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Effect of heat treatment and sintered microstructure on electrical properties
of Mn-Co-Ni oxide NTC thermistor for fuel level sensor
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Abstract The correlationship between heat treatment condition and electrical properties of the Mn-Co-Ni oxide NTC
thermistor for fuel level sensor was investigated by the X-ray diffractometry, density measurement, and electrical properties
measurement such as resistivity, B constant, and thermal dissipation constant. It was shown that the heat treatment of NTC
thermistor was responsible for sinterability of Mn-Co-Ni oxide. The highest density of 5.10 glem® was obtained at 1250°C,
2 hours, at which the densification was almost completed. This is also manifested from the microstructural observation. It is
found that the electrical resistivity and B constant are increased at the elevated sintering temperatures. The NTC specimens
prepared in this study showed the conventional decrease of resistance with the measured temperature and the linear
behavior of output voltage with fuel levels. Therefore, the electrical properties of thermistor were closely correlated with
sintering condition, and the Mn-Co-Ni oxide thermistor prepared in this study has a great possibility enough to apply for
an automobile fuel level sensor.
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Fig. 1. XRD patterns of NTC thermistors as a function of
sintering temperature.

7R poME 2 2re FUM uE 4% F
7FAARS Bolmgleon, 1300°C olAte] o= ¥

Tt ZaEte ASE JERRITE 1250°C, 2A17HelA
M = 2 UE 510geme 9L F Idgen,
Fig. 20b)o1M 9] mlAl7z #aAds), 71589 748 o
Eo] AzF VEYA ] I olAte] E& 2&dAe &
e =3 Garle] FFo = s AA-AY g

52
a
(a) &
— 50r X
5
2 []
= 48}
2
&
46t
w
44l - . .
1150 1200 1250 1300

Sintering temperature [°C]

Fig. 2. (a) Bulk densities of NTC thermistors as a function of
sintering temperature and (b) SEM image of specimen sintered
at 1250°C for 2 hours.
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Fig. 3. Electrical properties of NTC thermistors: (a) measured
resistance vs. test temperatures as a variation of sintering condi-
tion and (b) resistance & B constant vs. sintering temperatures.
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Fig. 4. Level test results of NTC thermistors.

Table 1
The thermal dissipation constant (TDC, 8) of Mn-Ni-Co
thermistors in this study

Temperature ['C] 1150 1200 1250 1300
TDC in oil [mW/K] 70.51 74.01 71.84 78.45
TDC in air [mW/K] 7.55 943 9.52 9.66
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