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Selective NO7 Sensing Characteristics of ScpO3 Mixed Nickel Copper Oxide
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Copper oxide and scandium oxide were mixed with p-type semiconducting nickel
oxide and its NO» sensing performance was investigated. By mixing copper oxide with
nickel oxide, the response of the oxide for NO7 was improved. Further ScpO3 mixing
with nickel copper oxide greatly enhanced the sensing performance. Especially, the
addition of scandium oxide into nickel copper oxide was considerably effective to sense

only NO7 in the nitrogen oxides existing atmosphere.

Nitrogen oxides have been becoming serious air pollutant gases. As the conventional detections, chemical
luminescence and infrared analyses have been widely applied. However, the equipments of those methods are
relatively large and expensive. In addition, it is quite difficult to measure the NO and the NO7 content,
individually. The inexpensive and accurate way of the detecting method has been strongly desired to be
developed. As inexpensive and compact sensing devices, semiconductors, 1-3) solid clectrolyte,6‘8) and
phthalocyanineg’lo) have been tried to apply as a sensing element. In those methods, semiconductors have been
extensively examined to use as a sensor material since they are easy to set up the sensor system with low cost.
Most of the materials used are n-type semiconductors and respond not only to NO» but also to NO. Therefore, it
is not possible to determine the accurate NO7 content in the ambient atmosphere by using those n-type
semiconductors as a sensing material.

Takasu et al.11) have reported that NO shows an absolutely different oxidizing characteristics from oxygen
on the surface of nickel-copper alloys. In this study, p-type semiconducting nickel oxide(NiO) was selected as a
NO3 sensing base material and copper oxide(CuO) was mixed to enhance the NO7 sensing characteristics. In
addition, ScpO3 was further mixed with nickel copper oxide to improve the sensing performance.

An appropriate amount of NiO(purity: 99.9%) and CuO(purity:99.9%) was thoroughly mixed in an agate

mortar. The mixture was pelletized and heated at 1000 ©C for 2 h in air atmosphere. Scandium oxide mixed
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Fig. 1.  Brief view of the sensor.

nickel copper oxide was also prepared in the same manner after Sc2O3(purity:99.9%) was mixed with the NiO
and CuO mixture.

Figure 1 illustrates the brief view of the sensor setup. The sample was cut in a rectangular shape. Both
sides of the sample were painted with Pt paste. Platinum wire was used as a lead and fixed with Pt paste. The
sensor element was placed on an alumina plate. The resistivity measurement was carried out by passing a direct
current(ca. 5 mA) between the two electrodes and the voltage between them was measured.

Figure 2 presents the NO2 sensing characteristics of the sensor with the variation of the Ni/(Ni+Cu) ratio.
Here, S denotes the sensitivity to nitrogen dioxide(NO7) and Ra and Rb are the resistivity of the sensor element
with NO» at 50 ppm and 200 ppm in the ambient atmosphere, respectively. The response to NOp was very
small in the case of NiO or CuO alone. However, with the increase of the CuO amount in the nickel copper
oxide, the sensitivity toward NO2 went up and a maximum response was obtained at the NiO :CuO ratio around
2. Here, the CuO mixing with NiO results in the formation of the Ni(Cu)O solid solution as reported in Ref. 12.

From an X-ray powder diffraction analysis, it was found that the oxide with the Ni/Cu ratio of 2 is not a single
phase but the Nigy gCug 20 solid solution and CuO mixture. Further ScpO3 mixing of 5 mol% considerably
enhanced the sensitivity of the Ni(y gCuq 20 and CuO mixture shown as the closed square in Fig. 2. Scandium
oxide mixing did not make a solid solution with Ni(Cu)O but formed ScpCupOs5. Therefore, the Scp03

mixed nickel copper oxide is composed of four compounds such as Nigp gCug 20, CuO, ScpCup05, and
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contrary, the sensor output was

almost constant during the variation of the NO gas content, while the nickel copper oxide without Sc203
responded both NO and NO». This result clearly indicates that the ScpO3 mixing with nickel copper oxide
contributes greatly to the enhancement of the_ selective NO7 sensing in the NO and NO2 coexisting

atmosphere.
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In conclusion, copper oxide mix-
ing with p-type semiconducting NiO made
a two phase mixture of the Nig §Cug 20
solid solution and CuO and the response
to NOp of the Ni-Cu-O compound was
appreciably improved. Further Scp03(5
mol%) mixing with the  Ni-Cu-O
compound greatly enhanced the
sensing performance. In addition, the
oxides with ScpO3 responded only to
NO7 and demonstrated to be one of
candidates to selectively sense the accurate

NO7 content in the nitrogen oxides

existing atmosphere.
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Fig. 4. The variation of the sensor's resistivity with

the NO(OJ) or the NO2(Q) content at 600 OC.
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