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A carbon dioxide gas sensor was fabricated by combina-
tion of multivalent cation and anion conducting solid elec-
trolytes with a water-insoluble Li and Ba codoped Nd,0,CO4
solid solution as an auxiliary electrode. The present sensor
shows such a high durability not only in the atmosphere of gas
phase water vapor coexistence but also after the exposure to the
liquid phase water dew, in addition to persisting the rapid,
reproducible response with a high stability from the operation.

Carbon dioxide is mainly released when combustion occurs
and water vapor also produces as by-product and when the power
is shutdown, the water vapor transforms to the liquid phase of
water dew. The durability toward the gas phase water vapor and
liquid phase water dew is an essential issue of the gas sensor for
in-situ practical application. Furthermore, the stability of the sen-
sor output from the beginning of the operation is highly requested
in addition to the rapid, reproducible response.

Among various CO, sensing tools proposed, the detecting
method to satisfy the requests mentioned above is the sensing with
solid electrolyte. As the solid electrolytes, most widely investigat-
ed ones are the sensors with akai metal ion conductors'=> with
akali metal carbonate as the auxiliary electrode. In addition,
Mg? 68 Al ° and Sc3* 10 multivalent ion conducting solids have
been also investigated. However, the carbonate auxiliary elec-
trode is still soluble in water and this feature becomes a critical
disadvantage for practica applications in addition to the consider-
able output variation from the beginning of the operation. In
order to improve the sensing performance at the initial stage, a
Mg?* ion conductor was applied with the water insoluble Li and
Ba codoped Nd,0,CO, as an auxiliary electrode* However, due
to the relatively low density (ca. 98%) of the Mg?* ion conducting
solid electrolyte, the sensing performance from the beginning is
not gtill satisfactory, because of the gradual immersion of the aux-
iliary electrode which causes the output deviation.

Recently, we have succeeded in developing the Sc3* ion con-
ductor!? whose relative density is higher than 99.95%. In this let-
ter, the Sc3* ion conducting solid was combined with oxide anion
conducting yttria stabilized zirconia (Y SZ) with the water insolu-
ble Li and Ba codoped Nd,0,CO; as the auxiliary electrode and
the CO, gas sensing performance was investigated.

Scy5Zr5(PO,); was synthesized by a sol-gel method from
high purity Sc,045 (99.9%), ZrOCl,-8H,0 (99.95%) and
NH/H,PO, (99%) as starting materials. Sc,0; and ZrOCl,-8H,0
wereindividually dissolved in 3M HNO, solution, and then mixed
each other. The NH,H,PO, solution (3%) was added dropwise
into the mixed nitric acid solution. After white precipitates were
obtained, the solution was heated at 75 °C for 24 h to complete the
precipitation. Water in the solution was vaporized by heating at
130 °Cfor 8 h. The dried precipitate was further heated at 300 °C
for 24 h and the white powder was made into pellets and sintered

at 850 °C for 24 h. X-ray powder diffraction analysis (Mac
Science M 18XHF diffractometer) using Cu Ka radiation was car-
ried out. Oxide ion conducting stabilized zirconia (Y SZ) was pre-
pared by mixing ZrO, and Y ,O5 in amolar ratio of 9:1 and then
heated twice a 1600 °C for 12 h in air. Nd(CH;COO),-H,0 and
Ba(CH;COO0),-H,O were mixed in a molar ratio of 4:1 and then
made into pellets. The pdlletized samples were heated at 500 °C
for 12 hiin air and the obtained pellets were pulverized. The pul-
verized powder was mixed with lithium carbonate in an equimolar
ratio and then heated at 600 °C for 12 h in the atmosphere of 10
vol% CO, diluted with air to prepare the Li and Ba codoped
neodymium oxycarbonate solid solution.

Two pellets of the solid electrolytes were tightly fixed by
inorganic adhesive agent (Sumiceram 17-D) and the Li and Ba
codoped Nd,0,CO; pellet was fixed on the Sc3* ion conducting
solid surface and the temperature was raised up to the operating
temperature of 550 °C (Figure 1).1* The relative density was
measured by Shimadzu AccuPyc 1330.
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Figure 1. The cross-sectional view of the CO; sensor cell with
the combination of high dense trivalent Sc3+ ion conducting
solid and O? ion conducting stabilized zirconia (YSZ) with the
Li and Ba codoped neodymium oxycarbonate solid solution as
an auxiliary electrode.

Figure 2 shows the sensor output variation with the logarithm
of CO, concentration with its typical sensor output response curve
(depicted in the inserted figure). A rapid and continuous, and
reproducible response was ensured. A linear relationship was
clearly observed in the sensor output vs log(Pco,) and the exact
CO, gas content can be accurately determined only by measuring
the sensor outpuit.

One of the great advantages of applying the present high
dense Sc3* ion conductor with divalent oxide anion stabilized zir-
coniaisthat a considerable high stability can be realized from the
beginning of the operation. The EMF output deviation in measur-
ing the CO, gas content of 1% is plotted toward the day span in
Figure 3. The similar data for the case of applying the conven-
tional monovalent Li* ion'* and divalent Mg?* ion'®> conductor
with YSZ are also depicted in the same figure for comparison.
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Figure 2. The relationship between the sensor output and the
logarithm of CO; concentration(B). Typical sensor output
response curve with changing the CO, gas content (1 to 5 %) is
also depicted in the figure inserted. The sensor using only
divalent O?- ion conducting YSZ was also fabricated and the
result is also presented(O). The theoretical slope (n=2.00)
calculated from Nernst relation is depicted as solid line.
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Figure 3. The deviation curve of the sensor output at the CO;
content of 1 % for the sensor with the combination of the
present Sc3t and O~ ion conductors (M) and the Li+ 14 (—) or
Mg?+ 15 (07) ion conductor with O2- ion conductor reported.

The sensors with Li* ion or Mg?* ion conductors show a clear
deviation from the start of the operation and especialy for the
case with Li* ion conductor, a serious deviation was observed
toward higher EMF output more than 100 mV, which corre-
sponds to the CO, content of ca. 0.1% in spite that the present
CO, gas content in the detecting gas is, in fact, 1%. In contrast,
the sensor with the combination of the Sc3* ion conductor and
Y SZ shows no such an appreciable deviation from the begin-
ning, indicating a high stability of the sensor system from its
operation. The sensor using only divalent O% ion conducting
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Y SZ was aso fabricated and the result is also presented in Figure
2. The sensor with only Y SZ solid electrolyte does not show any
output et all, clearly demonstrating the necessity of the high dense
Sc3* ion conductor with YSZ. In combustion, H,O, which corre-
sponds to gaseous water vapor and liquid water dew are also
formed. The water vapor existence during the monitoring at 550 °C
and liquid water dew exposure before monitoring were investigat-
ed and it was found that any interference was not observed at al
both by the gas phase water vapor appearance'® and the liquid
phase water dew treatment.'” In addition, the present sensor holds
such a merit that the sensor output does not depend on the oxygen
concentration as a similar manner as described in our previous
paper. 11

In conclusions, the prototype CO, gas sensor was fabricated
by the combination of a high dense Sc3* ion conducting and O*
ion conducting solids with the water insoluble Li and Ba codoped
Nd,0,CO; solid solution as an auxiliary electrode. The present
sensor shows a considerably high durability both in the atmos-
phere of water vapor appearance and after exposing to the liquid
phase water dew, with demonstrating a satisfactory stability from
the operation.
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