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ABSTRACT

The characteristic of calcined BaTi(% powder and simtered PTC ceramics was investigated varing with calcina-
tion temperature and time of BaTi{C;04); 4H:0O synthesized from BaCly-2H,0, TiCl,, oxalic acid and ethanol
by oxalic acid method. When the particle size was less than (L1 um by controlling calcination temperature
and time, the resistance at room temperature was measured very high {above M), However, when the calcined
particle sizes ranged from 0.2 to 0.3 ym, the resistance was 100 £ {After sintering, the grain size was 10~30 um).
The tetragonalily had been increased as the holding time of calcination got longer at 900T and then the
particle size was 0.2 to 0.3 pm homogeneously for 24 hours calcination time, Although the BaTiO» particles
was calcined properly, when grain size was controlled as the 10~-30 ym homogeneously with the addition
of dopant in sintering, the resistivity, resistance, o value and jumped to were 110 $-cm, 24C /% and 10° (2,
respectively.
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Fig. 1. Flow chart for PTC ceramics manufacture.

Table 1. Calcination Conditions

Sample No, Temp. (T) Time {(hrs.)
1 800 2
2-1 SO0 2
2-2 G900 B
2-3 50a 16
2-4 500 24
2-5 900 32
3 1000 2

2H,04} TiClig, FALNAZ oxalic acid® TiE 7|&
52 &9gL o) 25 moleR ste] aoksid oy, HolAE
ethanol& AF-&3ledd). Bally2H,08) TiClyy Z=F<pe
o] LA o] AEAE #dg F molpE A
Arslgdch Bast Ti8) molele Ak} <7t excess®
8] B0C = §A8 Aol A Edsldr) 0T 2 f7
H &gt 29 rlg] EFF gxalic acid oA}
ethanol$- drop by drop 2.2 371ele] BaTiCal) - 4H:0
AHEE 2 T 5% ApNO; $9 o7 Cl7o) 7&=3|
e ha] e THe) oske2 AAsle] 100T
oAl ghepe] F wlzkA] AFstgol A3 £1bL Table
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Fig. 2. TG-DTA curve of synthesized BaTiO(CoOye-
4H,0 powder.
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Fig. 3. XRD patterns of calcined BaTiQ; powder with
the various calcining temperature.
{@) Dried powder, (b) 600C, 2hrs, (¢) 800T,
3 hrs, {d) 90T, 2hrs. and (e) 1000T, 2 hrs.
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Fig. 4. XRD patterns of calcmed BaTiQ; powder with
the various calcining time at 900T on synthesi-
zed BaTiO(C.04),-4H:0.
(a) 2hrs., {b) 8hrs., (c) 16 hrs. and (d) 32 hrs.
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Fig. 5. c/a value of calcined BaTiO; powder at 900C

for the various calcining time.

Fig. 6. Morphology of calcined BaTiO: powder at S00C
for 24 hrs,
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Fig. 7. SEM photographs of calcined BaTiO; with the various calcining temperature.
(2) 800C, 2hrs, (b)Y 900, 2 hrs, () 100T, 2hrs, and {d} 1000, 16 hrs.
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Fig, 8. SEM photographs of calcined BaTiO; powder at 900T with the various calcining time.
(a) 8hrs, (b) 16 hrs, (c) 24 hrs. and (d) 32 hrs.
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Fig. 9. BET value of the calcined BaTiO; powder at
900C for the various calcining time.
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Table 2= 314 A% BaTi0: 4ol 0.14 mol.%
ShsQs 0.04 mol% MnQ; 2 0.5 mol% S5i0.= A7k
1270C o A1 1320T 71A12] 2504 14]2F 825k &
A PTC Agp=lze] Wgte] AbZelxe] ARAEE
vERd Aol AR 1, 2-1. 22, 3] A9 ¥ AYGE
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Table 2. Resistance of the Sintered PTC Ceramics
with Change of Sintering Conditions

Sintering Temp. (C}

Sample No.
1270 1280 1300 1320
1 X A A A
Z-1 A A Fay s
2-2 b4 A A &
2-3 b’s 4 O O
24 b bl O O
2-5 X x O O
3 A A A b

*Base Composition of PTC Ceramics {BaTiOs+ Sh.Os
+MnO,+510,)

A 100 0~10 MO

C: 300~V

X: 10 MG o4t
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11. Microstructures of sintered PTC ceramics.
{a) Base composition and (b) 0.03 mol% Ca0
+base composition

1E+08

1E+07 [

1E+05 T

1E+03 |

1E+01 100 200 300

Temperature (°C)
. 12, Resistivity vs. temperature characteristics re-
lationship on sintered PTC ceramics with the
CaQ addition {13007 ),
{2) Base composition and (b) 0.03 mol.% CaQ
+ Base composition
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Fig. 13. Microstructures of sintered PTC ceramics with
dopant addition.
{a) Base comp., (b) Base comp.t+CaO0+AlLOs+
TiO: and {c) Base comp.--Cal0+ ALO,;+TiO,
+Li;CO4
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Fig. 14. R-T characteristics of sintered PTC ceramics

(Base comp.+ Ca(d+ ALOs+TiOz).
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