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A mixed-potential type gas sensor using stabilized zirconia (YSZ) and a sensing electrode (SE) that con-
sists of the new type composite oxide Ni;V,0g was developed for ammonia (NH3) detection at elevated
temperature, such as 650°C. The Ni3V,0g materials were synthesized from Ni(NOs),-6H,0 and NH4VO;
through the sol-gel method. Ni3V, 03 sintered at different temperatures was also characterized using
X-ray diffraction (XRD) and field-emission scanning electron microscopy (FESEM). The present study
mainly focused on the effect of sintering temperature of SE materials (800°C, 1000°C, 1200°C) on NH3

ﬁﬁ/v‘;oergssé)r sensing characteristics. Results showed that the Ni3;V,0g calcined at 1000 °C exhibited the largest sensi-
Sta;ilized Zirconia tivity in an NH3 concentration range of 50-500 ppm at 650 °C. The response for the sensor attached with
NisV,0g a Ni3V,0g-SE sintered at 1000°C to 100 ppm of NH3 was approximately —62 mV. Moreover, AV almost

varied linearly with the logarithm of NH; concentration in the range of 50-500 ppm, which the slope
was —96 mV/decade. Furthermore, the present sensor also displayed small drifts over 30 days and cross-
sensitivities in the presence of various interfering gases. The high-sensing characteristics of the sensor
attached with a Ni3V,0g-SE sintered at 1000°C to NHs3 are explained in terms of the micro-structure of
the SE and the high electrocatalytic activities induced by the beneficial effect of the interaction between

Mixed potential

the Ni and V two metal oxides.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Diesel engines are widely applied in the fields of transporta-
tion, capital construction, industry, and power-generation, because
of their high fuel efficiency, high power output, reliability, and
low CO, emissions. However, their exhausts contain harmful
air pollutants, especially NOy. Therefore, an exhaust gas after-
treatment method for NOy reduction must be developed urgently
to meet the steadily increasing emission standards [1-4]. Among
engine aftertreatment systems, selective catalytic reduction (SCR)
that uses urea as reducing agent has been recognized as the
most promising technology to eliminate the NOy emissions from
diesel vehicles [5,6]. In this system, a urea solution is injected
into an exhaust line to react with the NOy from combustion
exhaust, as schematically presented in Fig. 1. To accurately con-
trol the amount of urea injected and to avoid NHj slips that
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aggravate air pollution problems, a powerful closed-loop feedback
control system must be employed. This system utilizes an NH3
exhaust gas sensor for on-board diagnosis (OBD). Furthermore,
the NH3 sensors to automobile exhausts must be tolerant of ele-
vated temperatures because the long-term operation of a vehicle
with a diesel engine reaches a high temperature under working
conditions.

Thus far, various NH3 sensors using different sensing mate-
rials, such as semiconducting oxide [7-17], zeolites [18], and
organic compounds [19] have been proposed and reported by many
researchers. However, such sensors are operated at lower temper-
atures and are unsuitable for the harsh exhaust gas environments.
Fortunately, mixed-potential type NH3 sensors based on stabilized
zirconia (YSZ) and oxide electrodes have displayed potential under
such harsh working conditions. Several researchers have reported
the following related results: Miura et al. fabricated a planar YSZ-
based sensor attached with a NiO/Au-SE that detects NH3 at high
temperatures. It exhibits excellent sensitivity and selectivity for
the sensor to NHs. The response (AV) of the sensor to 100 ppm
NH3 is approximately —34 mV, and the AV almost varies linearly
with NH3 concentration in the examined range of 20-100 ppm at
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Fig. 1. Schematic view of exhaust gases aftertreatment system.

800°C [20]. Moos et al. introduced a novel, selective, mixed poten-
tial NH3 sensor that employs Au electrodes covered with a porous
vanadia-tungstenia-titania-based SCR catalyst material. The sen-
sor displays good cross-sensitivity and long-term stability to NH3
in harsh exhaust environments and can detect very slight NH3
slips at the downstream of an SCR catalyst [21]. Plashnitsa et al.
reported that the YSZ-based planar sensor that utilizes a SE for
spontaneously formed composites (nano-Au +nano-SiO, ) exhibits
highly sensitive and selective NH3 gas sensing properties at 700 °C
[22]. Our group also presented an YSZ based NH3 sensor using
CoWOy, as a SE. It displays fast response and recovery character-
istics (not more than 5s) and high sensitivity (—51 mV/decade)
to NH3 at 700°C [23]. Thus, the design and preparation of novel
oxide electrode materials with high electrochemical catalytic activ-
ity and excellent porosity is an important strategy to improve
the sensing performance of mixed-potential type YSZ-based NH;
sensor in terms of sensitivity, selectivity, and long-term stabil-
ity.

Bimetallic oxide systems are of great interest in the design of
new materials for catalysis, electrochemistry, and microelectronics.
These systems are multiple-functionalities and exhibit prominent
catalytic activity, selectivity, and stability over monometallic oxide
materials [24,25]. NiO is among the most commonly used active
materials in either pure or hydroxide form. It is well-known for
its chemical stability as well as its catalytic and electrical proper-
ties. The application of NiO in electro-catalytic and electrochromic
devices has been investigated, along with its use as SE material
for gas sensors [26-28]. Vanadium oxide is an excellent catalyst
for various catalytic reactions. In relation to the heterogeneous
catalysis of vanadium oxides, redox property and surface acid-
ity depend strongly on the additives or support oxide materials.
For instance, the addition of Ni to V,05 to form Ni-V-O com-
pounds increases surface acidity with initial heat to 135kJ/mol
from 95KkJ/mol of V,05 for the adsorption of NHs. This finding
indicates that such material possesses high surface acidity [29].
Moreover, the surface acidity of vanadium-based oxide can play
an important role in the selective sensing of NH3 [30,31]. The
use of a suitably designed Ni/V composite that utilizes the bene-
ficial effect of the interaction between the two metals to enhance
electrocatalytic activities in combination with the performance of
two materials can generate suitable SE material for NH3 detec-
tion. As far as we know, a high temperature NH3 sensor that
employs the designed composite as SE material has not been devel-
oped.

Therefore, in this study, we investigate a new Ni3V,0g com-
posite oxide material as SE for YSZ-based mixed-potential-type
sensor, which can be used to detect NH3 at elevated temperatures.
To determine the sintering temperature factor that affects sensing
properties, the effect of various sintering temperatures on sensing
properties is studied. In addition, the detailed sensing characteris-
tics and mechanism of this sensor are identified and discussed.

2. Experimental
2.1. Preparation and characterization of the Ni3V,0g SE material

The Ni3V,0g was prepared from nickel nitrate (Ni(NO3 ),-6H,0),
ammonium metavanadate (NH4VO3), glycine (Gly), and ethyl-
ene glycol (EG) by the sol-gel method. In a typical process,
Ni(NO3),-6H,0 and stoichiometric NH4VO3 (the molar ratio of
Ni/V=3:2)were dissolved in deionized water, respectively. Gly was
added into the NH4VO3 solution (the molar ratio of Gly/V=4:1) and
stirred at 60 °C for 2 h to obtain a yellow transparent solution. EG
and Ni(NO3),-6H,0 solution were dropwise added into the mixture
described above and then stirred at 90 °C until to a gel solution was
obtained. The resultant solution was maintained at 80 °C for 12 h at
electric vacuum drying oven. The precursor gel was then sintered at
400°C,600°C,800°C, 1000°C, and 1200 °C for 2 h in muffle furnace
by a gradual increase of temperature.

X-ray diffraction (XRD) patterns of Ni3V,0g materials were
measured by Rigaku wide-angle X-ray diffractometer (D/max rA,
using Cu Ko radiation at wave length =0.1541 nm). Field-emission
scanning electron microscopy (FESEM) observations of surface
morphology of the Ni3V,0g-SE materials were obtained using a
JEOL JSM-7500F microscope with an accelerating voltage of 15 kV.

2.2. Fabrication and measurement of the sensor

The sensor was fabricated using the YSZ plate (8 mol% Y,03-
doped, 2 mm x 2 mm square, 0.2 mm thickness, provided by Tosoh
Corp., Japan). A point-shaped and a narrow stripe-shaped Pt elec-
trode (reference electrode, RE) were formed on two ends of the
YSZ plate using a commercial Pt paste (Sino-platinum Metals Co.,
Ltd.). The various Ni3V,0g-SE materials sintered at 800°C, 1000 °C,
and 1200°C were mixed with a minimum quantity of deionized
water. The resultant paste was then applied on the point-shaped
Pt to form stripe-shaped SE, followed by sintering at 800 °C for 2 h.
The Pt heater formed on Al,03 substrate was then attached to the
YSZ plate by the inorganic adhesive, which provided the required
heating temperature for the sensor. The gas sensing characteristics
of the fabricated sensors were measured by a conventional static
method [32,33]. Sample gases containing different NH; concen-
trations were obtained by diluting 10,000 ppm NH3 with air. The
electric potential difference (V) between the SE and the RE was mea-
sured with a digital electrometer (Rigol Technologies, Inc., DM3054,
China) when the sensor was exposed to air or sample gas. The
results obtained were recorded with a computer connected to the
electrometer [34]. The current-voltage (polarization) curves of the
sensor were carried out by means of the potentiodynamic method
(CHIB00C, Instrument corporation of Shanghai, China) using a two-
electrode configuration in the base gas (air) and the sample gas (200
and 300 ppm NHj3 +air) at 650 °C.
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Fig. 2. XRD patterns of the prepared material sintered at different temperatures (H)
NiO and (A) NiszOg.

3. Results and discussion

Fig. 2 shows the XRD patterns of the prepared material sin-
tered at different temperatures. The NiO with cubic structure
is dominant when the dried gel was sintered at 400°C. How-
ever, the peaks of Ni3V,0g were obviously strengthened, with
the increasing of the sintering temperature. The diffraction peaks
above 800°C agreed well with the data of the Joint Committee on
Power Diffraction Standards (JCPDS) (File No. 74-1484) regarding
Ni3V,0g orthorhombic oxide. This indicated that the single phase
of Ni3V,0g with orthorhombic structure was formed. The sharp
diffraction peaks also suggested the good crystallinity of the as-
prepared materials. The mean crystallite sizes of the Ni3V,0g
samples sintered at 800°C, 1000°C, and 1200°C were calculated
by the Debye-Scherrer equation, which were around 30, 65, and
84 nm, respectively.

The SEM images of Ni3V,0g-SEs sintered at different tempera-
tures(800°C, 1000°C,and 1200 °C) are shown in Fig. 3. The particles
were gradually enlarged and the porosity of the morphology was
enhanced with the increase in calcined temperature. Additionally,
the diameter of the small microparticles of the Ni3V,0g sintered
at 1000°C was roughly 0.2-2 pm. That of the bulk particles was
approximately 2-6 pm.

To research the effect of sintering temperature on sensing
property, the sensors attached with Ni3V,0g calcined at different
temperatures (800 °C, 1000°C, and 1200 °C) were fabricated. Fig. 4
shows the dependence of the AV on the logarithm of NH3 con-
centrations for the sensors using Ni3V,0g-SEs calcined at 800°C,
1000°C, and 1200°C in the range of 50-500 ppm at operating
temperature of 650 °C. Three sensors based on different sintering
temperatures exhibited good sensitivity to NH3 at 650 °C. Among
these sensors, the one using the Ni3V,0g sintered at 1000 °C dis-
played the largest slope (—96 mV/decade). This result may be
attributed to several reasons. When the sensor was exposed to the
NHs3 atmosphere, two main processes took place on the SE. Firstly,
the NH3 penetrated the electrode layer to disperse on the triple-
phase-boundary (TPB). Secondly, the cathodic (1) and anodic (2)
reactions can occur simultaneously and form a local cell at the TPB
of the SE. When the rates of the cathodic and anodic reactions are
equal, the sensing electrode potential is mixed potential.

Cathodic : 1/20, +2e~ — 0%~ (1)
Anodic : 2/3NH3 + 0%~ — 1/3N; +H,0 + 2e~ (2)

The mixed potential intensity is related to the degree of anodic
reaction (2), and the faster the anodic reaction (2), the higher the

MM
———

Fig. 3. SEM images of Ni3V,0g-SEs sintered at different temperatures: (a) 800°C,
(b) 1000°C, and (c) 1200°C.

sensitivity. Several methods can be employed to promote reaction
(2): (1) increasing the reaction of NH3 concentration; (2) enlarging
the area of TPB; (3) improving the electrochemical catalytic activity
of SE.

As indicated in Fig. 3, the porosity of the SE materials prepared
at different temperatures was increased with the increasing of
the sintering temperature. The tunnels formed by large particles
could facilitate NHj3 to diffuse easily into the SE layers and reduced
the NH3; consumption (4NH3 +30, — 2 N, + 6H,0) caused by the
high chemically catalytic activity of Ni3V,0g in the process of gas
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Fig. 4. Dependence of AV on the logarithm of NH; concentrations for the sen-
sors using Ni3V,0g-SEs calcined at 800°C, 1000°C, and 1200°C in the range of
50-500 ppm at 650°C.

diffusion. As a result, the increased amount of NH3 reached the
TPB and participated in the electrochemical reactions. In this case,
the higher calcined temperature induced the higher sensitivity.
Nonetheless, the particles of Ni3V,0g became too large when the
sintering temperature was too high, and the electrochemical activ-
ity of the Ni3V,0g decreased obviously. Therefore, the sensitivity
of the sensor with Ni3V,0g sintered at 1200 °C decreased.

The electrochemical catalytic activity of the Ni3V,0g sintered
at 1000 °C could be higher than those of the two samples sintered
at the other temperatures, and result in the fastest reaction (2).
To examine the electrochemical catalytic properties of the sensing
materials sintered at different temperatures, the modified polar-
ization curves in air and 300 ppm NHj for the sensor attached
with Ni3V,0g-SEs sintered at 800°C, 1000°C, and 1200°C were
measured and shown in Fig. 5 [35,36]. The sensor attached with
Ni3V,0g-SE sintered at 1000 °C exhibited the highest anodic activ-
ity, by comparing the anodic polarization curves of the sensors
using Ni3V,0g-SEs sintered at different temperatures. Aside from
its higher electrochemically catalytic activity, as expressed, the
better porosity of the Ni3V,0g-SE sintered at 1000 °C also played
an important role in improving the sensing performance to NHs.
Additionally, the mixed potential can be estimated from the inter-
section of the anodic and cathodic polarization curves. Based on
the comparison of the mixed potential estimated values and the
potential difference values experimentally observed for the fabri-
cated devices,in Table 1, the estimated values are in close proximity

0.5
0.0 -
<« -0.5
\:L -1.0 | e 800 °C
o A "1200 °C
5 s}
j 800 °C
5 20t 1 1
5 ’ yem L 1000 °C
2.5 —12‘00 = ; 300 ppm NH3 I
3.0F P
1000 °C P
35LL . 1 PR T PR T R T S |

-240 -200 -160 -120 -80 -40 0 40 80
Potential / mV

Fig. 5. Modified polarization curves in air and 300 ppm NH3 for the sensor attached
with Ni3V,0g-SE sintered at 800°C, 1000°C, and 1200°C.
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Fig. 6. (a) Dependence of AV on NH; concentrations for the sensors attached with
Ni3V,0s-SE sintered at 1000°C at different operating temperatures; (b) response
transients curve for the YSZ-based sensor attached with Ni3V,0g-SE sintered at
1000°C toward different concentrations of NHs in the range of 50-500 ppm at
650°C.

to those observed values for 300 ppm NHs. These coincidences
indicate that the present sensors conform to the mixed-potential
mechanism [37-39].

Among the Ni3V,0g sintered at different temperatures, the
Ni3V,0g sensing material calcined at 1000 °C showed the largest
sensitivity. Therefore, we paid much attention to the sensor based
on Ni3V,0g-SE sintered at 1000°C. As known very well, the
sensitivity of the sensor depended strongly on the operation tem-
peratures. The dependence of the AV on NH3 concentrations for the
sensors attached with Ni3V,0g-SE sintered at 1000 °C at different
operating temperatures are shown in Fig. 6(a). The NH3 sensitiv-
ity was linearly dependent on the logarithm of NH3; concentration
in the examined range of 50-500 ppm at each operating tempera-
ture, whichis usually observed in mixed-potential type sensors. The
slope tended to increase initially below 650 °C with the increasing
of the operating temperature. At 650°C, a maximum value, with
a slope of —96 mV/decade was achieved. Above 650°C, the slope
tended to decrease. This result may be related to the amount of
the NH; diffused through the Ni3V,0g-SE to the TPB. Moreover,
the electrochemical reaction happening at TPB can be affected by
operating temperature and the occurrence of the electrochemical
reaction at TPB needed definite activation energy [40]. The electro-
chemical reaction did not gain enough activation energy at below
650°C, thus, the sensitivity of the sensor to NH3 increased with
the increasing of temperature. However, the desorption process of
NHj3 exhibited dominant at above 650°C, and the amount of NH3
adsorbed on the SE became less and less along with the increasing
temperature. Hence, the sensitivity of the sensor to NH3 decreased
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Table 1

Comparison of the mixed potential estimated and the potential difference value observed for the sensors using Ni3V,0g-SEs sintered at 800 °C, 1000 °C, and 1200°C.

Sensors NH3 conc. (ppm)

Mixed potential (estimated) (mV)

Potential difference value (observed) (mV)

Ni3V,0s (800°C)-SE 300 -73
Ni3V,0s (1000 °C)-SE 300 —108
Ni3V,0s (1200°C)-SE 300 —60

-71
-109
—58

Table 2

Comparison of the sensing performance of the present sensor and that of devices reported in literatures.

Material Operating temperature (°C) NH; concentration (ppm)

Sensor response (mV) Sensitivity (slope) (mV/decade) Reference

NiO/Au 800 100
CuNb;06¢ 300 500
Porous Cr,03 350 500
CoWO04 700 100
Pt-WO3 350 4000
Bi; 03 600 500
Ni3V;,0s 650 100

-34 4 [20]
56 - [41]
-110 -89 [32]
-8 -51 [23]
45 _ [42]
68.2 24 [43]
-62 -96 This work

with further increases in operating temperature. Consequently, the
optimal operating temperature for the present sensor was consid-
ered to be 650 °C. Additionally, from Fig. 6(b), the AV of the sensor
changed quickly upon switching on- and off-NH3 at 650°C, and
reached the steady-state potential difference value in a short time.
Among the range of measured concentrations, the response and
recovery rates are fast. The 90% response and recovery times of
the sensor to 500 ppm NH3 were approximately 2 and 10, respec-
tively. The response of the sensor to 100 ppm NH3 was still as large
as —62 mV. The comparison of the NH3 sensing performances for
the present fabricated sensor and that reported in literature is pre-
sented in Table 2. The present sensor displayed better performances
than previously reported devices. It displayed the fast response and
recovery rates, as well as high sensitivity to NHs, at such high oper-
ating temperature. This performance is vital to on-board detection
for controlling the NH3 concentrations fast and accurately. Addi-
tionally, in Fig. 6(b), for the peak behavior at the beginning, there
may be the following reasons: firstly, may be because of the effect
of environmental factor in the process of switching gases. Secondly,
the sensor was switched on NH3, the gas penetrated fast the sensing
electrode layer to disperse on the TPB. In the early, the rate of
the anodic reaction is higher than that of the cathodic reaction.
Therefore, the response of the sensor shows a peak at the begin-
ning. When the rates of the above two electrochemical reactions
are equal, the potential tends to attain the stable value. However,
further study on the sensing performance in the future work is yet
to be done for understanding the electro-chemical behavior very
well.

The continuous response-recovery transients of the sensor
using Ni3V,0g-SE sintered at 1000°C switching on- and off-
200 ppm NH3 at 650°C had been measured as shown in Fig. 7. It
was clearly seen that the potential difference response to 200 ppm
NH3 and air was effectively reproduced in the examined nine-
time cycles, which was confirmed that the sensor exhibited good
repeatability.

Moreover, in order to investigate the practical applicability for
NH3 detection, the selectivity and long-term stability measure-
ments of the fabricated device were carried out. Fig. 8 shows the
cross-sensitivities of the sensor attached with Ni3V,0g-SE sintered
at 1000 °C to various gases, such as NO,, NO, H;, CHy, CO, Cl,, CoHyg
and C;Hg at 650 °C. Fig. 8 suggested that the sensor exhibited larger
sensitivity to 200 ppm NHj than the other gases. Furthermore, due
to the coexistence of NH;3 in conjunction with NO, in exhaust
gas, the sensitivity of the sensor to the mixture of gases (200 ppm
NH3 +200 ppm NO;) was obtained. Based on the comparison of the
response value to mixture gases and 200 ppm NH3 for fabricated
sensor, there was relatively small change. It demonstrates that the

20 [-Operating Temperature: 650 ke

2z o [T
>

gijjnaei

0 300 600 900 1200 1500
Time /s

Fig. 7. Continuous response-recovery transients of the sensor using Ni3V,0g-SE
sintered at 1000 °C switching on- and off-200 ppm NH3 at 650°C.

sensor attached with Ni3V,0g-SE sintered at 1000 °C has excellent
selectivity to NH3 against the other interfering gases.

The long-term stability of the sensor attached with Ni3V,0g-SE
sintered at 1000°C to 100, 200, and 300 ppm NH3 was measured
at 650°C, as illustrated in Fig. 9(a). The amplitude of the AV for
the sensor using Ni3V,0g-SE sintered at 1000 °C changed slightly
to the same NH3 concentration during the 30 days measurement

200ppm CH,
200ppm CO
200ppm Cl,
200ppm NH,
S00ppm CH,
S00ppm H,
200ppm CZH 5
200ppm NO

200ppm NO,
200ppin NH,
200ppm NO,

4 20 0
AV /mV

Fig. 8. Cross-sensitivities for the sensor attached with Ni3V,0g-SE sintered at
1000°C to various gases at 650 °C.

-80 -60



800 F. Liu et al. / Sensors and Actuators B 210 (2015) 795-802

40

—u—100ppm
[~ (a) —e—200ppm
—A—300ppm
100 |44 AAA AL AL an 1

e-e. ~o-0~....o~o~o-o-o‘:f:::: r~

>4

>
~ 7 *-®..
ok Py Ay
% t{f»::t:; /i:d:i i: \0\.,«,,@,
PR E L

—v— AV‘--IOOppm

%8 8%

Chang;e of AV (AVs)/ %

100 - —— A\"--Zﬂﬂppm
—»— AV --300ppm
150 1 1 1 1 1 1 1
0 5 10 15 20 25 30
Time / day

- -40

200ppm CH (b)
200ppm CO

200ppm Cl1,
200ppm NH
500ppm CH,
S00ppm H,
200ppm CZH %
200ppm NO
200ppm NO,,

200pp£n NH,
200ppm NO

T T T T T T T v
-80 -60 -40 20 0
AV /mV

Fig. 9. (a) Long-term stability of the sensor attached with Ni3V,0s-SE sintered at
1000°C to 100, 200, and 300 ppm NH3 at 650 °C; (b) cross-sensitivities of the sensor
attached with Ni3V,0g-SE sintered at 1000 °C to various gases measured on the 30th
day of examination at 650°C.

period. In order to further illustrate exactly the change amplitude
of the AV with time, the change of the AV (AVs) for the sensor
is given by AV =[(AVy — AVy)/AVy x 100%], where AV, and AVy
denote the AV of the sensor on the n and 0 day, respectively. The
results show that the AV; to 100,200, and 300 ppm NH3 on the 30th
day are —17.7%, —13.2%, and —19.3%, respectively. Therefore, the
present sensor showed better stability. Fig. 9(b) shows the cross-
sensitivities of the sensor attached with Ni3V,0g5-SE sintered at
1000°C to various gases measured on the 30th day of examina-
tion at 650 °C. It was found that the sensor still exhibited excellent
sensitivity to NH3 and selectivity to various interfering gases even
at elevated temperature for a long term that after 30 days.

As mentioned previously, the sensing behavior of the present
sensor exhibits the excellent linear relationship between potential
difference and logarithm of the NH3 concentration, which can be
explained by the mixed-potential mechanism [44-46]. This sensor
forms the following electrochemical cell.

In air: air, Ni3V,0g/YSZ/Pt, air
In sample gas: NH3 (+air), Ni3V,0g/YSZ/Pt, NH3 (+air)

The difference of the sensing and reference electrode poten-
tials was measured as the sensing signal. Moreover, the potential
response of the sensor to NH3 in air can be studied quantitatively, as
reported in [47-49]. The electric current densities for electrochem-
ical reactions (1) and (2) can be described as following equations.

201F(V - V2
iNHg = inIH3 exp [W] (3)

. _ .0
io, =g, €xp

RT (4)

[—sz(v - vgz)]
where V is the electrode potential; F is the Faraday constant; V0
is the electrode potential at equilibrium; i® and « represent the
exchange current density and transfer coefficient, respectively; R
is the gas constant and T is the temperature. We hypothesize that
i® abides by the following kinetic equations.

igH3 = B1Cli, (5)
i9, = —B2Cg, (6)

where B;, By, m, and n are constants, Cyy, and Co& represent the
concentration of NH; and O,, respectively, and iNH3 and i82 are
values with opposite signs. When the cathodic and anodic electro-
chemical reactions reach equilibrium, iny, + ig, = 0 is established,

and the mixed potential is represented by Vyy(AV):

Vm =Vo+mA In COZ —nA lHCNH3 (7)
Here,
o1V, + o2V
RT B, 1YNH; ™ %2V0,
Vo = In 22 (8)
(2a1 + 202)F By o1+ 0o
aFT ©

(20[1 + 2012 )F

When Eq. (7) is combined with Eq. (8), the concentrations of O,
and NHj are fixed, the mixed potential is equal to the electrode
potential at equilibrium. When Co, value is a constant, Eq. (7) is
simplified to the following equation:

Vm=Vo — nA In CNH3 (10)

From Eq.(10),itis clearly that V) varies linearly to the logarithm
of NH3 concentration (In Cny, ) under the fixed Co, value, which has
been demonstrated in Fig. 4 very well. Such theoretical analysis
indicates that the NH3 sensor using YSZ and a Ni3V;0g-SE obeyed
the mixed potential mechanism.

4. Conclusion

In summary, a new SE material (Ni3V,0g) was prepared using
the sol-gel method. Mixed-potential type sensors based on YSZ-
plate and Ni3V,0g-SE calcined at different temperatures (800 °C,
1000°C, and 1200°C) were designed to detect NH3 at elevated
temperatures. The result indicated that the sensor using Ni3V;,0g
calcined at 1000 °C exhibits the largest sensitivity (—96 mV/decade)
to NH3 at 650°C. The response values for the fabricated device
to 100 and 500 ppm NH3 were —62 and —-131mV at 650°C,
respectively. The present sensor also showed better repeatabil-
ity, long-term stability, and selectivity against various interfering
gases. In addition, the sensing mechanism of the NHj sensor
involved mixed potential on the basis of the measurement of the
polarization curves was further demonstrated. Given these excel-
lent sensing characteristics, the sensor has potential application
value in the OBD system of vehicle exhaust gas.
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