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Dielectric Properties, Relaxor Behavior and Crystal Chemistry Properties of
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(College of Materials Science & Engineering, Xihua University, Chengdu 610039, China)

Abstract: BagsBiop, (TigeZro);.Cu,0; (x=0, 0.01, 0.02, 0.03) were prepared by conventional solid-state reaction
methods. The effect of Bi** as donor doping in A-site and Cu®* as acceptor doping in B-site on structure and

dielectric properties were investigated by XRD, LCR and other techniques. The results revealed that when x=

0.03, the second phase occurred. The order of the defect dipoles stability from low to high is [2Bi,;a +V;B]\[2Bi,;u+
Cu;i/Zr], [Cu;i,zl_+V;).] by GULP. Combined with the experiments, the analysis shown that the relaxation degree were

closely related to the variety of defect dipoles, when x=0.01, the defect dipoles [ZBi].}d +Cuy,,, | were dominant.

With increasing Cu’* content, the dielectric constants increased, and the dielectric constants were inversely

proportional to the bond valance sum of B-site and proportional to the varieties of octahedral BOg volume.
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Table 1 Short-rang potential parameters for BBZT-x ceramics samples

Interaction AleV p/nm C/ (eV+nm°) Reference
00> 22 764.0 0.014 90 43.0 [22]
Ba*-0* 12144 0.035 22 8.0 [22]
Ti*-0* 877.2 0.038 10 9.0 [22]
7rt-0* 1 608.1 0.035 09 0.0 [22]
Bi**-0* 49 529.35 0.022 23 0.0 [23]
Bi*-Bi* 24 224 0.032 84 0.0 [23]
Cu*-0* 2 068.04 0.026 876 0.0 [24]
Species qle k/(eVenm? Reference
(0 -2.389 0.1841 [22]
Ba* 1.848 0.291 [22]
Ti —35.863 659.74 [22]
Bi* -5.51 3.9555 [23]
Cu* 2 9 999.99 [24]
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Fig.1 XRD patterns of BBZT-x ceramics samples
2.2 TEMBESH

Kl 2 2 CuO 2% BBZT-x P & A A [R5 28 1 4
R BCSIRE M RN, mE 2 /TR, HEha
x=0.00.0.02 2 0.03 H:f | ¥ H B BH 5 1 R HlOAH A2 FIS
FRAAHL, B A LR W (A PR R HIO0T I AR T, B
W SEAR I FLBE AR 3G 0, T, 1 v R T 1 RS S
R B & BBZT-x (x=0.00.0.02.0.03)7 2 i1 5th 74 4% i
TRIYRHIE ; 2498 2% i x=0.01 B Bifi 25 4508 (9 3 i, A
F 06 [ R 30 T I RS B AN AR | (SR R R IO AR Bk
HLRRRAIE

TEIEH BRHLAR | 7 A DR IO A2 B B H A Rt 74
YA B AR F 24 0] ) Lorenz 289 28 20 8 4 i A1 X6 A
BRI A TE . R Lorenz 22 2R A

F i B 7 R (3) L () X AT A P9 R KE AT R A
16 4 FhBBETE R 2900 . Bi, V. Cu,,, V.o HR
Frd P | 7 Coulomb J1ROPE T | 1E £ 5 7 H fof 4
TLORE AT REIE AL 3 R BB 438 2B 4V, ]
[Cu,,, +V, ][2Bi,, +Cuy, .

FR 4 JR Bk TC R 7 3 e | A 2R v B S (B 955 R
) AN S 22 R R R R TE L |, Glinchuk 1
Stephanovich?1 48 1 . 76 4k A 1A | o it g R Jik
O A SECTC A PR A T R TC R K 5
eyl A A e e R R B AR S R N N
71 B AE SRR R B IE BURPE 98 K TLIX (PNRs) , %
PNRs W BUBEFT 8% S AR N 3R KRR PR ES 24
BBZT-x B % [ 7 A (R 40 v P | 7 A R B A2 R



%7 ¥ B BagwBion(TiwZro)).Cu,05 M & A iLPERE SR AT 0 5 45 Mk A Rk 1403
4200
4200 J@ — —a—1kHz 2000] ® e
- ’-\:. —e—10kHz i / y —e—10 kH:
4000 o 3& —4—100 kHz, = i .{:/\\ i3 A
_ o Y 100 ki1 £ 3800 s f"‘\\,\v 100 kHz]
= eV A (—v— s s & -
g 3800 et Z 3600 i "1 =
Z 3600 | TN El vES k"
8 1 X7 o 340071 A &
S 3400 { A 2 ot h
83201 g 32007 &7
; 3000 " g 3001 7
5 v
[2 2500 ] 2800
3 600 26001

-40 -20 0 20 40 60 80 100 120 140
Temperature / 'C
8 000

7000 -

6000 -

5000

4000 A

Dielectric constant

3000 1

2000

-40 220 0 20 40 60 80 100 120 140
Temperature / ‘C

-40 20 0 20 40 60 80 100 120140

Temperature / 'C

7 000 A @ —a—1 kHz
?v —e—10 kHz

E 6000 ~4-100 kHz
‘é’ —v—1MHz
3 5000
£
3 4000 -
5
23000

2000 A

-40 20 0 20 40 60 80 100 120140
Temperature / ‘C

(a) x=0.00; (b) x=0.01; (c) x=0.02; (d) x=0.03
2 BBZT-x K ZHE G A o 805 TR 9 OC R

Fig.2 Temperature dependence of dielectric constant at various frequencies for BBZT-x ceramics samples
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Table 2 Intrinsic and extrinsic defect energy for BBZT-x ceramics samples

Terms EH E :

4 2 2
Ti/Zr Bi Cu

k.. E . E i

Energy / eV 18.94 20.39

84.35 -27.28 54.03

@ ®) ©

@ © ®

3 BB R Y BOULZE AL 7R 1R
Fig.3 Micro-structure models of defect clusters [2]3il'3u +V;u](a, b); [Cu;im +V;)'](C); [ZBi};a +Cu;i,zr](d, e, f)
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Table 3 Defect clusters energy for BBZT-x ceramics samples
Terms ZBi;ga +V;a Cu,”nm +V, 2Bi;§A +Cu:;.i,,l,
Eneray / eV a b [ d e f
-34.39 -33.97 71.78 -1.56 -1.43 -1.16

[2Bi, +Cu,, | 76 & o i 4E e G 40 5 2.1 .3
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e
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-0.22 .-1.19 -1.03 eV, K1t Gk mFe e v A
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80 T 5 A 9 G B 90 55, I LA PNRs 6 18 51
SR R TR OB R A, DA 2 DR
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[Cuy, +Vo 1 3, 6 R 7 7 5 3 | H o 4e 4=0.03

iV, W A F A K A A P B B e K TE ML
Bk, WP % BBZT-0.02 AR E IS, &
BBZT-0.03 7 58 2L 5t 35 14
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SN FR S T N T A A R e
FORASERY ALY b I S BRI SR S A
HERMERWMT,
Vi=3p; (6)
vy = exp[(R;—d;)/b] ()
Horb b HEH037,R; WEHSHP B LR
WH d, WK FE BBZT-x B U XRD A7 5 4%
INE %) i TE 95 B8 (hdk) M FR BE (20) A, R FH B /s — 3fe ik i
PR A AR B AR W A a o, NER 4 R, B AV

®4 BUMBETFEEETHFHEK

Table 4 Average bond length between B-site cations and oxygen ions

Lattice parameter B-site
Samples
a=b / nm ¢/ nm dgor / nm dgop / nm
0.00 0.402 66 0.403 09 0.201 55 0.201 33
0.01 0.406 56 0.392 95 0.196 48 0.203 28
0.02 0.402 79 0.403 36 0.201 68 0.201 40
0.03 0.403 11 0.403 88 0.201 94 0.201 56
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Fig.4 Dielectric constant and B-site bond valence sums
for BBZT-x ceramics samples as a function of
doping content
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