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The present work is a fundamental research on the gas sensor using a solid electrolyte of
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alkaline-earth metal aluminate with B-alumina structure. Its final goal is to develop a CO-CO,-0O,
combined solid electrolyte gas sensor used in the high temperature fields such as iron and steel
making industry or combustion process controlling. The solid electrolytes of alkaline-earth metal
aluminates were synthesized by a solid state sintering method from the powders in the MO-MgO-
ALO; (M= Ca, Sr, Ba) system. The samples were analyzed by methods of XRD, EPMA, SEM, a.
c. impedance, d. c. polarization, galvanic cell and eiectrolysis to determine their structure and
electrical properties. The sintered sample with the best electrical property was, then, used to
construct a CO, gas sensor. The temperature and P.,, dependencies, and time response of the
sensor were investigated by measuring the EMF. Based on these work, the possibility to apply

the material to a solid gas sensor was investigated.
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This thesis was divided into seven chapters. The main points for the each chapter are described
as following.
Chapter 1 is a introduction to the present work. The background, purpose and planed

procedure are included.

Chapter 2 describes the synthesis of solid electrolytes of the alkaline-earth metal aluminates
with B-alumina structure. The experimental method, results, and discussion are included. It was
concluded that St and fB-aluminas in single phase were synthesized successfully by the solid state
sintering method from MO-MgO-Al,O;(M = Sr, Ba) system, but CaB3-alumina was not synthesized
by the high temperature solid state sintering because of its thermal unstability. Sr-alumina was
synthesized in a composition of SrO:MgO:Al,0,=1:1:4.8~5.2 at 2023 to 2033 K. Baf-alumina
was synthesized in a composition of BaO:MgO:Al,O,=1:1:5 at 2023 to 2073 K.

Chapter 3 describes the measurements of electrical conductivity. Electrical conductivities of Sr
and Bap-aluminas synthesized by the solid state sintering in the present work were measured by an
a. c. impedance method. Their electrical conductivity was independent of O, partial pressure, and
the values were 2.05 x 102 S m" and 4.6 x 10® S- m" (at 1673 K) for Sr and Baf-aluminas,
respectively. Their activation energies from 873 to 1673 K were 103.5 kJ- mol" for SrB-alumina
and 173.8 kJ- mol" for Baf-alumina, respectively. It was confirmed that Sr and Baf-aluminas
have ionic conduction. The effects of composition, structure and the other sintering conditions on
the electrical conductivity were also investigated. A sample with a dense single f phase had high
electrical conductivity.

Chapter 4 describes the measurements of ionic transport numbers of Sr and Baf-aluminas. The

ionic transport numbers of Sr and Baf-aluminas were investigated for the first time. The ionic
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transport number were measured by the galvanic and d. c. polarization methods. The results
measured by the two methods are in a good agreement for all of the samples. It was determined that
the ionic transport numbers were 0.90~0.95 (973 ~1473K) for Srf3-alumina and 0.8~0.9
' (1173~1673K) for BafB-alumina, respectively. NaB“-alumina (NGK Spark Plug Co., Ltd.) was
used as a standard sample. From the measurement results of the standard NaP“-alumina, it was
understood that the measurement system of the d. c. polarization was +1~2% in error.

Chapter 5 describes the investigation of mobile ion species. The mobile ion species of Sr and
Baf-aluminas were first investigated in the present work by using electrolysis, SEM, EPMA and
XRD. It was determined that the mobile ion species were Sr** in Srf-alumina and Ba®>* in Baf3-

alumina, respectively.

Chapter 6 describes the application of SrB-alumina to a CO, gas sensor. In this chapter, the
principle of the CO-CO,-O, combined gas sensor was explained. The CO, gas sensors with
auxiliary phase of SrCO, were constructed, which is represented as Pt,CO,,O,,SrCO,/Srf3-
alumina/CO,,Pt. The temperature and P.,, dependencies, and time response of the sensor were
investigated by measuring the EMF in a CO, gas concentrations ranged from 10% to 90% at
temperatures from 1073 to 1373 K. It was observed that the EMF increased with increasing
temperature, and increased with decréasing CO, gas partial pressure. The EMF reached a stable
value in a few minutes after the CO, gas concentration changed. The effect of O, gas to the CO, gas
sensor was canceled by constructing it into an open type structure in which the reference electrode
was put into a same gas chamber with the working elecirode. The operating conditions were also

discussed. It is possible to apply the sensor to a high temperature field in industry.
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