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Abstract: The influences of CuAl,O, doping on the microstructure and dielectric relaxation of CaCu;Ti O,
(CCTO) ceramics were investigated. The dielectric properties were measured in the frequency from 10" Hz to 10" Hz
under the temperature from 153 to 453 K. It was found that reduced CCTO grains as well as improved microstruc-
ture were achieved by addition of 30mol%-50mol% CuAl,O,. When sintered at 1100°C for 4 h, enhanced electric
breakdown field of 13 kV/cm was obtained with 50mol% CuAl,O, addition, while its diclectric loss at low fre-
quency was greatly suppressed. Three energy levels of dielectric relaxation processes were found. It is suggested
that energy level 1 eV of ~0.10 eV, corresponding to high frequency relaxation and barely varied with CuAl,O, ad-
dition, is attributed to the intrinsic electronic relaxation. Energy level 2 decreased from 0.50 eV to 0.22 eV with in-
creased additional CuAl,O,, possibly resulted from multi impurities and boundaries. The energy level of conduction
process rose from 0.66 eV to 0.86 eV with increased CuAl,O, addition, which can be attributed to the block effect
of more grain boundaries. In addition, the excessive content CuAl,O, resulted in collapse of grain boundary barrier,
leading to the vanish of non-ohmic properties and high dielectric constant.
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Fig. 1 XRD patterns of CCTO-xCuAl,0, (x=0, 30mol%,
50mol%, 200mol%) composite ceramics and CuAl,O4 samples
sintered at 1100°C for 4 h (a) and BSEM image of sample with
200mol% CuAl,0O4 (b)

F1 E1b)hMiX 589 EDS HEILER
Table 1 EDS results for the marked points in Fig. 1(b)

Element /at% A B
(¢} 10.54 13.53
Al 2.84 27.91
Ca 10.68 6.55
Ti 38.93 10.90
Cu 37.01 41.11

K2 AFZSRGELE 4 R CCTOxCuALO, M) SEM i
Fig. 2 SEM image of CCTO ceramics

CCTO ceramics sintered at 1100°C for 4 h (a) and 10 h (b); CCTO-
50mol% CuAl,O, ceramics sintered at 1100 ‘C for4 h (c) and 10 h (d)

CCTO dhi ) EL i, 55 —AHMATFLAE 2 m T
FEL I R A8 st FER T R, AHIE] T CCTO
Kb AR, R RS T35 . KRR 45 ]
fSEAFAE T TR S AL 25 2 Mt T 2 s A, T A
AR B2 Wy A B A e 4, 5 30 oRL HH B 5
[ ]S o A2,
2.2 J-E HHEFNIr B ERE

X RS RER A, ARZREIEH I=(UIC) =kU” 7R,
b, o MARZRMEREL, TR B o= gL/ L) 1g(Vi/ V)
HHATHEL, HA R L = 1 mA, L=0.1 mA, V, fil 1,
oS N s, 5 5 5k By BUFURAE 1 mA IR 3750
K 3(a) 1100°CHE4E 4 h A1 10 h (1) P B FE b I FE £k
PE R B o Ak 53538 Ey B CuAL O, 25 1148 1k Hh 28,
AT LA Y a il Ey #BBEHE CuAlO4 25 &3 I 2 80 2%
B JE N AR . 1100°CHESS 4 h F1 10 h (1)
FE T N IR PE REL o AN 5.0 43003 K4 7.3
6.6, SRIGEHTH/NE 2.0; FET R Ey, 12 I
3.0 F1 1.2 kV/em ETF5] 13.0 F1 8.0 kV/em, R 7>
MR EES] 1.0 A1 0.4 kV/iem. BEHBEGE INHA] T K,
FE b I AL M R BOR o 27 I o B BT T B

BE—2DXF 1100 CHe4s 4 h 1) CuALO4 #F i Al
CCTO-xCuAlO4(x=0+ 30mol%- 50mol%. 100mol%.
200mol%) K i £E 3 T 1) J-E R PEtAT 207, i
3)Fin. MEL 3 FTEIER T x=200mol%1Af i, H
fiby 52 AH B SR i 35 2 B WS R Al R U R AE
CuALOFF i J-E R R B LR R HBL RROK,
b5 2% 50 200mol% W AE i 52 CuALO4 IF1 5 5 4
BE, LT MR AR AR 1

CuAlLO4 35 4%k 50mol %R FE b J-E F 1k e e,



5510 1 ZEHE, S R AE CuALO, B 28R CaCusTiyO, M A Ho M RS 1 5 ) 1059
e 0=6, Ev=13 kV/em. {E ALO; 7% CCTO I e @R, Cyp R wR,C, | @
. N N - N = —_—— |+ T EEE——
e R I, ALOs 1T AR i 5 48R B8 110 A I, Pt (@RyCp)® F 1+ (0R,C,)

JEUREAE B CuAL 0412, Hodk 2 b
CuO + AL O, = CuAlL,0, (1)

e
2

[FIFE, ALOs 45 2% i 4 50mol% [ F & AE fh 75 1100 °C
fedh 4 h i sk E, A3 21 kViem, XS
A% CuALO4 FlB 2% ALOs IRIFF il s R 11 35 21 5 £
JI i 1 Al JC %5 44 E R LU TR o (H 2 #5 4% 50mol%
ALO; Ff i Itk 28 358 1 2 5 T A I 50mol%
CuALO4 FEM I 28 08, X UL ALO; IMFE
it Fs B0 PR 7 DL S8 S OO R AR A R A A
CuALO, MEH, T HB4% ALO; JUALAE i CuALOy
(I FE WS AR T RS L HE VAR BR 45 10 & WA, M\
T B T FE

Kl 4 4 1100 CTHeZs 4 h ) CCTO-xCuAl,O4
(x=0. 50mol%- 100mol%) & i & =i F &R
RELBC o 5], P 46 1] A v Ao JBOK ¥ . CCTO B e 1)
2 BT ph vy 400 B TR /0 i 2~ 5 R A0 B (1%) K it
R AR, R ARBE IR Y [ B SR T L, T AE e A
BNl 22 tH LA ESE IR, R Y AN 57 2 1) /) ifh 2
. M IBLC BB, CCTO [ fboki F & F 45
LR AN IR RC AL, JL A AT &
INA:

Cu,0 + AL O, + %oz = CuALO,

: Ry, R
7' =7-7"= = + 2 3)
I+ioR,Cy,  1+i0R,C,
Hopr Z7A 2738 0%
_ Rgb n Rg
1+ (@Ry,Cyp)* 1+ (wR,C,)’
. 24

L—dh—1100-4 h
| —@—1100-10 h
—A—1100-4 h
—O—1100-10 h

=

50
CuALO, / mol%

100

E(kV-em™)

TH Ry FI1 Ry 5391 Ay R [17) A5 355 v BEL R 7 110 25 3k
HLBE, Cg Al Cop 43 A 275 SRR i ST LAY, o0 A2 A
R . X 4 BRSBTS Ry A1 Ry,
Wik 2 fiom. MWRPATLUEH, BE% CuALOs &1
(RTI8 0,  RIRE 1) 25 25k el HL i A S BN O 9 K g R
b TR AR R FL LA 3.7x107 Q 9K 3 2.0x10° Q, 4K
JE AR A 2.3x10° Q, SFEM AL RN 5
S AR AW A

1100 CKEL5 4 h ) CCTO-xCuALO4 (x=0.
30mol%- 50mol%- 100mol%- 200mol%)f¥ i 7F il
NI ERRE & 5 B, R S 107
#1107 Hz, (). (b)/r 5L f ki FOM A v
FEGMZENI KR 7E x<50mol%uHE P, LI 10° Hz
AREAY G, 10° Hz BLRRE S A B Eos ol 1
i, 10° Hz Lh_EFEF A s B2 R R RS 100 Zi45,
T AR st A2 A AT A P 5 I A0 6 5 A F 5 R O St
(& 5(b)), &M Debye #atkib>, B
CuALO, FRIBI, W EE10° Ho)W &8
NF#, tano WEAE AT /N, TP (10°~10° Hz)P,
eBUE NI, tand IR R ETF . Hop x=50mol%FE 5 &
I/, 1E 10° Hz 4625 2000, tand 14 0.2; (K50
Fil(<10° Hz) N, ¢l tand FIEUE R/, 0.1 Hz 4b tand
M 4.1 REEE 0.54, FF5 SR B2 FHEL. Y
CuALO4 B2 H 100mol%. 200mol%Ih}, ¥
HIE IR o A, AR R AR R Ok
2.3 TG TE

N T KT CCTO-xCuAl,O4 K AHE % 1) A FELAR 5t
R, SRR T AN B RES A R RE . BT
CCTO P EARANE BBl sl % i vl B AT LA i 11
BT, 1% R A HE R A X 8 A Ak 1L R,

=0 —A—30mol% —y— 50mol% ()

<}— 100mol% +200mq]°¢e
_—o—c‘um}(hr..-r""“ Lis i
-

E/kV-em™)

0.2

0.4 0.6
J/ (mA-em™)

K 3 CCTO-xCuAl,O4 EFHFGEF CuALO4 ¥ M INAEZNE R E (o) 5 ZF 58 (Ey) F J-E FiPE

Fig. 3

a0, Ey,and J-E characteristics of the samples at room temperature

(a) Dependence ofa and E, on CuAl,O, addition; (b) J-E characteristics of the samples sintered at 1100 ‘C for 4 h with different CuAl,O, additions
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Fig. 4 Impedance spectra of CCTO-xCuAl,O, composite

ceramics sintered at 1100 ‘C for 4 h at room temperature
(a) x=50mol%; (b) x=0, 100mol%

Fz2 ERT 1100 CKL 4 h HEABRR AR ENERE
Table 2 Resistivity for both bulk and grain boundary of the
samples sintered at 1100°C for 4 h at room temperature

Doping ratio Rgp/MQ R,/Q
0 37 47
15mol% 274 140
30mol% 426 190
50mol% 2008 203
100mol% 520 264
200mol% 0.23 -

T8 S AR M*TSY CCTO P &ttt #, w] LA
il LR T, AT B A 2K BB SO A 42 st
WAL, SRR A d B e 1ol R, B
M =1l =1/(e'-ie"
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Hrh, & A B, e T 43 5k A R B S
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1) MBESCR AR 2 . K 6 1T LI HH CCTO-

5 1100 ‘CHedh 4 h CCTO-xCuALO, FEMAEEIL T (a) &
Fli(b) tand B AN A2 40 G FR

Fig. 5 Variation in dielectric constant (a) and dielectric loss
tand (b) for the samples sintered at 1100 ‘C for 4 h with
CuAl,04 addition
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Fig. 6 Frequency and temperature dependence of electric
modulus for CCTO-50mol% CuAl,0, composite ceramics
sintered at 1100 C for4 h

(a) 153-273 K, (b) 333-433 K. the inset in (b) shows the energy levels
of defect relaxation calculated by Arrhenius law

% 3 1100 Cke4s 4 h CCTO-xCuAl,O, (x=0. 50mol%.
200mol%)#f f& R HA 3t IE K BEF1 T ZF 3558 Ey
Table 3 Energy levels and breakdown field E;, of
CCTO-xCuAl,O, (x=0, 50mol%, 200mol%) ceramics sin-
tered at 1100 C for 4 h

Sample  Peakl/eV Peak2/eV Peak3/eV E./(kV-cm™)
x=0 0.11 0.51 0.66 3.0
x=50mol% 0.15 0.40 0.86 13.0
x=200mol%  0.15 0.22 — 1.0
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