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Electrical Properties of Donor-doped BaTiOs Ceramics
by Atirition Milling and Calcination Temperature
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Abstract

In this study, We have been investigated the effect of calcination temperature and high-energy
ball-milling of powder influences the BaTiOs;-based PTCR(Positive Temperature coefficient Resistance)
characteristics and microstructure. The mixed powder was obtained from BaCQs, TiO2, CeO: ball-milled
in attrition mill. The mixed powder was calcine from 1000 C to 1200 C in air and then it was
sintered in reduction- re-oxidation atmosphere. As a result, The room-temperature electrical resistivity
decreased and increased with increasing calcination temperature. specially, Attrition milled powder could
have low room-temperature resistivity and high PTC jump order at 1100 C. attrition milling had lower
room-temperature resistivity than ball milling. Particle size decreased by Attrition milling of powder
influences in calcination temperature and room-temperature resistivity.
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AL el Yot Attrition millinge] Tha @& A
20 A8 R dxte Ay 2 B2 A E
EAdo] &g vE o= *@Z?Qﬂr[ﬂ

tﬂrrﬂ- ]umpE/H (LOg[Rm/Rzg])
1200 CelA Zastga A2uA
2 5‘] Zasithzt 1200 CTAA 543 7
3T £3], 1150 C dth2%oA 281x10 Qcn



J. of KIEEME(in Korean), Vol. 21, No. 3, March 2008.

)u
tlo

o we A 3189 JumpEA
= Attrition millinge st 4L dF4rLrEd
AoZ JumpEAL 1050 TollA F2A3
7t @wksl A Gm A2H A e
=4 27}3}“ A
G222 194510 Oone]
}i JumpEA L 3.08%
L)AL B EEAAAAN HE B o]
% o] g3 oF

e
=
ok
Iy Soro ME oy
Z o b
_>d' —_
o =
T 38X
@
o

S
@;zﬁ
é

2

Attrition milling-&

AdA A gsh e mASA 7
Hk-g-A o] ol wel sAE
Aoz Atmgr

oo ki 3@ ox

nj
o
l—ﬂ

FHEe) HAe

38 4. 49 BE xS 1200 T 42 v
AFZ
Attrition milling (2)1100 C (b)1150 C
(©)1200 C
Ball milling (d)1100 T (e)1150 T (£)1200
i

Fig. 4. SEM micrographs of sample sintered at
1200 C.
Attrition milling (a)1100 C (1150 T
(c)1200 T and Ball milling (d)1100 C
(e)1150 T (£)1200 C calcination powder

220

a9 40] M= Attrition milling® 232
% 1100 TS 1150 C, 1200 Col A dtadte] 4
29 1200 Colld 228 mAlFzelt) (a)~(c)
£ Attrition millingdted Z+z} 1100 € ~1200 Coll
A slastd de 1200 ColAM 4% A
o Aol (d~(De BYstd £22 =79
Ao AME ARlolt) stAL Yt Tolgd Wi 9
Z2717F 71 Aa 71F ZelE Attrition milling©)

B ol o
==

TdsA X" AL #2FE F A

71Ee] #d §}—‘:— Y EA7I8kA L2
W AFFE zed g4Ad sEHos 39
A ARV LA Th2g whEste] Atae] 29
Hol e AEART EA Hol AHHo=
QA A9 Aol Fopxy] wEolzta Fztiin
[11). 429 243} 22 PTCREFHE T3A7)

g Rudoq UvH7,12]. 2AA
2 7]F(open pore)> &7 F9 A
L ]

A EEd ¢ JA FezH

Aad ) A2EA E 99L du 79 ¢
32 9 71%%01 geuAge 432 WAL
Aol Abs HLHI3, 141

4.4 B

&

BaTiOs9] #29¢ attrition millingol W& #

A%ol 4 &= vAE aHE FESY oS
I 22 AFAE Yt
1) Attrition mﬂhng’\] Zto] ‘°1;S°ﬂ U]'E]' U]%

A s}
milling 3} <

A2 A% % w2om, jump
Aow,
A& 71“5‘;} 3y 2
o] o}l Attrition rmlhng° olg3oeH 2 &

Ji Pr
ne

§ ARGl o8 W oA EFH] T4
Zel weAol wobhol weh saewst woe
£ 4g40l Hedee ¢ ¢ g

3) Attrition milling® ¥l 2FUA=AIE=

v Felt A @gAw mEe A4 U
4% BTE MATRY /T Fes U=

v RYs] PER AL B2Y 5 AT 7Y
B 49 279 wEh ALuAY FgL v
3 Aoz oA,



(1]

(2]

(3}

(4]

(5]

(6]

uAtel 2

43 Fard Aed Ax

4712
A7H] Aol gt +AHY

S.-M. Su, L.-Y. Zhang, H-T. Sun, and X.
Yao, "Preparation of porous BaTiOs PTC
thermistors by adding graphite porosifiers”,
J. Am. Ceram. Soc., Vol. 77, p. 2154, 1994.
O. Saburi, “Semiconducting bodies in the
family of barium titanates”, J. Am. Ceram.
Soc., Vol. 44, p. 54, 1961.

W. Heywang, “Semiconducting barium
titanate”, J. Mater. Sci, Vol. 6, p. 1214,
1971.

G. H.
semiconducting barium titanate”
Electron., Vol. 7, p. 895, 1964.
J. Daniels, K. H. Hardtl, and R. Wernike,
"The PTC effect of barium titanate”, Philips
Tech. Rev., Vol. 38, p. 73, 1978/79.

M. Kuwabara,
the PTCR effect in semiconducting barium
titanate ceramics”, J. Am. Ceram. Soc., Vol
64, p. 639, 1981.

Jonker, ”"Some aspects of

, Solid State

"Effect of microstructure on

221

[7]

(8]

A7) A A w88 =82, A2lE A3E, 2008'E 349

J. G. Kim and ]J. G. Ha,
BaTiOs-based ceramics by high
Mater. Lett.,

"Preparation of
porous
energy ball-milling process”,
Vol. 60, p. 1505, 2006.

Chap. 1 and Chap. 2 in
Sepectroscopy, edited by J. R. Macdonald,
John wiley & Sons, New York, 1987.

Inpadence

9] J. S. Reed, "Principles of ceramics
processing”, 2nd. Ed., J. Wiley & Sons, Inc.,
p. 313, 1995.

[10] A. Roosen, "Basic requirement for tape

(11]

casting of ceramic powders”, Ceramic
transactions, Vol. 1, p. 675, 1938.

J. W. Cahn, "The impurity-drug effect in
grain boundary motion”, Acta Metall,, Vol

10 p. 789, 1963.

[12] M. Hillert and B. Sundman, "A treatment of

[13]

the solute drag on moving grain boundaries

and phase interfaces in bonary alloys”, Acta
Metall,, Vol. 24 p. 731, 1976.
Alles, A. B. and Burdick, V. L, “Grain

PTCR  barium
titanate thermistors”, J. Am. Ceram. Soc.,
Vol. 88, p. 617, 2005.

boundary  oxidation in

{14] H. T. Langhammer, D. Makovec, and Y. Pu,

"Grain boundary reoxidation of donor—doped
barium titanate ceramics”, J. Eur. Ceram.

Soc., Vol. 26, p. 2839, 2006.



