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armful gases, for example, hydrocarbons (HCs), nitrogen oxides (NOXx), carbon
monoxide (CO),and hydrogen (H;) are emitted by the combustion of fossil fuels or the leakage from
gas tanks in automobiles and power plants by accident. NOx is especially harmful that it causes
adverse effect to respiratory system of human body and air pollution in urban area. Hence, to obtain
appropriate control of combustion catalysts [1], there are urgent demands for high performance gas
sensors monitoring NOx sensitively and selectively [2].

In the last decade there have been plenty of studies and reports on different kinds of solid-
electrolyte-based electrochemical NOx-sensing devices since conditions were very harsh for operating


http://www.electrochemsci.org/
mailto:1103409684@qq.com

Int. J. Electrochem. Sci., Vol. 12, 2017 1735

a practical sensor (multi-component gas mixtures, high humidity, high temperature). Among which the
construction, overall survey and design of stabilized-zirconia-based NOXx sensors associated with
metallic- or metal oxide-based sensing electrodes (SEs) is attracted lots attentions. Zirconia-based
sensors is supposed to be highly sensitive and selective against NO; at operating temperatures above
800 °C since temperature of engine may be even 800—900 °C by chance when accelerating vehicle. It
was found that a mixed-potential-type yttria-stabilized-zirconia (YSZ)-based sensor with a NiO-SE
responded sensitively to NO, at temperatures of 800-850 °C [3, 4] when detecting a metal oxide-SE
recently. The NiO-SE is supposed to be spruced at comparatively high tenygasssiires of 1300-
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2. EXPERIMENTS

2.1. Materials and apparatus

For creation of the sensor, a tape-casted YSZ (8 mol.%-doped Y,03) plate(10 mm x 10 mm,
0.2 mm in thickness) was employed. Screen-printing (200 mesh) from a home-made ink which
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contains solvent (ESL 404) 1 g mixed in a three-roll mill (Exakt 80E) for 10 mins, YSZ powder4 g and
organic binder 1.7 g (ESL V400A) established the functional and porous layer 5 mm x 5 mm of solid
electrolyte (YSZ: (ZrO2)0.92(Y203)0.0s brought by superconductive). After that, the samples were
exsiccated at 120 °C in air for 15 min and spruced at 1100 °C for 2 h with a ramp of 5 °C/min.
Adopting a commercial paste of Au (ESL 8880-H) as well as Pt (ESL 5545), gold and platinum
electrodes of 4 mm length and 1 mm width were screen-printed on the surface of the YSZ layer. The
electrodes was 2 mm near each other. The stored electrodes were desiccated at 120 °C further for
15 min and then sintered with a ramp of 5 °C/min for 2 h in air at 800 °C. The g
labelled the sensing (Au-SE) electrode and the platinum electrodes was kno nce (RE)
electrode.

electrodes was

2.2. Sensor fabrication

The Au commercial paste and a-terpineol organic
which constituted an Au-SE, about 4 um thick on avera

After calcination in airat 850 °C, specific are
BET measurements with nitrogen (ASAP 2020)
MALVERN), was 15 m%/g but some area of\§
ZrO.andY SZ respectively was 0.288 um and

same time(5 vol.% O, + g&ol. ‘ ME). And each of parent gas (CO, CH,, C3Hg, NO and
\ ake the sample gas. All of the concentrations of each gas
tested were kept g#Rgta ) in Me sample gas for the selectivity tests. 100 ml/min was the

kion range of 50-400 ppm, the dependence of the NO, sensitivity
eter (R8240, Advantest Corp., Japan), output of the electromotive
ing signal, which lies between the Pt-RE and the Au-SE of the sensor.
the base gas (emfyase) and emf value in the sample gas (emfsampie) differ
in th iti (Aemf) they are to each gas. By adoption of an electrochemical
AutoLab®, The Netherlands), measurements of curves of current-voltage
(polarization) Y@@’be displayed. Through adoption of a two-electrode configuration, the polarization
curves were dauged at a constant scan rate of 2 mV/min between —20 as well as +100 mV in
potentiodynamic mode.

3. RESULTS AND DISCUSSION

Figure. 1A display that the YSZ layer is extremely porous, probably due to the presence of
evaporated binder and solventin the initial paste. However, the surface of this layer evidences



Int. J. Electrochem. Sci., Vol. 12, 2017 1737

percolation between micrometric YSZ grains ensuring bulk ionic conductivity. Figure 1B shows the
XRD pattern of the prepared YSZ.
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Figure 2. Cross sensitivities to different gases(400 ppm each) for the YSZ-based sensor under wet
condition(5 vol.% water vapor) at 500 °C adopting all (A) 500 °C-, (B) 800 °C- and (C)
10yo00 °C-sintered Au-SEs.

Figure 3 displays a distinctive Nyquist plot of the AuY/AuY, AuZ/AuZ and Au/Au in air by
500 °C. For Au/Au sample, two specific semicircles that can be divided and discomposed are exhibited
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by impedance spectra. Because of the obstruction of the conduction by the pores [22], in the high
frequency (HF) domain, the first semicircle stands for the resistivity of the YSZ solid electrolyte layer
(Rse). In the low frequency (LF) scope (from 10%to 10 2 Hz),at the two symmetrical electrodes, the
second contribution confirms with the whole polarization resistance (RpoL) connected with the kinetic
electrode reactions [23, 24]. The electron transfer resistance (Rct) was measured to be 422 Q, 457 Q
and 466 Q at the bare Au/Au, AuZ/AuZ and AuY/AuY, respectively, after the optimization of the
equivalent and calculation. A significant increase of Rct was observed when depositing AuY surface.
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Figure 3. Certain Nyquist plot under expe
arrow indicating logso of the frequenc

The resistance the YSZ layer (Figure 4A), the
parallel RseCse element

layer’s resistance is v Q at 500 °C and is similar for three sensors (Figure 3B),

porous YSZ membranes infused with 1 wt% Pt. The Arrhenius plot of
air from 500 to 800 °C is demonstrated by Figure 4B. Generally,

polarization ™ nces and in the apparent activation energy. Hence, adding an insulating material to
enhance the eleCtrode porosity, for example, zirconia appears to change the oxygen electrode kinetic
significantly. It is found that the presence of the oxide phase suppresses the cathodic electrode
reaction.
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Figure 5. Sensor Pt/YSZ/SE baseline in 1.5% H,0, 12% O, at 450 °C,

Figure 6 shows different reactions as well as recovery times of the three sensors after putting in
100 ppm NO; at 500 °C. AuY's response time is approximately 20 s, the shortest one, but the Au
sensor spends about 40 s to respond and the sensor of AuZ needs 15 mins to react, the slowest one with
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instable signal. To reassume the reaction at the beginning after the NO, exposure ends under 500 °C,
several minutes are necessary, whatever the electrode is Au-Y composite could strongly cut thin
recovery time for AuZ and Au which is 7 min instead of 40 min. A good adsorption of NO; onto the
electrodes is likely to cause these long recovery time. The recovery time is reasonable on AuY and Au
at a temperature of 550 °C with a lower concentration of NO; (20 ppm). The linear response
concentration of proposed AuY is between 50 to 400 ppm.
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4. CONCLUSIONS

a beneficial
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