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Abstract: NTC (negative temperature coefficient) thermistors are semiconductor ceramics whose resistance decreases with
increasing temperature, making them essential components in various temperature sensing applications. Typically, ceramic
materials are sintered at high temperatures exceeding 1,150°C. However, in laminated devices incorporating internal electrodes,
co-sintering can lead to cracking and mechanical failure due to mismatches in the thermal expansion coefficients between the
ceramic layers and metal-based electrodes. Moreover, the use of noble metal electrodes increases production costs. To address
these challenges, a low-temperature sintering approach is required. Previous studies have demonstrated that incorporating glass
frit can reduce the sintering temperature of ceramics, although this often results in increased electrical resistance. In this study,
NiMnCoO4 (NMC) ceramics, as a representative NTC thermistor composition, were prepared with the addition of 10 wt% glass
frit. To mitigate the resulting increase in resistivity, trace amounts (1 wt%) of various metal oxides, including CuO, ZnO, and
MnO, were introduced. Among these, the addition of CuO notably decreased both the resistivity and B constant values. In
contrast, MnO had little effect on resistivity, while ZnO led to an increase. With respect to the B2s/s5 constant, samples containing
MnO and ZnO exhibited higher values than those without metal oxide additives. These findings indicate that the incorporation
of 1 wt% CuO is effective in reducing the increased resistivity in NMC ceramics subjected to low-temperature sintering via glass
frit addition.
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Fig. 1. Variation in (a) linear shrinkage and (b) bulk density of NMC
with glass frit (NMC/g), and metal oxide-added NMC/g ceramics
(Cu0, ZnO, and MnO) and NMC ceramics.
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Fig. 2. Fractured surface morphologies of (a) NMC with glass frit (NMC/g), (b) CuO-added NMC/g, (c¢) ZnO-added NMC/g, (d) MnO-added
NMC/g, and (e) high-temperature (1,150°C) sintered NMC ceramics; (f) average grain size values of various specimens measured by the linear

intercept method; (g) SEM image and (h-n) corresponding EDS elemental mapping results of the NMC/g ceramic, showing the distribution of

Ni, Mn, Co, Bi, B, Si, and Al, respectively.
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Fig. 3. X-ray diffraction (XRD) patterns of NMC ceramics, NMC
with glass frit (NMC/g), and metal oxide-added NMC/g ceramics
(CuO, ZnO, and MnO).
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NMC/g ceramics (CuO, ZnO, and MnO) and NMC ceramics.
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