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Effects of Grinding Condition on Synthesis of NTC thermistor

Mitsuru Nikamot, Shigeru Sanxot and Fumio Sarrott

Abstract
Starting raw materials prepared by a thermal decomposition of a mixture obtained from aque-
ous solutions of Mn, Co, Ni nitrates, were ground under dry (in air) and wet (in water and alco-
hol) conditions by a tumbling ball mill to investigate sinterability and characteristics of NTC
thermistor. The dry grinding causes aggregation of fine particles even in early stage of grinding,
while the wet grinding reduces the particle size of the product. The sintered bodies from the prod-
ucts ground in wet using water possess large cracks, while they are fairly free from the defects

when the mixture was ground in alcohol.

Wet grinding in methanol with high (x/V) value is

more advantageous for producting dry fine particles, resulting in the improvement in characteris-

tics of NTC thermistor with high density.

Key Words - Grinding, Negative Temperature Coefficient Thermistor, Sintering, Tumbling Ball

Mill, Grinding Solvent
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Figure 1 Preparation process of NTC thermistor
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Figure 2 Average particle size of the mixtures ground
under dry and wet conditions as a function of
grinding time.

Dry:Dry grinding (n air)
uncalcined mixtures

Wet : Wet grinding (in methanol) using the
uncalcined mixtures

C-Wet : Wet grinding (in methanol) using the
calcined mixtures
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Figure 3 XRD patterns of unground and ground mixtures
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Figure 4 (a) zeta potential and (b) average particle size vs.
pH of solutions
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Figure 6 Average particle size of the ground mixtures as a
function of grinding time (grinding in water sys-
tem)
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Figure 5 (a) zeta potential and (b) average particle size vs.
sodium citrate concentration
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Sintering temperature: 1673K

Figure 7 SEM photographs of polished surfaces of sintered
bodies prepared from ground mixtures (grinding
in water system)
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Figure 8 Average particle size of the ground mixtures as a
function of grinding time (grinding in alcohol
and water systems)
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Figure 9 Average particle size ground for 2h vs. ©/V of
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Sintering temperature: 1673K

Figure 10 SEM photographs of polished surfaces of sin-
tered bodies prepared from ground mixtures
(grinding in alcohol system)
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Figure 11 Resistance of NTC thermistor at 298K as a func-
tion of sintering temperature, depending on

grinding time

Figure 12 SEM photographs of polished surfaces of sin-
tered bodies prepared from ground mixtures.
Addition of PVA (0.1mass% to powder sample)
(a) M 2h, 1673K, (b) M40h, 1673K,
(c) M2h, 1573K, (d) M40h, 1573K,
(e) M 2h, 1473K, (f) M40h, 1473K
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Nomenclature

Ds : average particle size (zm)

I:intensity (a.u.)

R : resistance of NTC thermistor at 298K (Q)
T : sintering temperature (K)

t: grinding time (h)

Zp : zeta potential (mV)

20 : diffraction angle (degree)
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