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A B S T R A C T

In this work, the highly selective and stable mixed potential type stabilized zirconia (YSZ) based gas sensor using
Cd2V2O7 sensing electrode (SE) synthesized via simple coprecipitation method was fabricated and developed for
effective detection of NH3 at 650 °C. The as-prepared Cd2V2O7 sensing material was characterized by X-ray
diffraction (XRD), Raman spectrum, X-ray photoelectron spectroscopy (XPS) and Field-emission scanning elec-
tron microscopy (FESEM). The results of gas sensing measurement indicated that the sensor attached with
Cd2V2O7- SE displayed the response value of −68mV and rapid response rate of 5 s to 100 ppm NH3 at 650 °C.
The present device also exhibited the low detection limit of 1 ppm and the piecewise sensitivities of −6 and
−66mV/decade to NH3 in the concentration ranges of 1–10 ppm and 10–200 ppm, respectively. Moreover, the
fabricated sensor showed good reproducibility, excellent selectivity, stability to oxygen concentration, relative
humidity and 30 days continuous aging of high temperature at 650 °C. And the complex impedance and po-
larization curves were performed to explain the selectivity and verify the sensing mechanism involving mixed
potential model.

1. Introduction

The atmospheric pollution problem is becoming more and more
prominent with the acceleration of industrialization and urbanization.
Among various air pollutions, the NOx (NO2 or NO) comes from the
operation mode of the automotive vehicle which is driven in lean
conditions are the major and the most harmful air pollutions, due to
NOx not only cause the ozone hole and damage directly the health of
human bodies but also produce acid rain, photochemical smog,
greenhouse effect and other environmental disaster [1–4]. Generally,
employment of selective catalytic reduction (SCR) system based on
urea-water solution as catalyst is the faithful technologies of exhaust
gas after-treatment system to achieve effectively NOx conversion in the
automotive engines, especially heavy duty diesels [5,6]. In the process
of catalytic reaction, as shown in Eqs. (1)–(3), the urea-water solution is
decomposed to ammonia (NH3), and the NOx gases are reduced with
NH3 to generate the harmless substances of N2 and H2O [7]. However,
in order to accurately remove the NOx in exhaust gases and prevent the
uncontrolled redundant NH3 leakage to achieve the actual closed loop
feedback control, the high performance NH3 sensor for on-board

diagnosis (OBD) is advantageous and essential to monitor the NH3

concentration in exhaust gases downstream of SCR system. Considering
the harsh operating environment (high temperature, high humidity,
long-term operation, high selectivity and stability) of on-board gas
sensor, the mixed potential type sensing device based on stabilized
zirconia (YSZ) solid electrolyte and metal oxide sensing electrode is
regarded as one of the most promising candidate in NH3 detection of
automobile exhaust gas.

NH2CONH2 + H2O(stream) → 2NH3 + CO2 + H2O (1)

4NH3 + 2NO2 + 2NO → 4N2 + 6H2O (2)

4NH3 + 2NO+O2 → 4N2 + 6H2O (3)

The research on enhanced YSZ-based gas sensor involving in mixed
potential sensing mechanism was mainly focused on the development
of novel sensing electrode material with high electrochemical catalytic
activity, the fabrication of high performance three phase boundary
(TPB) and construction of new device structure [8–14]. The electro-
chemical reactions for mixed potential type gas sensor based on YSZ
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electrolyte occurred at TPB of sensing electrode-YSZ-target gas, thus
selection of a sensing material with excellent electrochemical activity is
the key factor to get high performance sensing device. Up to now,
various sensing electrode materials, such as Au/NiO [15], V2O5-WO3-
TiO2 [16], CoWO4 [17], Ni3V2O8 [18], CoFe2O4 [19] have been de-
veloped and are used for fabricating high performance NH3 sensor
based on mixed potential mode. Therefore, based on previous research
work, how to further develop new sensing material with high perfor-
mance and extend the system scope of sensing electrode material is
inevitable to expand the mixed potential type YSZ-based NH3 sensor
camp.

Interestingly, bimetallic oxide systems with multiple functionalities
presented prominent catalytic activity, selectivity and stability over
monometallic oxide materials, and was the important path for design of
high performance sensing material. As reported in literatures [20,21],
for the heterogeneous catalysis of vanadium oxides, redox property and
surface acidity depend strongly on the additives or support oxide ma-
terials. Thus, the design of bimetallic oxide material based on the va-
nadium oxides can be a suitable sensing material to sensitive and se-
lective detect NH3 by the addition of additive metal cations. In this
work, a new vanadium-based composite oxide sensing material
(Cd2V2O7) was prepared via facile coprecipitation method and used for
highly selective and stable detection of NH3 for YSZ-based mixed po-
tential type gas sensor. The detailed sensing characteristics of the fab-
ricated device were investigated and the sensing mechanism was pro-
posed and discussed.

2. Experimental

2.1. Synthesis and characterization of the Cd2V2O7 sensing electrode
material

The Cadmium vanadate (Cd2V2O7) sensing electrode material was
successfully synthesized via the coprecipitation method from Cd
(NO3)2·4H2O and NH4VO3 as the starting materials. Typically, 3 mmol
of Cd(NO3)2·4H2O and NH4VO3 were dissolved in a certain amount of
deionized water and stirred at 80 °C for 2 h. Then, ammonia hydroxide
solution was dropwise added with constant stirring to the above solu-
tion until the pH value was up to 8 to obtain precipitate. The precipitate
was filtered, washed using deionized water and ethanol solution and
then the resultant precursor product was maintained at 80 °C for 12 h in
vacuum drying oven. Finally, the dry product was sintered at 800 °C in
muffle furnace for 2 h to get Cd2V2O7 sensing material.

X-ray diffraction (XRD) pattern of Cd2V2O7 material is characterized
by Rigaku wide-angle X-ray diffractometer (D/max rA, using Cu Kα
radiation at wave length= 0.1541 nm) in the angular range of 10–50°.
Raman spectroscopy of the sensing material is recorded using LabRAM
HR Evolution spectrometer with a laser wavelength of 532 nm. Field-
emission scanning electron microscopy (FESEM) observation of surface
morphology of Cd2V2O7-SE is measured using a JEOL JSM- 6500 F
microscope with an accelerating voltage of 15 kV. X-ray photoelectron
spectroscopy (XPS) measurement of as-prepared material is performed
on a Thermo ESCALAB250 spectrometer equipped with an Al-Kα ray
source.

Fig. 1. Schematic diagram of the integral structure (a) and each component (b) for the fabricated sensor.

Fig. 2. (a) XRD pattern and (b) Raman spectrum of Cd2V2O7 sensing electrode material.
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2.2. Fabrication and measurement of the sensor

Fig. 1 depicts a schematic diagram of the integral structure and each
component for the fabricated sensor. The sensor was fabricated using
the YSZ substrate (8 mol% Y2O3-doped, 2mm×2mm square, 0.3 mm
thickness, provided by Anpeisheng Corp., China). A point-shaped and a
narrow stripe-shaped Pt electrode (Reference electrode, RE) with Pt
wire were performed on two ends of the YSZ substrate using commer-
cial Pt paste (Sino-platinum Metals Co., Ltd.) and were sintered at
1000 °C. The Cd2V2O7 sensing material was mixed with a minimum
quantity of deionized water to get sensing electrode paste and then the
paste was deposited on the point-shaped Pt with a fine brush to form
stripe-shaped SE on the upper surface of YSZ substrate, and the device
was co-fired at 800 °C for 2 h to gain good contact between SE and YSZ
substrate. Subsequently, the Pt heater formed on Al2O3 substrate was
fixed on the bottom of the YSZ substrate using the inorganic adhesive,
which provided the required working temperature by applying the
current. The gas sensing performance of the fabricated sensor was
measured by a conventional static method [22,23]. The electric po-
tential difference between the SE and the RE was measured with a di-
gital electrometer (Rigol. DM3054) when the sensor was exposed to air
or sample gases. The test results were recorded with a computer con-
nected to the electrometer. In order to assure the accuracy of mea-
surement result, the test times in air and different concentrations of
sample gases are kept consistent and the response signal exposed to
sample gas at the last second as the calibration of response value. The
current-voltage (polarization) curves of sensors were performed uti-
lizing the potentiodynamic method (CHI600C, Instrument corporation
of Shanghai, China) based on a two-electrode configuration in air, 50,
100 and 200 ppm NH3 at 650 °C. The complex impedance

measurements of the sensor in air and various tested gases were per-
formed by using an impedance analyzer (Solartron 1260 and Solartron
1287) with the amplitude of the AC potential signal at 300mV in the
frequency range of 1 MHz–0.1 Hz at 650 °C.

3. Results and discussion

The crystalline structure and purity of as-prepared sensing material
was investigated by XRD measurement. Fig. 2(a) displays the XRD
pattern of prepared Cd2V2O7 sensing electrode material and the result
demonstrated that all diffraction peaks of as-prepared material were in
correspondence with the monoclinic Cd2V2O7 (JCPDS 38-250). No
other diffraction peaks of the sensing material have been observed,
indicating the high purity. Raman spectrum of Cd2V2O7 sensing elec-
trode material is presented in Fig. 2(b). The vibrational modes with
high frequencies at around 872, 843 and 816 cm−1 were associated
with VeO stretching mode, stretching vibrations of VO3 group in
(V2O7)4+ ions and stretching vibrations of the VeOeV bridges in
Cd2V2O7, in agreement with previous reports [24,25]. And the modes
with low frequency positions located at 475, 351, 313 and 259 cm−1

were assigned to symmetry related vibrations of Cd2V2O7 [26].
The morphology and microstructure of Cd2V2O7-SE were further

characterized by FESEM. As shown in Fig. 3(a), the micro-sized parti-
cles of sensing material were obtained, and the loose and porous mi-
crostructure of SE was observed, which contributed to the diffusion of
target gas in sensing electrode layer. The chemical state and composi-
tions information of as-prepared Cd2V2O7 sensing material was further
evaluated by performing X-ray photoelectron spectroscopy (XPS). From
the survey spectrum of Cd2V2O7 in Fig. 3(b), it can be clearly seen that
the Cd, V, O and C elements were existed in the prepared sensing

Fig. 3. SEM image of Cd2V2O7-SE (a) and XPS spectra of Cd2V2O7 composite material (b) survey; (c) Cd 3d; (d) V 2p.
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material. The standardized C 1 s binding energy (284.6 eV) was used as
reference calibration for all other peaks. Fig. 3(c and d) presents the
high-resolution scanning XPS spectrum of Cd 3d and V 2p of Cd2V2O7

material. The two peaks appeared at binding energies of 404.8 eV and
411.6 eV were the characteristic of Cd 3d3/2 and Cd 3d5/2, which were
consistence with Cd2+ [27,28] (Fig. 3c). The obvious two peaks located
at 517 eV and 524.6 eV were attributed to V2p3/2 and V2p1/2, which is
indexed to V5+ in Cd2V2O7 [29,30] (Fig. 3d).

The gas sensing properties of the sensor based on YSZ and metal
oxide sensing electrode were heavily relied on the working tempera-
ture. Thus, the influence of the operating temperature for the sensor
attached with Cd2V2O7-SE on response to 100 ppm NH3 were evaluated
and shown in Fig. 4(a). Obviously, the maximum response value of
fabricated sensor to 100 ppm NH3 was achieved at 650 °C, which was
considered as the optimal operating temperature. Thus, the detailed gas
sensing performances of the developed sensor using Cd2V2O7-SE were
comprehensive studied in an upcoming section. Fig. 4(b) shows the
response transients for the sensor to 10–200 ppm NH3 at 650 °C. The
present sensor exhibited the good response and recovery characteristics
to different concentrations of NH3 and the response value presented
progressive increase trend with the increase of target gas concentration.
The response value and 90% response time for the fabricated device to
100 ppm NH3 were −68mV and 5 s at 650 °C, which indicated the high
perception signal and response rate. Additionally, the sensor displayed
the low detection limit of 1 ppm to NH3 and piecewise negative linear
relationship between response value and logarithm of NH3 concentra-
tions in the range of 1–200 ppm, which the sensitivities to 1–10 ppm
and 10–200 ppm NH3 were –6 and −66mV/decade at 650 °C, respec-
tively (Fig. 4(c)). According to the mixed potential type sensing me-
chanism reported by Miura and other researchers [18,31–33], the NH3

sensitivity of the fabricated sensor can be determined by the degree of

Fig. 4. (a) Response and recovery curves of the sensor utilizing Cd2V2O7-SE to 100 ppm NH3 at different operating temperatures; (b) Response transients for the
sensor toward 10–200 ppm NH3 at 650 °C; (c) Dependence of ΔV on the logarithm of NH3 concentrations for the sensor at 650 °C; (d, e) Response of the sensor to
100 ppm NH3 at different concentrations of O2.

Table 1
Comparison of the sensing performance of the present sensor and that of de-
vices reported in literatures.

Material Operating
Temperature (°C)

NH3 Conc.
(ppm)

Sensor Response
(mV)

Ref.

NiO/Au 800 100 –34 [15]
CuNb2O6 300 500 56 [36]
CoWO4 700 100 –8 [17]
Pt-WO3 350 4000 45 [37]
Bi2O3 600 500 68.2 [38]
Ni3V2O8 650 100 –62 [18]
Au-SnO2 650 100 –63 [11]
CoFe2O4 450 320 81 [19]
Cd2V2O7 650 100 –68 This

work

F. Liu et al. Sensors & Actuators: B. Chemical 279 (2019) 213–222

216



gas phase catalytic reaction of NH3 in the Cd2V2O7 layer and the
electrochemical catalytic reaction at TPB of Cd2V2O7/YSZ/NH3. The
NH3 gas is consumed in the diffusion process of the SE layer (4NH3 +
3O2 → 2N2 + 6H2O), and the unreacted NH3 gas arrived at the TPB to
participate in electrochemical anodic and cathodic reactions. When the
present device was measured at the lower concentration range of NH3,
the NH3 consumption proportion accounted for total quantity of NH3 in
the diffusion process is larger than that of higher concentration range of
NH3. In this regard, the NH3 concentration proportion participated in
the electrochemical reaction at TPB in the lower concentration range
was obviously less than that of higher NH3 concentration. The NH3

consumption process induced by gas phase catalytic reaction in
Cd2V2O7 layer may induce to the piecewise sensitivities to NH3 [34,35].
However, the low detection limit of 1 ppm to NH3 for the fabricated
device is determined by the degree of electrochemical anodic reaction
of NH3 arrived at TPB and electrochemical cathodic reaction of O2.
Comparison of the sensing performance of the present fabricated sensor
and that of reported in literatures, as exhibited in Table 1. The present
sensing device displayed the better superiority in NH3 sensing proper-
ties than other developed sensors in literatures. Moreover, the influence
of oxygen partial pressure on NH3 sensing property is investigated and
the test results are exhibited in Fig. 4(d and e). As seen, the response
value of the fabricated device to 100 ppm NH3 presented positive linear
variety with the logarithm of O2 concentrations in the range of 2–21
Vol.% at 650 °C. The response signal of the sensor to 100 ppm NH3

increased slightly with the decrease of oxygen concentration and the
maximum change degree of response value to 100 ppm NH3 was 9.6%,
which exhibited good stability in different concentrations of oxygen
partial pressure.

Fig. 5 reveals the continuous response and recovery transients of the
sensor using Cd2V2O7-SE to 100 ppm NH3 at 650 °C. The change of
response is denoted by (ΔVother-ΔV0)/ΔV0×100%, where ΔVother and
ΔV0 represent the ΔV of the sensor in other cycles and −68mV, re-
spectively. We can clearly see that the response and recovery char-
acteristics of the developed device to 100 ppm NH3 hold good con-
sistence during the continuous nine cycles measurement and the
maximum change of the response value to 100 ppm NH3 was 4.4% at
650 °C, which represented the favorable reproducibility to NH3. Ad-
ditionally, the fabricated sensing device is always confronted with other
interference gases or multiple coexistence gases in the actual working
condition, thus, the measurement and evaluation of selectivity for the
present sensor are absolutely necessary. The sensor attached with
Cd2V2O7-SE was exposed to various gases at 650 °C and the measured
response and recovery curves are depicted in Fig. 6(a). The response
signal of the sensor to 100 ppm NH3 exhibited the highest value com-
paring with other single tested gases at 650 °C. The response values of
the sensor to mixture gases consist of 100 ppm NH3 and different con-
centrations of interference gas were close to the response to 100 ppm
NH3 at 650 °C. In order to more clearly elucidate quantificationally the
selectivity of the fabricated sensor to different single interference gases,

the selectivity coefficient denoted as K (K= |RNH3/ Rother gas|) was in-
troduced and shown in Fig. 6(b). In this case, RNH3 represents the re-
sponse value of the sensor to NH3. Rother gas is the response value to
other gases. Here, RNH3=ΔVNH3=VNH3-Vair; Rother gas=ΔVother

gas=Vother gas-Vair. The result demonstrated that the selectivity coeffi-
cient of the sensor to different single gases was from 27 to 340. And the
change amplitude of the response value to coexistence gases was from
3.7% to 11.8%, which indicates the slight effect. Above results fully
proved that the sensor utilizing Cd2V2O7-SE exhibited the excellent
selectivity to NH3 at 650 °C. In order to explain reason for the excellent
NH3 selectivity of the sensor, the complex impedance characteristics of
the device in air and various test gases including CH4, CO, H2, NO2, NH3

and mixture gases of NH3 and NO2 at 650 °C were measured and results
are exhibited in Fig. 6(c). As reported previously [39–41], the re-
sistance at higher frequencies for the sensor is mainly associated with
Cd2V2O7-bulk resistance (including the small YSZ-bulk resistance). The
interfacial resistance is given by the resistance value at the intersection
of the large semi-arc with the real axis at lower frequencies (around
0.1 Hz). Clearly, the resistance at high frequencies was almost un-
changed when the sensor was exposed to different tested gases. How-
ever, In the case of the sensor was exposed to 100 ppm NH3, the in-
terfacial resistance at the lower frequency was obviously decreased
comparing with that of the sensor tested in other measured gases.
Changes in the interface resistance in different target gases revealed the
electrochemical catalytic activity towards the examined gas species.
Thus, it can be speculated that the catalytic activity to the electro-
chemical reaction of NH3 for present sensor at TPB was high, which
generated the largest sensing characteristic toward NH3. Additionally,
the complex impedance of the sensor in mixture gases of 100 ppm NH3

and 100 ppm NO2 at 650 °C wasalso investigated. Obviously, the cata-
lytic activity to the electrochemical reaction of coexistence gas at TPB is
slightly higher than that of 100 ppm NH3, which is certainly consistent
with the change result in response value.

The good resistance to humidity and long term high temperature
test are the prerequisite and crucial sensing performance evaluation
parameter for the excellent gas sensing device. The effect of the relative
humidity for the sensor attached with Cd2V2O7-SE on response value at
650 °C is shown in Fig. 7(a, b). The change of the response in different
relative humidity for the sensor is denoted by the following equation:
△Vh=[(ΔVa-ΔV0)/ΔV0×100%], where ΔVa and ΔV0 mean the re-
sponse value of the sensor in a% and 55% RH, respectively. The change
of response value for the sensor to 100 ppm NH3 in different relative
humidity range of 10–98% at 650 °C wasfrom –19% to 14%, which
exhibited acceptable impact to NH3 response characteristic in different
relative humidity condition. Fig. 8 shows long-term stability of the
sensor using Cd2V2O7-SE to 100 ppm NH3 at 650 °C. As indicated in
Fig. 8(a), the base line potential and response potential of the sensor
attached with Cd2V2O7-SE displayed a minor degree of potential fluc-
tuation at continuous high temperature of 650 °C during 30 days
measurement. The change of the ΔV (△Vs) for the sensor is given by

Fig. 5. Continuous response and recovery transients of the sensor using Cd2V2O7-SE to 100 ppm NH3 at 650 °C.
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△Vs = [(ΔVn-ΔV0)/ΔV0×100%], where ΔVn and ΔV0 denote the ΔV of
the sensor on the n and initial day, respectively. The attenuation am-
plitude of response signal value for the fabricated sensor to 100 ppm
NH3 on 30th day at 650 °C was–1.5%, and the response characteristics of

the sensor to 100 ppm NH3 on initial, 10th, 20th and 30th day exhibited
relative good concordance at 650 °C (Fig. 8(b)). Furthermore, the sen-
sing performance of the fabricated device after 30 days measurement of
650 °C wasevaluated to further investigate stability. The dependence of

Fig. 6. (a) Response and recovery curves of the sensor attached with Cd2V2O7-SE to various gases at 650 °C; (b) The selectivity coefficient of the sensor to tested
gases; (c) Cross-sensitivities of the sensor to 100 ppm NH3 and coexistence of gases; (d) Complex impedance curves of the present sensor in various tested gases at
650 °C.
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Fig. 7. (a) Effect of the relative humidity on response values at 650 °C; (b) Response and recovery curves of the sensor to 100 ppm NH3 at different relative humidity.

Fig. 8. (a) Long-term stability of the sensor using Cd2V2O7-SE to 100 ppm NH3 at 650 °C; (b) Response and recovery curves of the sensor attached with Cd2V2O7-SE to
100 ppm NH3 on initial, 10th, 20th and 30th day at 650 °C.

Fig. 9. (a) Dependence of ΔV on the logarithm of NH3 concentrations and (b) the cross sensitivities for the sensor after 30 days measurement of 650 °C.
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ΔV on the logarithm of NH3 concentrations and the cross sensitivities
for the developed sensor after 30 days high temperature measurement
of 650 °C were tested and results depicted in Fig. 9. As indicated in
Fig. 9(a), the present sensor still achieved the low detection limit of
1 ppm NH3 and displayed the segmented linear relationship between
response value and logarithm of NH3 concentration in the range of
1–200 ppm, which the sensitivities were –5 (1–10 ppm) and –63.5 mV/
decade (10–200 ppm), respectively. The sensitivities of the sensor to
NH3 decreased by 1mV/decade in the range of 1–10 ppm and 2.5 mV/
decade in the range of 10–200 ppm after 30 days measurement of
650 °C, which demonstrated the slight attenuation in sensitivity. Ad-
ditionally, it can be seen from Fig. 9(b) that the developed sensor also
exhibited excellent selectivity to single and mixture of interference
gases after 30 days measurement of 650 °C. Based on above obtained
results, the developed sensor based on YSZ and Cd2V2O7-SE revealed
the extensive application prospect in detection of NH3 at high tem-
perature.

Furthermore, the polarization curves of the device attached with
Cd2V2O7-SE in air and different concentrations of NH3 were measured
to verify the sensing mechanism involving mixed potential model. The
modified cathodic polarization curve was obtained in air, and the
modified anodic polarization curve was obtained by subtracting in air
from in different concentrations of tested sample gases. As reported in
literatures [11,42,43], the mixed potential values of the sensor can be
estimated from the intersection of the anodic and cathodic polarization
curves. As displayed in Fig. 10, the mixed potential estimated values
(–36, –65.5 and –84.5mV) of the fabricated sensor to 50, 100 and
200 ppm NH3 were similar to the response values (−34, −68 and
−88.5 mV) experimentally observed at 650 °C, indicating that the de-
veloped device abided by the mixed potential sensing mechanism.

The present YSZ-based mixed potential type NH3 sensor attached
with Cd2V2O7- SE is composed of the following electrochemical cell:

In air: air, Cd2V2O7-SE/YSZ/Pt-RE, air
In sample gas: NH3 (+air), Cd2V2O7-SE/YSZ/Pt-RE, NH3 (+air)
The electrochemical reactions for cathodic of O2 and anodic of NH3

proceeded concurrently at TPB of Cd2V2O7-SE, target gas and YSZ solid
electrolyte, which constructed a local cell. The potential difference
between the SE and RE was measured as the potential response signal.
In the case of two electrochemical reactions reached dynamic equili-
brium, the mixed potential of the sensor was obtained.

Anodic reaction: 2/3 NH3 + O2− → 1/3 N2 + H2O + 2e- (4)

Cathodic reaction: 1/2 O2 + 2e− → O2- (5)

As has been done in previous research works [18,44,45], the mixed
potential of the sensor can be treated quantitatively according to Butler-
Volmer equation. The current densities for electrochemical reactions

(4) and (5) can be expressed by Eqs. (6) and (7):

= −i i α F V V RTexp[2 ( )/ ]NH NH NH
0

1
0

3 3 3 (6)

= − −i i α F V V RTexp[ 2 ( )/ ]O O O
0

2
0

2 2 2 (7)

Where, i0 and α are the exchange current density and transfer coeffi-
cient; F is the Faraday constant; V means the electrode potential; V 0 is
the electrode potential at equilibrium; R and T represent the gas con-
stant and temperature. We hypothesize that i0 conforms to the following
kinetic equations.

=i B CNH NH
n0

13 3 (8)

= −i B CO O
m0

22 2 (9)

Where, B1, B2, m and n are constant, CNH3 and CO2 are the concentration
of NH3 and O2, iNH

0
3 and iO

0
2 are values with opposite signs. When the

anodic and cathodic electrochemical reactions reach equilibrium, iNH3
+ iO2 = 0 is established, and the mixed potential is expressed by VM

(ΔV):

= + −V V mA C nA Cln lnM O NH0 2 3 (10)

Here,

=

+

+

+

+

V RT
α α F

B
B

α V α V
α α(2 2 )

ln NH O
0

1 2

2

1

1
0

2
0

1 2

3 2

(11)

=

+

A RT
α α F(2 2 )1 2 (12)

As depicted in Eq. (10), VM varies negative linearly to the con-
centration logarithm of NH3 (lnCNH3) at the fixed CO2 value, which has
been demonstrated in Fig. 4(c). Additionally, it can be observed from
Fig. 4(d) that the response value to 100 ppm NH3 displayed positive
linear dependency with the logarithmic concentration of O2, which was
coincide with the result of Eq. (10) while the NH3 concentration re-
mains unchanged. Above theoretical analysis results and the experi-
mental results achieved good consistence and these proved that the
fabricated NH3 sensor based on YSZ and Cd2V2O7-SE conformed to the
mixed potential sensing mechanism.

4. Conclusion

To sum up, the Cd2V2O7 composite oxide sensing electrode material
was synthesized by facile coprecipitation method and was first used for
constructing the YSZ-based mixed potential type gas sensor aiming at
achieving highly selective and stable NH3 detection at high tempera-
ture. The XRD, Raman spectrum, XPS and FESEM demonstrated that the
prepared sensing material was assigned to loose and porous pure
monoclinic phase Cd2V2O7 structure. Gas sensing measurement results
indicated that the device attached with Cd2V2O7-SE exhibited the low
detection limit of 1 ppm to NH3 and response value to 100 ppm NH3

was −68mV at 650 °C. The present device also displayed good re-
producibility, acceptable humidity effect and long term stability to
NH3. The response value of the sensor to 100 ppm NH3 decreased by
1.5% and the sensitivities to NH3 decreased by 1mV/decade in the
range of 1–10 ppm and 2.5 mV/decade in the range of 10–200 ppm
after 30 days high temperature measurement of 650 °C, respectively.
The sensor also showed the excellent selectivity to NH3 as oppose to
single or coexistence interference gases before and after high tem-
perature aging. Additionally, both the polarization curves and the
theoretical analysis results demonstrated that the sensing mechanism of
the developed sensor abided by mixed potential model. The Cd2V2O7

material is a key component of high performance YSZ-based NH3 sensor
and the fabricated device involving in mixed potential mechanism
presented the significant potential application value in field of on-board
diagnosis for vehicle exhaust monitoring.

Fig. 10. Modified polarization curves for the sensor attached with Cd2V2O7-SE
in air, 50, 100 and 200 ppm NH3 at 650 °C.
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