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Abstract: In this study, ZnMn;,Os (x=0.95~1.20) specimens were prepared by using a conventional mixed oxide
method. All specimens were sintered in air at 1,200C for 12 h and cooled at a rate of 2°C/min to 800C,
subsequently quenching to room temperature. We investigated the structural and electrical properties of ZnMn;..O4
specimens with variation of ZnO amount for the application of NTC thermistors. As results of X-ray diffraction
patterns, all specimens showed the formation of a complete solid solution with tetragonal spinel phase. And, the
second phase was observed by the solubility limit of Zn ions in x>1.10 composition. The average grain size was
increased from 2.72 um to 4.18 pm with increasing the compositional ratio of Zn ion from x=0.95 to 1.20,
respectively. Zn; ;oMn; ¢oO, specimen showed the minimum electrical resistance of 57.5 k& at room temperature

and activation energy of 0.392 eV.

Keywords: Temperature sensors, Zn-Mn-O oxide, Structural properties, Electrical properties, Mixed-oxide method

1. M B g2 39| AMgEo] 21 Ql+= Ajmolt}.
Holad YAl AtetE2 AB049] Ayl AA
Mog MMnsxOs4 (M=Ni, Zn, La 5) 4tsl2 X5 7KL oW, A-At2|ol= +2719] &40], B-A
MtiAas %o ot A7[XEo] Zastke NTC  2lols +3719] g74o] ARstH, 4kAol22 HAIUY
(negative temperature coefficient) &4 UE}+ AR LxRO] HAXPo| 2JX|gtc} o= dd¥rRloz A-
o, olgist AN §44& ol&ste MulAE 2=AIM A9 o] 4WA|(tetrahedral) 25 7HA|H, B-A}
2]of= 8HAl(octahedral) x2S P J5t0, ABOs T

Ay

0-.~—~—L|

=

a. Corresponding author; Isgap@gnu.ac.kr }\ﬂjL_Oﬂ 327H9'] 1‘\_}5\_01 %m 87H 94 4§iﬂ K}E,] 9'} 167H94
8HA At2]of <golo] ARsti Qlof, ©HANZ o
Copyright ©2016 KIEEME. All rights reserved. 56719 WURtR FAE o]l QtHl]. AWY AFILxE

This is an Open-Access article distributed under the terms of the Creative Commons

Attribution Non-Commercial License  (http:/creativecommons.org/licenses/by-nc/3.0) 7. ™ol uly Ast20] A7 £ &
which permits unrestricted non-commercial use, distribution, and reproduction in any A~ ‘j ] a7 o ‘—}741 ‘—}9}34] - ] R
medium, provided the original work is properly cited.

Abo o] A5}

o v d



A7) AR A 78 3] 3=

D)
D)
9,
ot
=2
1o
rol
fol

= (hopping) =7z A]
At dF +27F o]2o] +3719] B-At2jo] AR

A TSt sl 8WAl At
ol2&tdo] wet 1

ditqoz A
sqde a4t F59 4&4 =40l 37 oj&
sfof, 94dt A7IK 542 ¥7] s 2AkE (3],
&-28% 4. &84 5] & AlE AlxE 394 ek S
Crre 220 TR Al v 7EA, WA
S730l oot et A4h AsgE A 9

Zn:Mn3 Oy X 7

A, A71eeA, wes Al
47}, 2ol HEe S3020] S| AT A
5ol s AyHw

71
28 7t

= AgdAes 71 2422 ZnMns,Os
(x=0.95~1.200& AEist &, W&ol ZnO(99%).

Mn;05(99%) Al&5 AR&ste] AlHZ AlAstlth. ©
Az Aes A0 o2t g £ o8 dE2
AR 5to] A2 Yot &2 o]gsto] Aoz 24
AIE EF 2B R 2 wAeka. &Y =AY 2
S 900°COl|A] 2417t =9t stastyon, staE Hor
S0 §7] AZAQ PVA 3 wt%S Aristict =

o4 nYyArE o]8sto] 1,000 psi9
doz U4F Héﬂﬁ}ﬁq. dEE 4 24E AEHE
Aot on, 800°C7HX] /\1
WAIA 108S %7‘]7\]7\_ 202 GAIA AT
AAYs T, AlEe] Hato] oE 12 A 5

ot 7] 95l DTA-TG B&A Aldy X-4d g4 &

ftjo m

\_
3

A, A29¢8 A8= pp. 470-475, 20161 8Y: 7

15 471

Table. 1. Chemical composition of ZnMn;O4

Content(mol%)
Sample Zn0 Mn,0;
(a 0.95 2.05
(b) 1.00 2.00
() 1.05 1.95
(d) 1.10 1.90
(e) 1.15 1.85
€3] 1.20 1.80
[ Starting materials ZnO, Mn,04
o
{ Weighing & Mixing Ball mill, Ethyl alcohol, 24hr
o
[ Drying 100°C, 24hr
o
{ Calcination 900°C, 2hr
°
{ Mixing & Binder Addition of PVA , 3wt%
G
[ Forming 1000psi, 12¢
o
{ Sintering ] 1200°C, 12hr, in air
) o
{ Quanching l 800°C
[ It

Zn-Mn specimens \

Fig. 1. Sample fabrication process using mixed oxide method.
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Fig. 2. DTA-TG curves for ZnMn,O4 powder.
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Fig. 3. X-ray diffraction patterns of ZnMn;O4 specimens: (a)
x= 095, (b) x= 1.00, (c) x= 1.05, (d) x= 1.10, (e) x= 1.15,
and (f) x= 1.20.
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Fig. 4. FE-SEM surface images of of ZnMn;O, specimens:
(@) x= 095, (b) x= 1.00, (c) x= 1.05, (d) x= 1.10, (¢) x=
1.15, and (f) x= 1.20.
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Fig. 5. EDS mapping image of Zn;isMn;gsOs  specimens.
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Fig. 6. FE-SEM cross-section images of of ZnMn;,O4
specimens: (a) x= 0.95, (b) x= 1.00, (c) x= 1.05, (d) x= 1.10,
(e) x= 1.15, and (f) x= 1.20.
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Fig. 7. Sintered density of ZnMn;,O,4 specimens.
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Fig. 8. Temperature-resistance of ZnMn;,O4 specimens: (a) x=

0.95, (b) x= 1.00, (c) x= 1.05, (d) x= 1.10, (¢) x= 1.15, and
() x= 1.20.
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Fig. 9. Arrhenius plot of In p and /T of ZnMn;,O, specimen.
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