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ABSTRACT The NTC thermoceramics of SmxNiCo0.2Mn1.8O4(0≤ x ≤0.05)were prepared by the solid
reaction technique and characterized by XRD and XPS. The influence of Sm3+ doping on the electrical
properties of SmxNiCo0.2Mn1.8O4 spinel phases was investigated. The results show that when Sm3+

doped content was low(x ≤0.02), Sm3+ ions partially substituted Mn3+ions in the octahedral sites of the
SmxNiCo0.2Mn1.8O4 spinel phases. It is beneficial to obtain high thermal stability of the spinel phases.
While Sm3+ doped content was higher than 0.03, SmMnO3 and SmMn2O5 two impurity phases precipitated
one after one and the thermal stability of thermoceramics decreased significantly.
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Fig.1 Resistivity–temperature characteristics (a)

and a plot of log ρT –1/T (b) of the

SmxNiCo0.2Mn1.8O4 (0≤ x ≤0.05) samples

sintered at 1200 X for 1 h
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Tabel 1 Thermoconstant B, resistivity ρ25 and activation energy Ea of the SmxNiCo0.2Mn1.8O4 samples

sintered at 1200 X for 1 h

Specimens x=0 x=0.01 x=0.02 x=0.03 x=0.05

ρ25/Ω·cm(±0.5%) 1480 1278 2389 2227 2065

B/K(±0.5%) 3644 3598 3541 3788 3714

Ea/eV(±0.5%) 0.314 0.310 0.306 0.327 0.320



2 � a c\:Sm3+ ]]^ SmxNiCo0.2Mn1.8O4 _`Z_YbU[\ 2112 � a c\:Sm3+ ]]^ SmxNiCo0.2Mn1.8O4 _`Z_YbU[\ 2112 � a c\:Sm3+ ]]^ SmxNiCo0.2Mn1.8O4 _`Z_YbU[\ 211

2.2 SmxNiCo0.2Mn1.8O4 LMN^_
P 28`]b3 Sm3+', SmxNiCo0.2Mn1.8O4

(0≤ x ≤0.05) DD XRD PP#>P 2 +U,

SmxNiCo0.2Mn1.8O4 DD '�!dab NiMn2O4

(PDF01–1110)!] �����, � Fd3m ce, �

FG� a=0.83446—0.83786 nm#Æ 1200 A, 1 h .

�8, d Sm3+ b3 x ≤0.02U, SmxNiCo0.2Mn1.8O4

DD XRD PP)^Ufc,!N_, `g&U

Sm3+ abh>i NiCo0.2Mn1.8O4 ���!N$)
c7R5>$#]U, ># Sm3+ ' O2− &*-.
; r3+Sm/r2−O =1.04/1.32=0.788, +*j8 Sm3+ `�
9i���$ $%% [10,11]#e�, d Sm3+ b3

x fC 0.03 U, Æ 2θ=33.1◦ KN_ SmMnO3 ,
! IIR, da Sm3+ b3debe (x=0.05) f

N_R SmMn2O5 ,!, ZP 2a 91#-DgÆ
SmxNiCo0.2Mn1.8O4 ���!) Sm3+ gÆ 5>
�Gg, � Sm3+ ',Rc �fg%�be%7

Y 2 Z 1200X\[ 1 hU SmxNiCo0.2Mn1.8O4(0≤
x ≤0.05) V]U XRD k\ZhhWW\[ 1 h

U Sm0.03NiCo0.2Mn1.8O4 V]U XRD k

Fig.2 XRD patterns (a) of SmxNiCo0.2Mn1.8O4 (0≤
x ≤0.05) samples sintered at 1200 X for 1 h

and XRD patterns of Sm0.03NiCo0.2Mn1.8O4

samples sintered at different temperatures for

1 h (b)
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Fig.3 Variation of lattice parameters with x values

of SmxNiCo0.2Mn1.8O4 (0≤ x ≤0.05) samples

sintered at different temperatures for 1 h
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