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SOx Sensor Using NASICON Solid Electrolyte
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Abstract

A SOx sensor using NASICON electrolyte was developed for monitoring of air pollution. The
following galvanic cell with NazSiOs(Pt) reference electrode was assembled :

Pt \ Na;SiO; ’ NASICON \ Na;S04| Pt SOz, air

Na:S0s was used as an indicator electrode to protect NASICON electrolytes from chemical reaction
with 90s. The EMFs were measured after injecting SO in the initial concentrations range of 5~95
ppm at 400~5507C. The measured and calculated potentials were in good agreement above 500TC.
However, the cells were unstable below 500T, most likely due to incomplete attainment of chemical
equilibrium. Response time was within 10 min. Based on the stability and response time of this cell,
the NASICON solid electrolyte with NaSiOs(Pt) as the reference electrode and NasSQs (Ptlas the
indicator electrode showed the possibility of a reliable, inexpensive commercial solid-state SO« sensor.
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Na;0(in NASICON) = 2Na" + 2e" + 1720:(11) (@)
Cathode :

2Na" + 2 + SOalg) + 1/20:(1) = NazSOy4 (3
Overall reaction :
Na:O(in NASICON) + 1/20:(1) + SOs

= NaS0y + 1/20:(11) 4
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Fig. 1. Diagram of plate type NASICON-based
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Fig. 2. Photograph of the EMF measurment apparatus.
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Table 1. Standard Gibbs energy of formation
4Gof = A + BT + CT InT (Joules/mol)

Substance A B C T range (K)
Na0 -419829 | 139.064 298.15~1023.35
Na:SO4 | -1342400 | -131.363 | 70.9013 | 514~1157(solid I )
SOs -262484 | -617.260 | 85.7864 | 298.15~1200
S0y ~362597 | -505525 | 83.3832 | 298.15~1200

< 4483 #M(thermodynamic analysis)
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Fig. 3. XRD patterns of component powders and
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(a) NASICON according to JCPDS card

(b) pure NasPO, (c) pure ZrSiO,
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at 400C
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Fig. 6. Emf of the sensor elements as a function of
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