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A B S T R A C T

The polycrystalline perovskite SmMO3 (M=Al, Cr, Co) sensing electrode was synthesized by the sol-gel method,
and the NASICON-based sensors attached with SmMO3 were designed and fabricated for triethylamine (TEA)
detection. This study investigated the effects of different M3+ ions in SmMO3 and various calcination tem-
peratures of the sensing material on TEA sensing properties. The results reveal that compared with the other
devices, the sensor attached with SmCrO3 sintered at 800 °C displays a higher response value (−108.2mV)
towards 100 ppm TEA, and that the sensor even detects 2 ppm TEA with an acceptable value (−6mV). The
sensor utilizing SmCrO3 (800 °C) also exhibits pretty swift response and recovery times of 2 and 22 s, respec-
tively, toward 20 ppm TEA. A linear relationship exists between the response values and the logarithm of TEA
concentrations, and the sensitivity is −64mV/decade. At the same time, good repeatability, selectivity, and
long-term stability of the sensor are also observed. Furthermore, the sensing mechanism related to the mixed
potential model is demonstrated by the polarization curve measurements.

1. Introduction

Triethylamine (TEA), a colorless transparent liquid with a strong
fishy malodor, is one of the most noteworthy organic amines and has
been widely used as catalyst, preservative, organic solvent and syn-
thetic dye [1]. Under natural conditions, TEA is typically extracted from
wastewater, dead fish and other sea creatures, and its concentration
increases significantly with the prolonged decomposition time of dead
marine products [2]. Considering the intense volatility, inflammability
and toxicity of TEA, more attention should be put into this dangerous
organic compound. An explosive mixture emerges once the TEA steam
mixes with air, and this perilous event is aggravated when the mixture
gas is exposed to a naked flame [3]. In addition, TEA negatively affects
human health. TEA can induce skin burns, ocular irritation and re-
spiratory difficulty to individuals commonly exposed to TEA. Moreover,
long-term continuous exposure to TEA can even lead to abnormal em-
bryonic development [2]. OSHA (Occupational Safety and Health Ad-
ministration) stipulated that the TEA concentration in air should be
under 10 ppm on a volumetric basis (ppmV) to avoid the potential
health risk [4,5]. It is urgent to develop highly sensitive TEA sensor for
the biomedicine, chemical industries and sea food detection due to the

hazards imposed by TEA on human health and the living environment.
Currently, there are several TEA detection methods available, in-

cluding chromatography [6,7], electrochemistry analysis [8,9] and
colorimetric method [10]. These detection methods have demonstrated
their outstanding sensing properties. However, the expensive equip-
ment and complex manipulation restrict their extensive application.
Thus, a reliable and convenient gas sensor aiming at the real-time TEA
monitoring is urgently demanded for practical application. Fortunately,
the solid-electrolyte-type gas sensors featuring miniaturization, good
cross-selectivity and steady sensing properties, have been regarded as
the most written topic for hazardous gas detection. Among various solid
electrolytes, NASICON (sodium super ionic conductor) presents a high
ionic conductivity between 200 °C and 500 °C and has attracted the
attention of numerous researchers. The NASICON-based sensors usually
work at the intermediate temperature zone and the low working tem-
perature means fewer operating costs [11]. NASICON-based gas sensors
have been developed to monitor multifarious hazard gases, including
Cl2 [12,13], H2S [14], SO2 [15,16], NH3 [17] and VOCs [2,18]. Al-
though this type of sensor has a wide monitoring scope for toxic gas,
however, few researchers explored the application of NASICON-based
gas sensors for TEA monitoring in the past several decades. Thus,
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developing a NASICON-based gas sensor for TEA detection was thought
of as a meaningful task.

The sensing performance of the NASICON-based sensor was strongly
affected by the electrochemical catalytic activity of electrode toward
the target gas. Therefore, choosing and exploiting the appropriate SE is
considered to be a research emphasis. To date, the perovskite composite
oxides, one of the most important electrocatalytic materials, have been
developed as sensing materials for the gas sensor at both high and in-
termediate working temperatures [19–21]. For the mixed-potential-
type gas sensor, the different elementary compositions in A-site or B-
site play a vital role in gas sensing characteristic for the sensing elec-
trode [22–24]. As a Sm-based perovskite, SmCrO3 has been investigated
in the magnetometric property [25–27]. Maike Siemons et al. synthe-
sized SmCrO3 by the polyol-mediated method to measure its con-
ductance and sensing properties toward H2, CO and NOx [28]. As of
today, there are still no reports about the application of SmCrO3 in TEA
detection. In this study, we fabricated the NASICON-based gas sensor
utilizing SmMO3-SE (M=Al, Cr, Co) prepared by a facile sol-gel
method, and compared the sensing characteristics of different sensing
materials toward TEA detection. Furthermore, more sensing properties
of the sensors were systematically measured and the sensing me-
chanism was discussed.

2. Experimental

2.1. Preparation of the electrolyte and sensing materials

All the reagents in this experiment were of analytical-grade purity
(Beijing Chemicals Co. Ltd.) and used as received without any further
purification.

Solid-state electrolyte NASICON (Na3Zr2Si2PO12, x= 2) powder
was synthesized by the sol-gel method. In the synthesis process of
NASICON, ZrO(NO3)2·8H2O, NaNO3, (NH4)2HPO4 and Si(C2H5O)4 were
used as the raw materials. First, Si(C2H5O)4 was mixed with the deio-
nized water and ethanol at a specific volume proportion (1:0.717:1). It
was stirred at 50 °C for 1 h until a transparent solution was formed.
After that, the mixture was dropped into the prepared ZrO(NO3)2·8H2O
solution and stirred at 80 °C for 30min, and NaNO3 solution and
(NH4)2HPO4 solution were added in the same manner. The white and
viscous sol was obtained after 4 h of stirring at 80 °C. The sol was then
aged and dried in the dry oven, and the obtained solid gel was pre-
calcined at 400 °C for 4 h. Finally, the resultant NASICON precursor
powder was pressed into the pellets and sintered at 900 °C for 9 h to
obtain the NASICON powder.

SmCrO3 powder was successfully prepared by the sol-gel method. In
a typical procedure, 2.2225 g Sm(NO3)3·6H2O (samarium nitrate hex-
ahydrate) and 2 g Cr(NO3)3·9H2O (chromic nitrate nonahydrate) were
mixed in 20ml deionized water according to the certain proportion (n
(Cr3+): n(Sm3+)=1:1) and continuously stirred until both salts were
completely dissolved. 6.3 g Citric acid (CA) was simultaneously dis-
solved in 20ml deionized water at a fixed stoichiometric quantity. The
CA solution was then added into the mixed nitrate solution and the
obtained mixture was stirred at 80 °C. After a green gel formed, the
product was placed in the drying oven to eliminate any residuary water.
Subsequently, the obtained xerogel precursor was pre-calcined at
400 °C for 4 h. Finally, the products were sintered at different calcina-
tion temperatures (700 °C, 800 °C, 900 °C) for 2 h to obtain SmCrO3

powders. In addition, SmMO3 (M=Al and Co) sensing materials were
also prepared using the same procedure.

2.2. Sample characterization and sensing performance tests of gas sensor

The elementary composition and the crystal phase of SmMO3

(M=Al, Cr, Co) were analyzed by Rigaku wide-angle X-ray powder

diffraction (XRD, D/max rA, using Cu Kα radiation at wave length=
0.1541 nm) at the range of 20°–80°. Field-emission scanning electron
microscopy (FESEM, JEOL JSM-7500F, with an accelerating voltage of
15 kV) was used to observe the grain size and morphology of the
samples.

The structure of the sensor using the alumina tube is shown in
Fig. 1. 0.5 g NASICON powder was mixed with a minimum quantity of
deionized water (about 0.5ml). After 20 min’s grinding in the agate
mortar, the resultant paste was covered on the clean alumina tube
surface by a fine brush to form a smooth NASICON film. The above-
mentioned process was repeated twice to ensure the thickness (about
0.5 mm) of NASICON film.

Subsequently, the tube with NASICON layer was pre-calcined at
600 °C for 1 h, and then calcined at 900 °C for 6 h. By applying com-
mercial gold ink, several narrow ring-shaped Au electrodes were con-
nected and manually formed on two ends of the NASICON thick film
using a small brush. Pt wire was attached to the Au electrode as the lead
wire. Then, the tube was sintered at 800 °C for 30min. After one end of
the ring-shaped Au electrode was covered with SmMO3 paste, the
sensor was sintered at 600 °C for 4 h. Finally, a Ni−Cr alloy coil was
introduced as a heater into the alumina tube so that the operating
temperature could be controlled by adjusting the heating current. The
gas sensing properties of the fabricated sensor were measured ac-
cording to a conventional static method [29], and the sensing signal
was recorded by a computer linked with a digital electrometer (Rigol
Technologies, Inc, DM3058, China). The electrochemical impendence
curves were measured by an electrochemical interface and impedance/
gain phase analyzer (Solartron SI 1287 and SI 1260). The different
concentrations of target gases were prepared by the static liquid gas
distribution method. A certain amount of TEA or other solvents were
injected into the chamber via a special airlock at side of the chamber
using a microsyringe, and the ventilators in the chamber worked
quickly to evenly distribute the test gases in the chamber. The con-
centrations of target gas were calculated using the following formula.

= V
M V

C 22.4* * *
*

1

2

Here, C (ppm) is the target gas TEA concentration; ρ (g/mL) is the liquid
density; φ is the required gas volume fraction; V1(μL) and V2(μL) are
the volumes of the liquid and the chamber, respectively; and M (g/mol)
is the molecular weight of the liquid [33]. The polarization curves at
the range of 0mV to −120mV were carried out by an electrochemical
workstation (CHI600C, Instrument corporation of Shanghai, China)
measuring in the different concentrations of target gas.

Fig. 1. Schematic diagram of the present gas sensor.
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3. Results and discussion

3.1. Characteristics of the sensing materials

To confirm the elementary composition and crystalline phase of
synthesized products SmMO3 (M=Al, Cr, Co), X-ray diffraction (XRD)
was performed and the result is displayed in Fig. 2. Fig. 2(a) displays
the XRD patterns of the SmMO3 (M=Al, Cr, Co) sintered at 800 °C. The
obtained SmAlO3, SmCoO3 and SmCrO3 are in accordance with JCPDS
PDFs (#29–83, #25–1071 and #39–262) without any impurity peaks.
All the obtained products are assigned as the orthorhombic structure
and exhibit the sharp reflection peaks. The XRD patterns of SmCrO3

powder sintered at different temperatures (700 °C, 800 °C, 900 °C) are
exhibited in Fig. 2(b). The reflection peaks become sharper with the
increased calcination temperature, suggesting that the crystallinity of
the samples is improved at higher sintering temperatures.

The grain sizes and surface microstructures of the sensing electrode
materials are shown in Fig. 3. Fig. 3(a–c) display the SEM images of
SmMO3 (M=Al, Co, Cr) sintered at 800 °C. The morphologies of the
synthesized sensing materials contain numerous particles with equal
size and reveal a porous structure. The porous structure of SE is bene-
ficial for the proposed sensor, because it promotes the convenient gas
diffusion process when TEA molecules pass through the sensing mate-
rial. The SEM images of SmCrO3 sintered at different temperatures are
exhibited in Fig. 3(c–e). The grain size of the sensing material calcined
at the higher temperature remains larger. The sensing material SmCrO3

sintered at 800 °C has a better porosity than that of SmCrO3 sintered at
other temperatures (700 °C and 900 °C) according to the SEM images.

3.2. Sensing performances of the sensors

To investigate the effect of different B-site elements on the gas
sensing characteristic, the sensor utilizing SmMO3 (M=Al, Cr, Co)
sintered at 800 °C was measured toward 100 ppm TEA, and the result is
displayed in Fig. 4(a). The sensor utilizing SmCrO3-SE exhibits the
highest response value (−108.2 mV) out of all the sensors. The fol-
lowing analysis highlighted the sensor using SmCrO3-SE. The response
values of the sensor using SmCrO3-SE sintered at the different tem-
peratures (700 °C, 800 °C, 900 °C) are compared in Fig. 4(b). The sensor
with SmCrO3 (800 °C)-SE displays a higher response value than the
other two sensors. Overall, the sensor utilizing SmCrO3 (800 °C)-SE
exhibits the best sensing characteristic for TEA. Hence, considerable
attention is paid to investigate the sensing properties of the sensor
utilizing SmCrO3 (800 °C)-SE.

The sensing mechanism of NASICON-based sensors using SmMO3-
SEs should keep in accordance with the mixed-potential theory [30,31].
Based on the mixed-potential theory, the fabricated sensor can be seen
as the following electrochemical cells:

In air: O2 in air, SmMO3, Au | NASICON | Au, O2 in air
In TEA: (C2H5)3N+O2, SmMO3, Au | NASICON | Au,

(C2H5)3N+O2

Anodic reaction: 2(C2H5)3N+39Na2O→N2+78Na++12CO2

+15H2O+78e− (1)

Cathodic reaction: 78Na++78e−+39/2O2→39Na2O (in NASICON)
(2)

When the sensor is exposed to the target gas, both the sensing
electrode (SE) and the reference electrode (RE) are in the TEA atmo-
sphere, and the electrochemical Reactions (1) and (2) occur simulta-
neously and form a local cell. In the case of the mixed-potential sensor,
the dynamic balance is attained when the rates of two electrochemical
reactions are identical, and the electrode potential at the SE is regarded
as the mixed-potential value at this moment. The potential difference
ΔV between SE and RE is recorded as the sensing signal [32].

The influence of the calcination temperature in the sensing char-
acteristic of SE can be divided into two factors. On the one hand, the
sensing material sintered at the different temperatures displays the
different microstructure. According to SEM images, the sensing mate-
rial SmCrO3 (800 °C) has a relatively larger pore aisle, which allows
TEA gas to pass through the aisle faster and avoids the loss in the gas
diffusion process. This means, the sensing material with the wider pores
is assumed to offer less gas molecule loss by diffusion before reaching
the reaction site of mixed potential generation. On the other hand, the
calcination temperature could also affect the electrochemical catalytic
activity of SE. To prove this hypothesis, the polarization curve of the
sensor utilizing SmCrO3 sintered at the different temperatures in
100 ppm TEA was measured, and the result is exhibited in Fig. 5(a). The
slope of the sensor attached with SmCrO3 (800 °C)-SE is higher, and a
higher slope implies a greater catalytic activity. The results indicate
that the different calcination temperatures critically affected the cata-
lytic activity of the sensing material SmCrO3. Moreover, this influence
is also displayed by the sensing performance of the present sensor,
hence, the response value of the sensor attached with SmCrO3 (800 °C)
is higher than that of the rest.

B-site elements are typically a significant factor in the electro-
chemical catalytic activity for the perovskite-type composite oxide
[27,39]. Nguyen Duc Tho et al investigated the effect of different B-site
elements in the perovskite composite oxide LaMO3 (M=Mn, Fe, Co,
Ni) on the sensing characteristic of YSZ-based sensor toward various
gases of NO2, NO, CO, C3H8 and CH4. The presence of different ele-
ments can result in the enhanced absorbed-oxygen formation reaction
on the perovskite particle surface, and a weakened gas-catalytic

Fig. 2. (a) XRD pattern of synthesized SmMO3 (M=Cr, Co, Al) sintered at
800 °C; (b) XRD pattern of SmCrO3 sintered at different temperature (700 °C,
800 °C, 900 °C).
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reaction. This phenomenon could lead to the electrochemical catalytic
property difference of sensing material toward the target gas. As the
result, the different potential response values of the sensors were ob-
served. To investigate the reason that the sensor using SmCrO3-SE
(800 °C) displayed more superior sensing properties than those of sen-
sors using other SEs (SmAlO3 and SmCoO3) and validate the mixed
potential mechanism, the polarization curves and complex impedance
curves of the fabricated devices were measured. Fig. 5(b) compares the
polarization curves of the sensor utilizing SmMO3 (M=Al, Cr, Co) in
the sample gas (100 ppm TEA+air). The current of the sensor using
SmCrO3-SE is shifted upward to higher values and shows a larger slope
than that of other two sensors. As such, the sensor utilizing SmCrO3-SE
has the highest electrochemical catalytic activity on the whole elec-
trochemical reaction occurring on SE. The obtained curves result from
the combination effect of both the anodic electrochemical Reaction (1)
and the cathodic electrochemical Reaction (2) for the present sensors.
The larger slope indicates that the sensor utilizing SmCrO3-SE owns the
stronger catalytic property towards the sample gas. In this case, the
sensor with SmCrO3-SE exhibits a higher response value than those of
the sensor utilizing other SEs.

To verify this result, the complex impedance curve is tested to
compare the electrocatalytic performances of different sensing mate-
rials. Fig. 5(c) displays the electrochemical impedance curves of the
sensors utilizing SmMO3 (M=Al, Cr, Co) toward 100 ppm TEA. Ac-
cording to the previous reports [33,34], the resistance at a higher fre-
quency (the smaller semicircle) is generally considered to be the in-
terfacial charge transport resistance between the electrolyte and SE,
which suggests the charge transfer speed. As for the resistance at a
lower frequency 0.1 Hz (the larger semicircle), this is related to War-
burg resistance resulting from the ion diffusion behavior, indicating the
gas molecule diffusion speed of disparate sensing materials [35–37].
The sensor utilizing SmCrO3-SE displays the smaller semicircle in both
high-frequency and low-frequency regions from Fig. 5(c). This means
that the sensor utilizing SmCrO3-SE owns the quickest electron trans-
port speed and gas molecule diffusion speed, resulting in the strongest
electrochemical catalytic activity. This result is also consistent with the
polarization curve in Fig. 5(b). The faster electron transport and gas
molecule diffusion speeds lead to the enhanced electrochemical reac-
tion process. They also demonstrate that the current curve of the sensor
using SmCrO3-SE owns the larger slope and reaches the higher value. At

Fig. 3. SEM images of SmMO3 (M=Al, Cr, Co). (a) SmAlO3 sintered at 800 °C; (b) SmCoO3 sintered at 800 °C; (c) SmCrO3 sintered at 800 °C; (d) SmCrO3 sintered at
700 °C; (e) SmCrO3 sintered at 900 °C.

Fig. 4. (a) The response value of the sensor utilizing SmMO3 (M=Al, Cr, Co)
sintered at 800 °C towards 100 ppm TEA; (b) The response value of the sensor
utilizing SmCrO3 sintered at different temperature (700 °C, 800 °C, 900 °C) to-
wards 100 ppm TEA.
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the same time, the semicircle size sequence is the same as the response
value order of the sensors toward 100 ppm TEA. The sensing material
SmMO3 was prepared with the same method and condition, and dif-
ferent B-site elements on the chemical properties of sensing materials
are investigated. For the present sensors, SmCrO3 sintered at 800 °C
displays a stronger catalytic activity than those of the other two kinds of
sensing material. This is revealed by both the polarization curve and the
complex impedance curve. Therefore, when the approximate operating
condition ensures the similar kinetics process of electrochemical reac-
tions, it was determined that B-site element Cr3+ promoted the cata-
lytic activity of the perovskite SmMO3, resulting in the improved sen-
sing performance of the present sensor.

Moreover, the polarization curves of the sensor attached with
SmCrO3-SE were measured in atmospheres containing air and different
concentrations of TEA (20, 50 and 100 ppm) and the result is shown in
the Fig. 5(d). The intersection value of the cathodic curve and anodic
curve was generally consistent with the response value observed in the
experimental test, thereby confirming the mixed-potential mechanism.
The comparison of mixed-potential estimated values and the observed
values was exhibited in the practical experiment in Table 1. This reveals
that both values remained nearly consistent for present sensors, further
validating that the present sensor using SmCrO3-SE adheres to the
mixed-potential mechanism [38,39].

The operating temperature has a prominent impact on the sensing
properties of the NASICON-based sensors. So the sensor attached with
SmCrO3 (800 °C)-SE was measured toward 100 ppm TEA at the different
operating temperatures (350 °C–500 °C), as shown in Fig. 6. The

temperature dependence behavior presents the inverted volcano-shape
tendency, and the highest response value (−108.2mV) is obtained at
450 °C. The probable reason would be set forth as follows. For the
NASICON-based sensor, a sufficient energy supply must be guaranteed
to achieve a smooth electrochemical reaction process. When the oper-
ating temperature is below 450 °C, the temperature is not high enough
to enable high kinetics of potential forming electrochemical reactions at
the given activation energy. As the operating temperature increases, the
electrochemical reaction is enhanced and the improved response value
is observed. However, when the temperature is beyond 450 °C, the re-
duced response value is observed for the present sensor. This situation
is caused by two factors: physical gas desorption and the chemical
oxidation process [42,43]. On the one hand, as the operating tem-
perature increases, the TEA desorption process begins to take up the
dominant position, reducing a smaller amount of TEA participating in
the electrochemical reaction. Consequently, the potential forming re-
action was weakened. On the other hand, the higher operating tem-
perature can result in a more violent chemical oxidation reaction for
TEA gas in the diffusion process. The gas loss from the transport process
is also responsible for the reduced electrochemical reactions. Finally,
both factors lead to the TEA gas loss and reduce the electrochemical

Fig. 5. (a) Polarization curves of the sensors
utilizing SmCrO3 sintered at different tem-
peratures (700 °C, 800 °C, 900 °C) toward
100 ppm TEA; (b) Polarization curves of the
sensors utilizing SmMO3 (M=Al, Cr, Co) sin-
tered at 800 °C toward 100 ppm TEA; (c)
Electrochemical impedance curves for the
sensors attached with SmMO3 (M=Al, Cr, Co)
toward 100 ppm TEA; (d) Polarization curves
exposed to different concentrations of TEA (20,
50 and 100 ppm) and air for the sensor at-
tached with SmCrO3 sintered at 800 °C.

Table 1
Comparison of the mixed-potential estimated and the potential difference value
observed for the sensors attached with different SEs.

Sensors TEA
Conc.
(ppm)

Potential difference
value (observed)
(mV)

Potential difference
value (estimated)
(mV)

SmAlO3(800 °C)-SE 100 −56 −56
SmCoO3(800 °C)-SE 100 −46.5 −47
SmCrO3(800 °C)-SE 100 −108.2 −107
SmCrO3(800 °C)-SE 50 −94.5 −93.9
SmCrO3(800 °C)-SE 20 −76.3 −78

Fig. 6. The response values of the sensor attached with SmCrO3 (800 °C)-SE at
different operating temperatures (350 °C–500 °C).
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reaction, thus the response value of the sensor toward TEA is once again
decreased. At 450 °C, both the demanded energy and TEA adhering
amount for the reaction process achieve a balance so that the highest
response value of the fabricated sensor is observed. In conclusion,
450 °C is considered to be the optimal operating temperature and all the
subsequent sensing performance tests of the sensor with SmCrO3-SE
(800 °C) would be operated at 450 °C.

To explore the detailed sensing properties of the sensor with
SmCrO3 (800 °C)-SE in detail, the response and recovery transient

curves were examined during 2–100 ppm TEA, as shown in Fig. 7(a).
The same measurement time was maintained in every testing condition
including air and various concentrations of TEA. The response signals in
the TEA atmosphere at the final time marking were recorded to ensure
accuracy. The response signals of the sensor changed quickly upon
switching on- and off-TEA at 450 °C, indicating a swift response and

Fig. 7. (a) The response and recovery transient curves for the sensor utilizing
SmCrO3 (800 °C)-SE towards different concentrations of TEA at the range of
2–100 ppm at 450 °C and the response and recovery speed at 20 ppm TEA
(inset). (b) Dependence of ΔV on logarithm of TEA concentrations at the range
of 2–100 ppm for the sensor attached with SmCrO3 (800 °C)-SE.

Table 2
Comparison of the sensing performance of the present sensor and that of de-
vices reported in literatures.

Sensing material TEA Conc.
(ppm)

Response value Low detection
(ppm)

Refs.

SmCrO3 100 −108.2mV 2 This
work

ZnO micropyramids 50 45(Ra/Rg) 2 [41]
Zn2SnO4 100 37(Ra/Rg) 5 [41]
ZnFe2O4/α-Fe2O3 100 42.4 (Ra/Rg) 30 [44]
Zn-doped In2O3 50 36 (Ra/Rg) 5 [45]
α-Fe2O3 microrod 500 41.9 (Ra/Rg) 20 [46]
polyaniline hybrid 100 69 (Ra/Rg) 10 [47]
NiO/SnO2 hollow

sphere
10 48.6 (Ra/Rg) 2 [48]

NiMoO4 100 −85mV 0.1 [49]

Fig. 8. (a) Continuous response-recovery transient curves towards 100 ppm
TEA for the sensor attached with SmCrO3 (800 °C). (b) The cross-sensitivities of
the sensor utilizing SmCrO3-SE to different concentrations of various gases at
450 °C.

Fig. 9. Long-term stability of the sensor attached with SmCrO3 (800 °C) towards
100 ppm TEA during 15 days.
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recovery rate. When the sensor was exposed to 20 ppm TEA, the 90%
response and recovery times were approximately 2 and 22 s, respec-
tively. The response value ΔV of the sensor toward 100 ppm TEA
reaches as high as -108.2mV. Even toward 2 ppm TEA, the response
value of the present sensor can still reach −6mV, indicating the sensor
can detect the low concentrations of TEA. Fig. 7(b) shows that the
sensitivity almost linearly depends on the logarithm of TEA con-
centration in the range of 2–100 ppm for the present sensor, and a slope
of −64mV/decade is achieved. This linear relationship is confirmed to
be consistent with the mixed-potential mechanism [40]. The sensing
properties between the fabricated sensor and the sensors reported in the
previous literature are listed in Table 2. The response value unit of the
mixed-potential type sensor is given in mV, and the sensitivity of the
metal-oxide-semiconductor type gas sensor is recorded as S (S=Ra/Rg,
Ra is resistance of the sensor in the air, Rg is the resistance of the sensor
in the target gas). The fabricated sensor displays a good detectability for
the TEA gas with a pretty low detection limit (2 ppm). These char-
acteristics illustrate that the present sensor has a promising prospect in
the TEA detection.

Seven testing cycles of repeatable response-recovery transient from
the present sensor were measured toward 100 ppm TEA at 450 °C. As
shown in Fig. 8(a), the response signal is effectively reproduced and the
response value change is insignificant. The maximum response value
change is only 4mV, signifying the repeatability potential of the fab-
ricated sensor. Moreover, the cross-selectivity toward different con-
centrations of interfering gas is measured for the present sensor in
Fig. 8(b). Various gases including NOx, NH3 and acetone at the specific
concentrations (10 ppm and 100 ppm) are tested under the same test
condition. The fabricated sensor exhibits the higher response values
toward TEA than other interfering gases at both 100 ppm and 10 ppm.
Overall, the present sensor displays good selectivity toward most in-
terfering gases.

To quantitatively elucidate the change amplitude of ΔV during the
15 days operating period, the long-term stability of the present sensor
was measured toward 100 ppm TEA during 15 days, and the change
rate of response value called ΔVs is calculated according to the equation
ΔVs= (ΔVn -ΔV1)/ΔV1×100% (ΔV1 is the response value of the pre-
sent sensor on the first day, and ΔVn is on behalf of the response value
on the nth day). As shown in Fig. 9, the response values of the fabri-
cated sensor toward 100 ppm TEA remain consistent, and the result
indicates that ΔVs is under 15% from beginning to end. This slight
change shows consistency of the transients, and the present sensor
shows great stability over the period of 15 days.

4. Conclusion

The NASICON-based sensors utilizing SmMO3-SE (M=Al, Cr, Co)
prepared by the sol-gel method are fabricated and investigated aiming
at TEA detection. The effects of different B-site elements and different
calcination temperatures of the sensing material on sensing properties
were assessed. The result indicates that the sensor attached with
SmCrO3 (800 °C)-SE displays the highest response value toward
100 ppm TEA, and a fast response and recovery rate toward 20 ppm
TEA along with good sensitivity to TEA concentration at the ranges of
2–100 ppm. The detection limit can even reach 2 ppm.In addition, the
present sensor also shows excellent repeatability, long-term stability
and selectivity against various interfering gases. Overall, the sensor
utilizing SmCrO3 (800 °C)-SE exhibits the potential application value
for TEA detection.
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