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Abstract: NTC thermistors are essential components widely used for temperature sensing in various electronic sensor
applications. However, conventional NTC thermistor ceramics typically require high sintering temperatures above 1150°C,
necessitating the use of high-cost noble metal electrodes such as palladium (Pd) or platinum (Pt), which increases the overall
manufacturing cost. In this study, low-melting-point oxides were successfully introduced as sintering aids to reduce the sintering
temperature of NiMnCoOs-based semiconducting ceramics. As the additive content increased, the B constant and average grain
size exhibited an increasing trend, while the sample containing 5 wt% additives showed the lowest room-temperature resistivity.
Furthermore, samples sintered at 1000°C demonstrated slightly higher room-temperature resistivity and B constant values
compared to those sintered at 1150°C. These results confirm that the addition of low-melting-point oxides is effective in lowering
the sintering temperature of NiMnCoOs4 ceramics, suggesting the potential for reducing production costs and improving design

flexibility in thermistor fabrication.
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2opollA de] AHEE 1 Qo [1.2]. FA) Agste . 2932 0= Qs £473 2% Alstol= SaH& o] X]gt,
w9 NTC MUJAE= Anjd(spinel) 25 7|fto2  E74 o] hito) ot =7 W3} 9 H7|A E/d Aot
Az==ct[3]. ol EAltT. BHH, Rl =2 24 AAE ol
Amd Lx = dutsl o g AB0s PEIE 7Y, =2 4, oA M, 4 A aabE 28T 2~ 9loy
shebAl o, st 7IAA e, AVIA 548 XY S5 A2t AR AL AE S REY S e WY
v Ao® oA Qlot. And xR0 A2t A= A¥bAl Z FAdsto] WA} AZ(liquid-phase sintering)& .0}
o2 AAsgo] Folt, E4 /oAM= BteA] EAAS U MR o R AT 4 Qlrt. o] 23t Fo|A fe] =2 1
Ebd 4~ Ql} [3,4]. o] Fe, Ni, Mn, Co 53} &2 o] 2 Ut/d Rt M7A B4 fAIE SA0 S5A7|=
=4 YAaoA AR7Hvalence)?t sPUTE Afojup= o] 2 AR o] Qltt.
= AtoloflA = (hopping)oll 2Jsl ¥t=/d 575 LEtd olgfstujg o2 BE Fo] LS A2t Ao F7tsHA
c} [5] = A4 541 71AA s FYAIZ]= H BAAQ
AYHA Rl AMIA NTC AU AE|= A2t A S Z]9tst ATS 510, A2 22 3789 FASE U A2te] 4241
1 9loB 2 1200°C o]4fe] 12 AZo] BRstH, oo e Aol AR 7o T 4 ASE HAT £ 9
e} 3-8 AAF A ZAl o W (Pt)o]ut TelE(Pd)at 2 of. ThebA], & AollA = §He/d NMC AndA] A2ha]
17te] A4S RN o2 Agofof st wAI7F 1 Ao 2] ZHE Frtst A2 A% HE5S RASIA S
o} [6]. ol = 578 SR/ A Ml&E ©7F S7FR o]ofx] o], AAE AlRE OiYeR A4/, AR, 24 &
7l 5o, 53] $9§(thick film) 0 & A &R5h= NTC Au] A 9 A7|A 574 F71E Sofl 72l =3 A7F 208

AE{9] TjaF AAto] Qo] v & EA e Aslste adlol  Wrlstrt.
].

ok E4, QYA 02 1000°CE Pd/Ag A H30l B8 A 40| 7F53 NTC Hul2E] AIES 95 2 A7
e 5o 2ol Al 2 AHIe] U AR} oAb 7F o A AR MIAkst K8 Del(lead-free)]] 2] mal
of #P2 nejFt WEA J1F02 MY » Yok et S BEHYCE 1Y 32 L2 B.Os, ZnO, NaxO, SiOz,
A, A7 REE 1000°C o 5t2 Wit Zlo] B4 748t ALO:S £2 YROo2 Tystglon [8,16], AHL T
9 AE 818 A2 A% WA WA AT Qo AsP] 9) B0} Zn0] ¥ &L AR 0.2 A A7
ojof tigh A7t B ast A&doltt [7,8]. sttt 7] =3 AR sl 2 & Alofs A A
A2 27 71a2 Mty W AA AR s A F 2, o2 A2 3 Yof 22 &7 2o] Z2tAE &7
Abu]& AZbo] 9lo] Zast ALZ o, gEARl A UlolA] 24A17F &9 & W (ball milling)& 428519
O R M U AAL &4 X A4 59 3480 At &9 S2fa]= 244Kt 39F 2 U & ARSI, I F
217 QITH[9-14]. o]2jgt A/ 7]&2 A S REH Oy =iy Fot 1200°C7HA] 7HEs] ¢ &-§AIZ T
Me 228 545 fAIAUY 1A E 2 e BA2 7 &89 7ddv 5750 88(quenching)A|A F2] v =
Rlct thfst A4 7] FoA B ALoA = NiMnCoO,  FE|2 A x5t o0, o] 5 Balsto] §2] =3l Jejz &
(o]st NMC) 7|82} NTC AJu]AE] Algta]xof fa] =3 &shlct. AlAE fa] 239 98 5442 ARG 24171
(glass frit)& A7Isto] 24 2=5 FHF 1A} 5T (DSC)2t B5F A 7I(TGA)Z o] -&5to] BrIst o, i
w8 THE A4 ZA = 8ot gt AFs0] B Al4d(spreadability) ®3t F7dsto] 18 1o e ITt
El3 glot, ol & 50] CoMnFeZnOg 7|8t Al2ta] 20 & 8] 235 0|83 NTC MUl AE AJHO Al&= Mn,
2] mElS Avtd e 244 AF E&E, B e 571 & Ni, Co 4tet2& ¥ &2 §F MnNiCoOs (0]t NMC) &7
FEMAA R 29 2SS Ao s A AT S 7IHre R st & A '+ Al9Fa2] Mns04(99.9%,
= 2171} [8]. o] §2] m3lo] A WAoA U]N]  Kojundo, Japan), Co304(99.9%, Kojundo, Japan), NiO
T2 Alo] Y A|Ygto] gup o2 &8-S £ 9lgS UEF  (99.97%, Kojundo, Japan) g AF&-sRTH T Al22 A

Wik [8,10]. EaF, NMC 4ol 2] maiat el At &3t &, ojehgat |2 3ol 28 3 Egstel 1:3:4
AT} 1000CHME 44 7} o] U2 24X 5ot 2 22S Ha¥sloint B4 &

Sf0], We A7IA S UEICH: BE QT (6] o] T2 80°CO] QRN 24N ARG B, g8 U QL
2 o83l £71 £ 2 MWYSIATE. o] F FROIL =7

o5t Auti go) malo] A4 oUix] AL B AN E 2
24 A U MUK EX Mo 7]oidS AlAlstch  of ot 3°C/ming] & &= 2 700°CUHA] 7HE o] 34]
[6,8,15]. St 7]1&9] X244 A7EA|Ql Bi:0s, CuO & 7t =9t 54 (calcination)st i th.
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Fig. 1. Results of (a) thermogravimetric analysis/differential scanning
calorimetry (TGA/DSC) and (b) spreadability for glass frit as a
function of soaking temperature.
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AR AN 0] 3 (FE-SEM, JSM-650FF, JEOL, Japan)&
o] g5t} 200, AR T& BHL X-4 SIHEA
7]1(XRD RAD III, Rigaku, Japan)& &dll AAlst ot &
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EF 2k Hotol] g Mg 542 HEt= BB

constant):= CFS 2] (2)2 o] L5} AAtstct.

InTy—InT,

= 2
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Fig. 2. Changes in (a) linear shrinkage and (b) density values for
NMC ceramics as a function of additives.
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