibility operated at room temperature (25 ℃). 
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1. Introduction 

Hydrogen sulfide (H2S) is highly flammable and toxic, and exists in sewers, well 

water, oil and gas wells and volcanoes [1]. Because of its higher density than that of air, 

H2S is often accumulated in low grounds and enclosed spaces, such as manholes and 

underground warehouses [2,3], which causes potential hazards. Influence of H2S on 

human health depends on the its concentration and exposure time. For example, H2S 

gas with a concentration of 25 ppm can stimulate the trachea or conjunctivitis. Whereas 

with a concentration up to 50 ppm, human olfaction will be paralyzed, which affects 

human judgment. If its concentration is as high as 400 ppm, people will die within an 

hour [4]. Even at its low concentrations, the long-time exposure to H2S gas can do harm 

to human health, ranging from mild headaches, eye irritation, coma or even death [5,6]. 

Therefore, it is critical to develop a reliable and highly sensitive H2S gas sensor. 

Surface acoustic wave (SAW) sensor has been used for H2S sensing due to its high 

sensitivity, fast response, high accuracy, low cost, real-time measurement and wireless 

sensing capabilities [7-9]. The core part of the SAW sensor is a sensitive layer deposited 

on a conventional SAW resonator [10,11]. Any physical or chemical perturbation on 

the sensitive layer, such as mass loading, elastic loading, electrical loading, etc., will 

cause the frequency shift of the SAW resonator. The mass, elastic and electrical loading 

effects refer to the changes of mass, elastic modulus and conductivity of this sensitive 

layer caused by the adsorption of the analyte [12]. Many 
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studies [13-15] showed that key sensing mechanisms of a SAW H2S sensor are changes 

of mass and conductivity of the sensitive layer when the sensor is exposed to H2S gas. 

For examples, Wang et al. proposed a SnO2-CuO composite layer, which improved gas 

sensitivity of SAW H2S sensors due to both mass loading and electrical loading effects 

[16]. While our previous work based on a porous ZnO-Al2O3 nanocomposite layer 

showed that the elastic loading effect can also play an important role in the sensing 

performance of SAW H2S sensors [9]. Thus, it is reasonable to conclude that all the 

three effects may have the contribution toward the response of the SAW H2S gas sensor, 

just as the results revealed by Raj et al. when studying ammonia sensors [17]. However, 

there are few studies which have been focused on understanding of synergistic effects 

among these three factors and further optimizing their effects to enhance the sensing 

performance of a H2S sensor. 

In order to study synergies among the three factors and optimize the response, we 

developed sol-gel Fe2O3-SiO2 composite material as the sensitive layer. This composite 

material has been already applied as dye absorbent, photocatalyst and so on [18]. 

However, few researches focus on its application as the sensitive material for the SAW 

H2S sensor. It is well known that Fe2O3 is an excellent desulfurizer [19]. Thus, Fe2O3 

can act as the active adsorption site for H2S. Sol-gel SiO2 has a highly porous structure 

with abundant mesopores (2-50 nm) and micropores (<2 nm) and it is usually used as 

the catalyst carrier [12]. Therefore, SiO2 can serve as a porous support for dispersing 

Fe2O3 nanoparticles, which results in the porous structure of the Fe2O3-SiO2 sensitive 

layer. This porous structure of Fe2O3-SiO2 allows H2S molecules to diffuse into the 
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mesopores and micropores of this layer and interact with Fe2O3 nanoparticles 

effectively. Previous study indicates that by changing the content ratio of Fe/Si in this 

composite layer, total pore volume and pore distribution of the layer can be adjusted 

[20]. Higher total pore volume of the sensitive layer is beneficial for the mass loading 

and electrical loading effects since more H2S molecules can be adsorbed, which lead to 

the enhancement of the change of the mass and the reaction between the Fe2O3 and H2S. 

Therefore, mesopores and micropores are all beneficial for the mass and electrical 

loading effect. While micropores in the layer also account for the elastic loading effect, 

since the diameter of gas molecules is in an order of sub nanometer, which is 

comparable with micropore size. Thus, when the micropores are filled with the gas 

molecules, the elastic moduli of the film may have a prominent change. Therefore, by 

preparing the Fe2O3-SiO2 composite with different Fe/Si ratios as the sensitive layers, 

the contribution of mass loading, electrical and elastic effects to the responses of the 

SAW H2S sensor can be controlled and optimized. In addition, the synergies among 

these three factors can be also fully understood by carefully analyzing the response 

features. 
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2. Experimental details 

 

Fig. 1. (a) Schematic illustrations of a SAW resonator and its central frequency. The 

scale bar is 50 μm; (b) The transmission feature (S21 parameter) of the SAW resonator; 

(c) The schematic of experimental setup for gas sensing measurement; (d) the dynamic 

working frequency of the coated SAW sensor in a constant environment. 

ST-cut quartz SAW resonators with the center frequency of ~201 MHz had the 

same structure as reported in our previous publication [9] (Fig. 1(a)). The Q factor and 

insertion loss (IL) of the resonator are 3459 and -16.53 dB respectively (Fig. 1(b)). The 

Fe2O3-SiO2 composite layer was prepared by using a sol-gel method. The Stöber 

method was used to prepare silica sol [21], which had a concentration of 0.5 mol/L. 

Fe2O3 sol was prepared by dissolving FeCl3 in deionized water under magnetic stirring 
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and then aged for 24 h at room temperature. The concentration of the obtained Fe2O3 

sol was 0.25 mol/L. The Fe2O3 sol and silica sol were added into a beaker with Fe/Si 

molar ratios of 1:9, 2:8 and 3:7, respectively. The mixed sol was stirred for 1 h to obtain 

a homogeneous solution, and then aged for 24 h. For preparing the composite layer on 

the SAW device, the mixed sol was spin-coated onto the SAW resonator at a speed of 

4000 r/min for 30 s. Then, the coated SAW resonator was immediately annealed in air 

at 400 °C for 2 h to form a Fe2O3-SiO2 composite layer. For convenience, the Fe2O3-

SiO2 composite layers with Fe/Si molar ratios of 1:9, 2:8, and 3:7 were named as 

samples of FS-1, FS-2, FS-3, respectively. The characterization methods for the 

prepared sensing layers can be found in ref. [9,12]. 

The annealed resonators were connected to peripheral circuits to build SAW 

sensors [12]. The frequency signal of a sensor is shown in Fig. 1(d), its working 

frequency fluctuated within ±20 Hz in a period of 10000 s, indicating its excellent 

stability and the noise level was less than 2 ppm. The experimental set-up for gas 

sensing measurement is illustrated in Fig. 1(b). The sensing device was put into a gas 

testing chamber with a volume of 20 L, and then connected to a frequency counter 

(Agilent 53132A) to record the dynamic changes of the resonant frequency of SAW 

sensor. Heaters were mounted right below the resonators and were used to heat the 

devices for assisting the recovery of the sensors. The temperature and humidity in the 

lab environment and testing chamber were controlled at 25 ℃ and 50% by a constant 

temperature and humidity system (AY-HW5K) and all the sensing measurements were 

conducted at these temperature and RH unless otherwise specified. High precision gas-
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tight syringes (Hamilton 1000) were used to collect the testing gases (H2S, NH3, SO2, 

C2H5OH, C3H6O gases diluted to 2 vol% in dry air) from gas sampling bags obtained 

from the NIMTT, China. The collected gas was injected into the testing chamber, and 

the gas concentration in the chamber was controlled by adjusting the injecting volume. 

The response of the SAW sensor was defined as ∆f = fs-f0, where fs is the oscillating 

frequency of the sensor in the test gas mixed in air, and f0 is the oscillating frequency 

in the air, respectively. After the responses were recorded, the tested gas was pumped 

out and pure air was immediately filled into the chamber to allow the recovery of the 

sensor. 
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3. Results and discussion 

3.1. Structural characterization 

 

Fig. 2. SEM images of surface morphology for (a) pure SiO2, (b) FS-1, (c) FS-2 and (d) 

FS-3 layers. Scale bars in images are 1 μm. 

SEM images of the pristine SiO2 layer and Fe2O3-SiO2 composite sensitive layers 

are shown in Fig. 2. The SiO2 layer is uniform, but porous, with an average pore 

diameter of about 10 nm. The Fe2O3-SiO2 composite layer has a porous structure similar 

as that of the SiO2 layer. However, with the increase of Fe2O3 proportion, the 

microstructure of the layer changes and the uniformity of the sensitive layer becomes 
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worsen. Large scale pores and cracks appear on the layer surface. The inset images in 

Figs. 2(a) and 2(c) are the cross-sectional morphologies of the pristine SiO2 and FS-2 

layers. The layers of FS-1, FS-2 and FS-3 samples have the similar cross section 

morphologies. The thickness of the pure SiO2 layer is ~290 nm and those of the FS-1, 

FS-2 and FS-3 layers are ~100 nm. 

Fig. 3. (a) XRD patterns, (b) Raman spectrum, (c) FTIR spectrum, (d) XPS spectrum, 

(e) EDS spectrum of the as-prepared Fe2O3-SiO2 material; (f) EDS spectrum of the as-

prepared Fe2O3-SiO2 material after tested with H2S gas. 

Fig. 3(a) shows XRD spectra of the Fe2O3-SiO2 material. The diffraction peaks 

can be indexed as (012), (104), (110), (113), (024), (116), (018), (214), (300), (208), 

(10-10) crystal planes of the α-Fe2O3. In addition, a broad peak located at about 22° can 

be also observed, indicating the presence of amorphous SiO2. Using the Debye-

Scherrer’s formula [22], the estimated crystal size of Fe2O3 in the layer is ~30 nm. 

Fig. 3(b) shows Raman spectrum of the Fe2O3-SiO2 material. Two peaks are 

identified at 215 cm-1 and 280 cm-1, which are the characteristic peaks of the A1g (225 
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cm-1) and Eg (293 cm-1) modes for the Fe2O3 crystals, respectively [23]. The Raman 

result clearly confirms the presence of Fe2O3 in the prepared sensitive layer, which is 

in consistent with the XRD result. 

Fig. 3(c) shows FTIR spectrum of the Fe2O3-SiO2 material. In the high 

wavenumber spectral range, a wide band between 3600 cm-1 and 2800 cm-1 can be 

attributed to the stretching vibration mode of different hydroxyl groups [24]. The band 

at 1630 cm-1 is related to molecular water, and the band at 960 cm-1 is attributed to the 

stretching mode of non-bridging oxygen atoms [25]. The bands at 796 cm-1, 1046 cm-1 

and the shoulder at 1210 cm-1 are related to SiO2. The bands at 433 cm-1 can be 

attributed to Fe-O bond and 538 cm-1 is related to Fe2O3 [26], which again indicates 

Fe2O3-SiO2 nanocomposite layers were successfully prepared. 

Fig. 3(d) shows XPS spectrum of the Fe2O3-SiO2 material. Peaks of Fe, Si, O and 

C can be identified. The C1s peak is due to surface contamination of carbon compounds 

(CO and hydrocarbons, etc.). The XPS result clearly confirms the presence of Fe2O3-

SiO2 in the prepared sensitive layer. 

Fig. 3(e) shows the EDS result of the as-prepared Fe2O3-SiO2 material, in which 

signals of O, Si, Fe and Cl elements were detected. Among them, Cl signal is from the 

FeCl3 powder when the preparing Fe2O3 sol. The O, Si and Fe element signals are linked 

with the prepared Fe2O3-SiO2 nanocomposite layer. The Fe2O3-SiO2 material was 

further sent to EDS characterization immediately after it was tested with H2S gas. As 

shown in Fig. 3(f), a slight S peak appears in this spectrum, which indicates that Fe2O3 

has reacted with H2S gas molecules to form iron sulfide compound, such as Fe2S3, as 

https://www.sciencedirect.com/topics/engineering/surface-contamination
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reported by previous literatures [27-29]. 

 

Fig. 4. Nitrogen adsorption and desorption isothermals of the (a) FS-1, (b) FS-2 and (c) 

FS-3 materials; (d) Micropore areas and total surface areas of the FS-1, FS-2 and FS-3 

materials. 

Figs. 4(a)-4(c) show the nitrogen gas adsorption and desorption isotherms of FS-

1, FS-2 and FS-3 samples. The BET surface areas of the FS-1, FS-2 and FS-3 samples 

are 179.37 m2/g, 81.29 m²/g and 67.60 m²/g. Whereas the t-Plot micropore areas of the 

FS-1, FS-2 and FS-3 samples are 0.2609 m²/g, 5.1472 m²/g and 8.7366 m²/g (Fig. 4(d)). 

The results indicate that with the increase of Fe2O3 content, the total pore surface areas 

and the pore volumes decrease, whereas the surface area and volume of the micropores 

increase, which are consistent with the SEM results.  
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3.2. Sensing performance and mechanisms 
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Fig. 5. (a) Dynamic frequency responses of FS-1, FS-2, FS-3 sensors to 4 ppm H2S at 

RH = 50% and 25 ℃; (b) Resistance response of FS-2 sensor to 20 ppm H2S gas. 

The dynamic frequency responses of sensors to 4 ppm H2S at RH = 50% and 25 ℃ 

are shown in Fig. 5(a). The frequency response of the FS-1 sensor toward H2S gas is 

negative, e.g., continues to decrease during the exposure process. When the exposure 

time of the sensor toward H2S is 800 s, the response is -1760 Hz. The FS-2 sensor has 

a negative response, too. However, different from the FS-1 sensor, its response is much 

faster, but it will become stable within 60 s with a frequency shift of -1570 Hz. 

Interestingly, the FS-3 sensor initially shows a slightly negative response, then the 

response becomes positive after a short period of time and then keeps increasing up to 

1320 Hz at the exposure time of 800 s. Obviously, these sensors have quite different 

response curves, which indicates that their sensing mechanisms to H2S gas may be 

different.  

After 800 s, the H2S gas was released from the chamber and the sensors were 

exposed to the fresh air to allow the recovery of the sensors. Nevertheless, none of the 

sensors can be fully recovered as shown in Fig. 5(a), which may be due to the strong 

chemical adsorption of H2S gas on these layers. By heating the resonators in the air at 
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200 ℃ for 5 min, and then cooling naturally down to room temperature, the sensors can 

all be recovered, indicating that the H2S molecules adsorbed by the layer has completely 

been removed during this high temperature treatment process. 

The frequency response of a SAW gas sensor is mainly induced by three 

mechanisms, i.e., mass loading effect, elastic loading effect and electrical loading effect 

of the sensitive layer [30,31]. The relationship between the frequency response (Δf) and 

the mass change of the layer is as follows [32]: 

𝛥𝑓 = (𝑘1 + 𝑘2) × 𝑓0
2 × 𝛥𝑚                                         (1) 

where k1=-8.7×10-8 m2skg-1 and k2=-3.9×10-8 m2skg-1 are the material constant, f0=201 

MHz is the center frequency of the SAW resonator, Δf is the change in the layer mass. 

Since k1 and k2 have negative signs, an increase in the mass will result in a negative 

frequency response. 

The relationship between the frequency response (Δf) and the change in the elastic 

modulus of the layer is as follows [32]: 

𝛥𝑓 = 𝑝𝛥𝐸                                                       (2) 

where p is a positive constant, E is the elastic modulus, and ΔE is the change in the 

elastic modulus of the layer. Hence, an increase of elastic modulus of the layer will 

cause a positive frequency response. 

The relationship between the frequency response (Δf) and the change in layer’s 

conductivity is as follows [33]: 

 ∆𝑓 = −𝑓0 ×
𝐾2

2
× ∆(

1

1+(
𝑣0𝐶𝑆
𝜎𝑠

)
2)                                     (3) 

where, K2
 = 0.0011 is the electromechanical coefficient of the piezoelectric substrate, 
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v0=3158 ms-1 is the undisturbed SAW velocity, CS=0.5 pFcm-1 is the sum of the 

dielectric constant of the layer and the area above the substrate, and σs is the 

conductivity of the sensitive layer.  

Fig. 5(b) shows the resistance responses of the FS-2 sensor exposed to 20 ppm 

H2S gas. The resistance does not change, indicating there is no obvious change in σs. 

Hence, the electrical loading effect can be neglected according to the Equation 3. 

Therefore, we can assume that the frequency response of the sensors is mainly 

contributed from changes in mass and elastic modulus of layers, i.e. mass and elastic 

loading effects. 

 

Fig. 6. Schematic diagram of sensing mechanism of (a) FS-1, (b) FS-2 and (c) FS-3 

sensors. 
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The changes in the mass and modulus of the layer are caused by the adsorption of 

H2S molecules in the sensing layer. The Fe2O3 nanoparticles in the composite layer 

have a strong adsorption capacity for H2S molecules and generate sulfides (Fe2S3) as 

shown in Fig. 6. According the EDS results and references [27-29], the reaction 

between Fe2O3 and H2S can be written as follows: 

Fe2𝑂3+3H2𝑆 → 𝐹e2𝑆3+3H2𝑂                                               (4)                                                                                          

This formed Fe2S3 layer (based on Equation 4) covers the surface of the Fe2O3 particles. 

As it is well-known, the Fe2S3 has a higher molar mass than that of Fe2O3, which results 

in an increase of the overall mass of the layer after this chemical reaction. While the 

relative density of newly formed Fe2S3 is 4.3 g/cm³ is lower than the density of Fe2O3 

(5.24 g/cm³). When the Fe2S3 layers with a higher mass but a lower density cover over 

the Fe2O3 nanoparticles, the particles’ total volumes are increased significantly. 

Therefore, the total pore volume in the layer shrinks, resulting in an increase in the 

elastic modulus of the layer [17]. According to Equations (1) and (2), the increase in 

the mass and elastic modulus of the layer caused by the formation of Fe2S3 will lead to 

the negative and positive frequency responses of the SAW sensor, respectively.  

Fig. 5(a) shows that the sensing layer cannot be spontaneously recovered to its 

initial state after the reactions and then exposure to the atmosphere at room temperature. 

This is mainly because the reaction rate between Fe2S3 and O2 (Equation 5) is slow at 

room temperature [32]. However, this can be accelerated at a higher temperature of 

200 ℃. 

2Fe2𝑆3 + 9O2 → 2𝐹e2𝑂3 + 6𝑆O2                                            
(5) 
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Based on the above discussions, both the mass loading and elastic loading effects 

contribute to the frequency responses of the sensors. However, as shown in Fig. 5(a), 

the sensors of FS-1, FS-2, and FS-3 have different response characteristics to H2S. This 

can be linked to the different microstructures of the sensing layers [30,31]. According 

to the BET and SEM results, an increase in Fe2O3 content results in a decrease of the 

total pore volume but an increase of micropore volume (Fig. 2 and Fig. 4). Previous 

studies revealed that the larger volume of pores is beneficial for the diffusion of gas 

into the sensing layer, which helps the interactions between the layer and gas molecules 

[34]. While the changes of micropore volumes accounts for the change of the elastic 

modulus the sensing layer [9].  

For example, the FS-1 sensing layer has the lowest Fe2O3 content, hence the largest 

total pore but the smallest micropore volumes. When it is exposed to H2S gas, H2S 

molecules diffuse into and react with the sensing layer to produce abundant Fe2S3, 

which leads to a considerable increase in the mass of the layer and a slight decrease of 

micropore volume (i.e. slight increase in the elastic modulus). Therefore, the mass 

variation in the layer results in a significantly negative response of the sensor (Fig. 5(a), 

the black line).  

Compared with the FS-1 layer, the FS-2 layer has moderate amounts of Fe2O3, 

which leads to the moderate total pore and micropore volumes (Fig. 6(b)). Thus, the 

reaction between H2S molecules and the sensing layer will cause a less significant 

increase of the mass but a more prominent elastic modulus in the layer compared with 

the FS-1 one. Therefore, there is a competition between the negative and positive 
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frequency shifts of the SAW sensor caused by mass and elastic loading effects, 

respectively. Thus, a final moderate negative frequency response can be observed (Fig. 

5(a), the red line).  

Contrary to the FS-1 layer, the FS-3 layer has the smallest total pores but largest 

micropore volumes (Fig. 6(c)), thus results in the strongest positive frequency of the 

sensor (Fig. 5(a), the blue line). In addition, it is worth noting that this response curve 

shows an initial decrease trend but a later increase trend of frequency changes (the inset 

in Fig. 5(a)). This again clearly reveals the existence of a competition between the mass 

and elastic loading effects.  

Based on above discussion, it can be concluded that the sensing performance of a 

SAW gas sensor can be optimized by adjustment of the contribution of the different 

effects through rational design of pore distribution of the sensitive layer. 

 

Fig. 7. Dynamic frequency responses of (a) FS-1 and (b) FS-2 sensors to H2S with 

different concentrations.  

The FS-1 sensor has the strongest frequency response, while the FS-2 sensor has 

the fastest response, so these two sensors were chosen to conduct the further gas sensing 

measurements. The dynamic responses of the sensors to H2S molecules with different 



18 
 

concentrations (1, 4, 20, 50, 100 ppm) are shown in Fig. 7. For the FS-1 sensor, the 

exposure time of the sensor to H2S gas is ~1000 s, while it is 500 s for the FS-2 sensor 

because of the fast response. The responses of both sensors become stronger as the 

concentration of H2S molecules increases. At a low concentration of 1 ppm H2S, the 

frequency shift of the sensor with FS-1 and FS-2 layers are -1500 Hz and -800 Hz. As 

the concentration of H2S increases up to a level of 100 ppm, the frequency shifts of the 

sensor with FS-1 and FS-2 layers reach -6200 Hz and -4400 Hz, respectively. The 

frequency response and response time as functions of the H2S concentration are shown 

in Fig. 8(a), which reveals that the sensor with the FS-1 sensing layer has a much 

stronger response while the sensor with the FS-2 sensing layer has a much better 

linearity and a faster response. The response times of the sensor with the FS-2 sensing 

layer are all below 200 s within the concentration range of 1-100 ppm, which is much 

faster compared with other SAW H2S gas sensor based on quartz device operating at 

room temperature (Table 1). The recovery of sensors is very slow at room temperature 

as discussed before (Fig.7). 
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Fig. 8. (a) The response and response time of the FS-1 and FS-2 sensors as  functions 

of the H2S concentration; (b) the response of the FS-2 sensor to 50 ppm H2S with 

various RH at room temperature; (c) Dynamic response of the FS-2 sensor to 20 ppm 

H2S gas for 3 consecutive cycles; (d) the responses of the FS-2 sensor to 20 ppm H2S 

gas within 90 days; (e) the response of the FS-2 sensor to 50 ppm CH4, H2, CO, NO2, 

C2H5OH, C3H6O, NH3, SO2 and H2S gases. 

Humidity resistance is a critical parameter for a good gas sensor. The influence of 

the humid condition on the H2S response of the FS-2 sensor was measured under RH 

of 20%, 35%, 50%, 65% and 80% at 25 °C. As shown in Fig. 8(b), the sensor’s response 

changes little with the increase in RH value, indicating the good humidity resistance of 

the sensor. Good reproducibility is also critical for a practical gas sensor. The 

reproducibility of the FS-2 sensor was examined by exposing the sensor to 20 ppm H2S 

for 3 consecutive cycles in an environment of RH = 50% and 25 °C. As the results 

shown in Fig. 8(c), the sensor showed similar responses in the concessive experimental 

cycles, indicating the excellent reproducibility of the sensor. The long-term stability of 

the sensor was further investigated by conducting the sensing test every 3 days within 

a 30-day period. As is shown in Fig. 8(d), the sensor had the similar response during 

the 10 test cycles, indicating the excellent long-term stability of the sensor. 

 

Table 1. Comparison of sensitivity and response time of SAW H2S gas sensor based on 

quartz device. 

https://www.sciencedirect.com/science/article/pii/S0925400519315941#fig0060
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Sensitive 

films 

Response 

time (s) 

Operating 

frequency 

(MHz) 

Concentration 

(ppm) 

|∆𝒇 |  

(kHz) 

Relative 

frequency 

shifta  

(ppm) 

Sensitivityb  

(ppm/ppm) 

Ref. 

CuO >3000 200 2 9 45.0 22.5 [7] 

ZnO-

Al2O3 

~830 200 20 38 190 9.5 [9] 

SnO2 >500 110 7 2.5 22.0 3.1 [13] 

CuO-

Al2O3 

>1000 200 1 15 75.0 75.0 [35] 

PPy >400 123.56 100 0.05 0.04 0.0004 [36] 

Fe2O3-

SiO2 

<200 200 1 0.8 4.0 4.0 This 

work 

a:Relative frequency shift is defined as the ratio of |∆𝑓 | to Operating frequency. 

b:Sensitivity is defined as the ratio of Relative frequency shift to Concentration. 

Our sensor has potential applications in the oil and gas drilling process and 

chemical industry. In these two applications, gases such as CH4, H2, CO, NO2, C2H5OH, 

C3H6O, NH3 and SO2 may be the interferences for the sensor. Therefore, the selectivity 

of the FS-2 sensor was also evaluated by examining its responses toward these gases. 

Fig. 8(e) shows the sensor has no obvious responses to 50 ppm CH4, H2, CO, NO2, 

C2H5OH and C3H6O. While a positive response to 50 ppm NH3 and a negative response 

https://www.sciencedirect.com/science/article/pii/S0925400520310893#tblfn0005
https://www.sciencedirect.com/science/article/pii/S0925400520310893#tblfn0010


21 
 

to 50 ppm SO2 can be observed. These responses are mainly caused by the H2O 

molecules adsorbed on the layer which can capture NH3 and SO2 molecules because of 

the high solubility of these gas molecules in H2O. However, the responses to SO2 and 

NH3 are significantly weaker than that to H2S, indicating the good selectivity of the 

sensor, which can be attributed to the good adsorption capacity of Fe2O3 for H2S [19]. 
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4. Conclusions 

SAW gas sensors based on porous sol-gel Fe2O3-SiO2 sensing layers were 

fabricated and their H2S sensing performance was studied. SiO2 in the layer serves as 

porous support for dispersing Fe2O3 nanoparticles, which can effectively adsorb and 

react with H2S. Increasing Fe/Si molar ratio of the layer results in the decrease of the 

total pore but increase in micropore volumes, which leads to the degradation of mass 

loading effect and the enhancement of elastic loading effect. Consequently, the 

frequency response of the SAW sensor caused by the competitions of these two effects 

can be optimized by rational control the Fe/Si ratio of the composite layer and thus the 

pore distribution of in the layer. For the sensor based on the layer with the Fe/Si ratio 

of 2:8, it has a fast response of -4.4 kHz to 100 ppm H2S gas, as well as excellent 

reproducibility and selectivity.   
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