Netsu Sokutei 37 (3) 104-111

FRREEEE R R E R EEEE R R REEEE R

& = i

EIE R EE R R E R EEE E R R EEE EEEEE

RFEEREAH A T AZEERDI ) TI2EB
REEBEZE L & Z DEKESHBTENDE

IR, VLYCES, AR, NI ¥, B M
(%ZHUH : 20104F1 A29 H, <#H : 20104F4 A25 H)

Variation of Defect Structure of Interstitial-Type Oxide Ion Conductors
Due to Milling and Its Effects on the Low-Temperature Heat Capacity
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This review describes the defect contribution of La-doped PbWO4 oxide ion conductors
in terms of low-temperature heat capacity by comparing the sets of samples prepared by
sintering and mechanical alloying (MA) methods. The heat capacities of the sintered samples
with oxide ion interstitials are slightly larger than those of MA samples with essentially no
interstitials around 100 K, because of the excitation of oxide ion motion as well as the lattice
distortion caused by the presence of the interstitials. In addition, the variations of defect structure
and heat capacity value due to milling the sintered samples are studied; oxide ion interstitials
disappear rapidly during the milling process while the vacancy formation at all the general site
accompanied by the softening of lattice proceed gradually. Precise heat capacity data with the
help of powder density and neutron diffraction results reveal some meaningful aspects of the
defect and conduction properties of the oxide ion conductors.
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Fig.1 Schematic view of the structure of PbWO,4. Small
black, middle gray and large white spheres
represented tungsten, lead and oxide ions,
respectively. Cross marks corresponded to the
estimated positions of localized oxide ion
interstitials.
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Fig.2 Measured and calculated powder densities of
Pb;La;WOusy2. A : measured densities for
sintered samples and O : MA samples. Solid
and dashed lines denote the calculated densities
assuming oxide ion interstitials and cation

vacancies, respectively.
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Fig.3 X-ray diffraction patterns of (a) PbWOy prepared

by sintering and MA methods, and (b)
mechanically alloyed Pb;La,WO4sx2 (x = 0.1 -
0.4). Additional peak of La,O3 were observed

for x = 0.4.

BALI A & 2 A4 B THARPET LTV, '"MA 70k
BT A A U AT A B LD S IEHOT A4
MIBRIZASL L HIE, 1+ BRI E5T5EEZD
NBHETRIRIL A+~ IIMA BE TR Sz wT
HH)o EHICEZIE, MAETEE TS L, BEfkE 1
HLBHEIEDTH —TH V) 2055 KIpHEED#E NI L ) A F
COFERTENEL o TWBLIEENEN D S, HE D EIR
129 % & R Bk O TR & 1 5 BE SOBASEI T L T L £
DT, FhiFERE L TE 3400 CLLT OiFERMFERE
170 TA & BB 2 HEW L 720 Fig.d(a)B X U(b)IC
Pb; ,LaWO4 1. (x=0.2) OBEHEFEROMKTEIN
% electric modulus (M* = 1/e¥*) DFEFR G & BE D
B 2R T . O 2 CIBMBE 2R 2 IR 2
M DL ERY EM OY— 7 HEEIE N, BEEFINE-
TEEEIICY 7 P LTWwotz, A F MEEkoWs, &
W TIETEA 4 225K TF VY v VOB ERBE) L T\ b
AR DS BCR L, (R ClEEY SR E TORMIZR
T VO ERD) R UL SRR A L Tn
% EEWMNHATE 2, EBIERROTEE LT A )L F

Netsu Sokutei 37 (3) 2010



(@ o005
0.04f
0.03f
0.02}
0.01

0.02

120°C 160°C 200°C 240°C ' 280°C

0.01F .

0.02

001/ *

10°

10°

1ol P
104 108 107

f/ Hz

Fig.4 Frequency dependence of electric modulus for
Pbi.La;WOy4s2 (x = 0.2). (a) Real and (b)
imaginary part of the modulus for the sintered

sample and (c) imaginary one for the MA sample.
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Fig.5 Excess heat capacities of (Zr0O)i..(Y.03), derived

from the assumption of simple additive rule.
Solid line: x = 0.078; dashed line: 0.097; dashed
and dotted line: x = 0.114.
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Fig.7 Measured heat capacities of Pb;,La;WOus2 (x

= 0.2) prepared by sintering (A) and MA (O)
methods. Inset shows the C, around 100 K in

an enlarged scale.
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Fig.8 Excess heat capacity of Pb;.,La,WOusr2 (x = 0.2)
obtained by subtracting the measured C, of MA

sample from that of sintered one.
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Fig.9 Heat capacities of Pb;,La;WOu2 (x = 0.2)
obtained by sintering followed by milling for
various periods. The milled samples for 0 (O),
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hours are plotted in (a) all the temperature range
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Fig.10 Milling time dependences of the heat capacity
for PbiLa,WO4sx2 (x = 0.2) at (a) 100 K and
(b) 15 K.
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