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ABSTRACT

The tetragonal tungsten bronze type of Sr,Ba; NbyOg(SBN) (0.3=x=<0.7) ceramics was synthesized by the solid state reaction
method, and the dielectric properties of SBN ceramics as a function of Si/Ba ratio were examined. With increasing Si/Ba ratio in SBN
ceramics, the Curie temperature decreased and the maximum dielectric constant at the Curie temperature increased. The relaxor
behavior of the SBN ccramics as a function of Sr/Ba ratio was quantitatively evaluated. More relaxor behavior of dielectric
characteristics was observed as the ratio of Sr/Ba increased. The experimental results are explained with a viewpoint of crystallography
of tungsten bronze structurcd SBN ceramics.

Key words : Tungsten bronze structure, SBN, Relaxor, DPT

1. M E gz %3 T BayNaNbsO s(BNN)H K LiNb,oO3,(KLN)
Sol olddl &8t Axjg] olZo] FRHOZ 2} AL 7
HAREHEZ AAFZ2E Fg 194 BE ehel 7ol £ ¥ alt(c,mpty) BExg Hs0 Az 5/601 2}
Nb,Og HHAH| ] AZ= hr":’%_] (AT1)(A2)4(C)(B1)B2)503 UE S, BaNb,Og(SBN)o] of7]of] &5t} o#fdt A&
o) G AANE 7Y 557 ol A=E TR Yk T ol FRFHE 2 ARY o8 71X E8lF A
ol#F ol A F BAHCl= Nb EE Ta ol20% Zoll Aigk G v ZAem ot
AAA e A9k CARlE 0‘%“1 EE 9] EFEL Hlojoles BEER &5 71F SrBa, NbOg(SBN)
2 AYE 5 Qo] FEE FF H’a% Ago] 7Fssiet? 025=x<0.759] W ¥ H] 24 Sr @ Bakel 2§
ole} Zro] BAH BE= JF2E Vi FFEL PR B o] 7FEsiH o] & J ol TB phaseZ & 4 it}
2 FF7F AL o]&2 AR TN A ZIEL Sr @ Ba ¢ 2EL Ao AZPeElE AR EH 2
CAElY ol HRFE7} 7"4 e Zlelge] Utk F A4 7He ARE] %‘- OXAE o] Sr & Ba o]
olg & AXHE] Yeolo] BT 2} 3lE AE Fifilled) X A8 Y] e WA E EBAd. o] HRlels
: - AREHO A BREsh Bxgean? SBN Aggsrt
,I,EOTFCSPO“di“g author : jikim@knu.ac kr ) relaxor S 2] Diffuse Phase Transition(DPT) H4-& Ho]
This paper was accepted as an on-site paper at the submitted 2001 fall 4.7y
technical meeting of the Korean Ceramic Society. Al . oF&# SBNE 7 AMEEA e 2 234

-1167-



Fig. 1. Atomic arrangement in a unit cell of a tungsten-bronze
type structure projected along the c-axis. (by P. B.
Jamicson et al.)
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Tig, 2. X-ray diffraction spectra of SBN30, SBN50 and SBN70
samples sintered at 1350°C for 2 h.
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Fig. 3. SEM photooraphs of (a) SBN%O (b) SBVSO and (c)
SBN70 samples sintered at 1350°C for 2 h.
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Fig. 4. Temperature dependence of dielectric constant and
dielectric loss of (a) SBN30, (b) SBN50 and (c) SBN70
samples.
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constant was measured at 10 kHz.
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content.

2ndAe] AW FAE&E SyBad H7F E71E4E T
7kt

Fig. 6= Fig. 4 B Fig. 59 F354S S8t &
vhe] i ZE Vet 28N BR8] LEht i)
Sr gato] ZrFE] uk}l AbAHe] £xoAe] FA48 Fe
HAH o= F7Iet.en o] e AMEoE e
Ak 3714 FEE Sr FEol B wE fHel] F
e TB 728 7}-2]J, 213 SBN Alghd)2e] o] azlz]
He 2oz A 4 9r)

Relaxor 7158 7} o}f AEF sP0=A] o3 =
si<rof A1 9] 2:%?801 SER Z, AT g LHE 5
1 MHz&} 1 kHzolM 2] 7ol 2E=RHATA(=T e mue-Te 1ez)
B x<0.59] FYoME AT el A 00l 717ke] S
olEAL VERA] AR x=0.62] SBN602] 7% AT
Zro) 14°C, SBN702 24°C A== S71ge=H S ¢

;
AT



Sr/Ba B)ol mh= Sgontium Barium Niobate Ajgl=]x9]

o SBN30
a
0 SBNA4C @)
3] A& SBNSO
v SBNSO
_ © S$BN70
£
¥4
*
=
=] -5 = &4
s o 4 1.26
| 1.20
& . 1.31
N 1.34
. . 1.48
0.0 0.5 1.0 1.5 2.0 2.5
Log (T-T )
(b)
4
3_
>
£
w
24 Comp.  Clx,,,
SBN30 599
SBN40 287
SBN50 427
1 SBN60 529
L sBNI 1037
o 1000 2000 3000 4000

(T-T)"

Fig. 7. (a) Log(1/1-1/%,,) vs. log(T-T,) plots and (b) tempera-
ture dependence of reciprocal dielectric constant of

specimens.
o] F7VEFE relaxor 71%0] Z5HA WERITEH
Fig. 72 SBN A]H2] DPT /4 To 2oz Ak}
o Ueld Fo|th Uchinos?"e &dg¢ DPT 7%l

Gaussian X2 VEhliE 212 ojaicta ofgfe] 2} o

$81d FaE Amshac.

T3
1 _(T-Ty o

= 9,

K A, Ko AW FAE, TS 25, Tc
= ’8‘@‘3’] 25, ¥e dlﬂuseness coefficient, 2|2 C=
Curie-like constante|Th 9} 2]2] <k logE 33l log
(1/x - 1603 log(T-Te)el BAIE Fig. 720 JYeRid
th O 71E7IE RE vE T ded AF e ol
_i 12} ’MO]E FHtele AE5Y ¢ 15, 27 430
% sk A2 A% 28 UeiiE Fos geix Y
J#Fze] 71e7)® 8 v SBN4ORE SBN707:A X))
HE 1.20, 1.31, 1.34, 1.48% JeRe] SBN40S 7|&2
2 S8 Tgol FUIESR 23 Adeldl| kAl Al

it
i
_>.:,

H7EA 1171

= BRI A1) Ak gl ek & g

X K'lTlﬂX
=1 +—C—(T—Tc)Y @

13 T kxS (T-Tp'e #AE
Fig. 7(b)e] L}E]LHM b 239 71871E FE ChuE T
g 2= ol=d] o] e nm_o_] ?AgEHN DPT ALS
AgHon Ve 5 Aok Ok S SBN40SA]
SBN70© & §r Feko] F7V&E 287, 427, 529, 1037
vehllo] DPT Aol F7she Z02 Hrisglen] oA
< Fig. 69 AT A#ets LAt

4.

ki
[

SBN Altgl2olr SrBa¢] Bl F1& ¥ ohvzt
DPT @iz 2 Fa& Pixle 2oz veidth |4 #
Hegdl 98 s 27, sBNY Folexd F s
Ba o|&°] X8k AxlEle] - AlAlE] Beh A2AEl7h
driEez 3B ofHe] & Ba o] AR, o]
eRgo] AL §r ol 22 AIKFE dEFTE e’ A
oA Sref Fgol "7}3‘ A Vi AIAEE B AT
T g o] A2 A7HA U’Eﬁﬂ AASA FEZ A2

g]oE Ba ©]23% Sr ol2o| FEHA Hrh o] A% ol

gHgo] o ZE Sr o]2¢] Ba ol&e] EA) 1E4 A2 AR
A8 &J_i A2 7]l EAshE Sro ol o= A=
8 FA £5L FulsiHaE 37E0E °4v7} 7=
= Z]—%Pr%&ﬂ T/ 2 1 T8 TR AL
= AZEE, §r §%e] S7RTE A2AYE ARG Sr
o] ol TS BOEE Fig 614 Wehd vle o]
& B7HE 2Rg ZoE A7k

St/Ba B] E71°] ©E DPT ¥4¢] B7te AREE AFA
= o)l&E5e] EAML =7t o8 Aoz AT F ¢
Tk SBN Aztgzele ole) ARESs & 79 HJXH 7}
ARRRle] BAsH 2X@o2d DPT @42 vehlle 9
AL Azt & A A= F F7e] At FoM

IL 2}615 dié‘: FeAle o2 EuiAA {3 ot Al

= A4 A2AEE AsskE B 2 Al

‘31 A?.%PEJ% AT A3ete AE Az B 5 drh
Z ARl dEse By

1350 A9 UM SrBapNb,OLIA x9)
ol WE Sr, Ba o2 # HIAR7E Al B A2AE A
F& 7 AT AFEE o|EFLSE Table 13 Zol Liepd
F UTh Table 1] HEhd 7= & 4 79 ARl
zt o] ® RlARe7} AR 1% T ol BE8 YESR
HAG Zolvt, |A gk 7] "R 7E A2l S
L M B x=047F HF 270e] §r o222 EF Al
e AR Al 749 Ba ol22 AARE A

<) HJ',FII

A 387 A 12 5(2001)



1172 A . o=y

Table 1. Variation of Occupancy at Al, A2 Sites by St, Ba Ions
and Vacancy as a Function of Sr Content

Assume 1: vacancy occupies A2 site

X= 0.3 0.4 0.5 0.6 0.7
Vacancy 0 0 0 0
Al site | Srion 25 333 333 | 333 | 333
Ba ion 8.3 0 0 0
Vacancy | 167 | 167 | 167 | 167 | 167
A2 site | Srion 0 0 8.3 16.7 25
Ba ion 50 50 417 | 333 25

Assume 2: vacancy occupies Al site

X= 03 04 0.5 0.6 0.7
Vacancy | 167 | 167 | 167 | 167 16.7
Al sile | Srion 167 | 1677 | 167 | 167 16.7
Ba ion 0 0 0 0 0
Vacancy 0 0 0 0 0
A2 site | Srion 8.3 16.7 25 333 | 416
Ba ion 58.3 50 417 | 333 25
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