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Effects of Sb,0; on the Structure and Dielectric Properties of Ti-rich Barium
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Abstract: The microstructures and dielectric properties of Sb, O;-doped (Bag, 7 Sry.3) Tiy. 00s O3 (BST) ceramics for
capacitor applications prepared by conventional solid state method were investigated with variation of Sb,O; content
and different sintering process by scanning electron microscope, X-ray diffractometer and LCR measure system. Itis
found that with the increase of Sb, O; addition content, (Bay 7 Sry ;) Tii. 005 O; ceramics transform from single phase
solid solution with cubic perovskite structure to multiphase compounds. And Sb*" ions mainly occupy the A sites of
perovskite structure in (Bas 7 Sro.3) Thi 005 O; ceramics with excessive TiO,. The abnormal grain growth accompanied
by the appearance of cylindroid grains and nonuniform distribution of grain size are observed in (Ba,. 7 Sro.3) Tiy. 005 O3
ceramics with high Sb,O; concentration. The Curie temperature and dielectric constant maximum of (Bag ; Sry ;)
Ti1 005 Os ceramics increase and then diminish with the increase of Sb;O; doping content, At room temperature the
dielectric properties of (Bay 7 Sro 3) Tij 005 O3 ceramics with high Sb, O; content can be improved by properly increas-
ing the sintering temperature and prolonging the sintering process.

Key words: perovskite; barium strontium titanate;dielectric properties;microstructure;excessive TiO,

0 3%

&k 8 48 41 (Ba,_, Sr, TiO, ) fE & BaTiO; 5 Sr-
TiO; B TR B %, BT BaTiO; ME MBS
SrTiO; M MR . W EHEERENHE
HERER AL, W RN [F B A TR, S RKFM A
M BT XK BR AR T B R MR S R T A 1
1998 4£,B. S. Chiou ™ & 3, E Sb 15 4= ¥k i 1
K,BaTiO; WEMBERI c/a REBRRE T B

B B H3 . 2014-11-24
ELIE ILHA WE AR E S %I B (11KJB430007)

N EEREBLTRERYHENRF,Sh,0, 8
EZRMEABRENEHENFHREE RS HA®H
HEUE, w (Sb,03) = 1. 6% 48 Z% 19 (Bao,ss2 Sto. 04
Yo.008) TiOs.00s I BRI R WA HERE, HER
AEXF A o B e, >3 000, A B3R FE tan §<C0. 015,
—25~+85 CHABERBEREMETL17%™,
5y et , AR r(Ba/Ti) ¥t BaTiO, %M & W5
¥ Bt B8 B9 5w B W 0 AT BR a0, i & BaO

EEW A HRA8L), L, FA AL B E B L, TENEHRT HEEMEMPR. E-mail; 2zhch1234581@163. com,



984 E B 5 B X

2015 4

st & TiO, ZEBKER R L M & i 1E Rl A 32 3| 3%
¥, H.Dong %V % 3, i & TiO, (r (TiO,) =
4O AN R R ST, M BRI R A BIR

ASCTE DL BF 5T e mb L8k gE LA Sh, O, tE A
A, B BEMEHE T L KB ShO,
(w(Sbh,0;) =0~1.0%) B ZIEtb21T & tb 4 (Ba,.,
Sro.s)Til.OOSOS %%%%&ﬁlﬁ%%,i&—%ﬁ%%ﬂ%
Sb, O, Xt TiO, 1T & i SR BR 58 90 M B 1 oW 4 - di 4k
SEF AR R R, B ST AR R E
RS R S EMERHHT LR,

1.1 FERmE&

A 5206 R A A 4 B M R W R A T F A Ba-
CO, (4 b 4di, > 99. 0%). SrCO, (4 ¥ 4i,
>99.0%) . TiO; (fL 2 4, >98. 0%) N EEJF #l,
*E}Eﬁ’%it(Baw Sro,s)Til.oosos (BST)%E?&%*’I’
BaCO,.SrCO, B TiO, # W HREG. B THEHRE
13 e R Dk f TR 1 h, IR B EE
1 080 CH_E 2 h BUA AR BEY ¥ £ JE A& 40 8
F wMgO)= 0. 2% (4 ¥ 8, > 98. 5%).
w(MnO,)=0.2% (4HH7T&l,>97.5%) ., w(ZnO) =
0.2% (4¥rad, >99. 0%) & w(Sb,0,)=0~1.0%
Ay Hr,>99.0%), “IKBHE 1 h EIMA S %
ZIHEE(PVA) ¥R, 1f 40 B /S 1E 250 MPa T JE
WMHE# 10 mm BB K, &K% 200 C HE B
20 min,#E1 320 CJ& 1350 C 445 0.5 h 8 2 h
WENEEE. BRMRAELBFEBRE RE
BQ-5311 # w433 7E 800 CF 4244 10 min,

1.2 kA=

ZERTHAENEAR CHHERNTD XH
&7 E 4 LCR-8101G B B LCR WR{X#E 1 kHz
T AT IR, R FR B A W IR S ) B % LCR WAL &5
4 THP-F-100 S ge B R H &4 4 1 kHz T8,
BEEW e, M tan 8 53810

o = 14.4Ch N
¢
__fD
tan ¢ 1000 (2)

K h AIRHENER ;¢ NIRFERRRER; £ A0
KB H A BT JSM-6480 B4 74 A T B3 88 ¥t
7S T VR JE B MR RS R AT R T O TE £

%, FIf B A & @ XRD-6000 & X £ 7 5 X (Cu
L Ko 120 AT S ARG H 2 #7 .

2 H#R5iH®
2.1 Sh,0; B3t (Ba, ;81 3) Tires O B E S
23 :00 A1
2.1.1 Sb,; Oy XF (Bao.7 Sro.3) Tir.oos Os 3 B M
S5 16 1 5

@ 1 yff szo3 @%’%‘(Bao.75ro,3)’ri1.oosos B@%H‘J
XRD @ﬁaﬁo ?EE(BaoJSl’o.s)Til.oosOa W%ﬁiﬁéﬂ(
w(Sb, 0;) =0. 4 N B IRIAFEE R T AL HHK
B B R, K H BN Pre-3m (221D, X4
w(Sb,0;) =0. 8% A}, (Bay,; Sro.5) Tiroes Os B H
BE M. BE Sb.O; BREW K, X LTS A
110 QA1 CIDFERE RELBH. XEH
F ShT B F 242 (rep3+ =0. 07 6 nm, BLAIEHN 6) /b
F Ba?t B TR (rpe+ =0. 161 nm, B ECH 12) &
ST B AR (ree+ =0. 144 nm, LA EEN 12), 4
Sb*t (54 A S EUAR Ba®t B Sr*t A B AR B/
BRI X 2R A ot e 1) KA RS B .

2400; (110

o%:*ﬁ

N1 211y (221)

100) | .| 429 X220 310

2000 LLLJMM (cg w(8b,0,)=0.8%
1 600

i

.}glzool | l . l \
800
400

L (b) w(Sb,0,)=0.4%

0

0 T '
20 30 40

kb, (a) W(Sb,0,)=0
50 60 70 80
20/(°)
Bl 1 Sb,O, BZ%(BaorSros) Tiyoos Os MK XRD K%

B 22X 1350 CTF44 2 h )5 Sh,O; B
(Bag.; Sro.5) Tines O F: My & 0 R 1 W 8.
Sb, O, B BB /N, FERFEREHE, iR
59,w(Sb,O3) =0. 4% 8 %% 1 (Bao.7 Sro.3) Tiyroos O;
HEERZEABRAFERAE B D. 4
w(Sh, 0;) =0. 8% At , (Bay.; Sry3) Tiyoos Os 5 M %
R ERE KK RBEREANE S, AR5
B, X5 XRD B H w(Sb,0;)=0. 8% B¢
(Bao.7sro.3)Ti1‘oosos B@%ﬁ%:*ﬁfci*ﬁ*ﬁo

(@) W(Sb,0,)=0






986 E B 5 = %

2015 4¢

w(Sby; O;) =1. 0% 15244 (Bao. ; Sro.5) Tiy 005 Os 2 B &

51320 CREEFMHLLEAGRENER LB

B tan &, I w(Sh, Q) =1. 0% #8242 (Ba,.; Sro.5)

Ti1.00s O; FEPI B BRAERGERBEIRA 1 350 C,

% 3 w(Sh;03)=1.0% % % (Bao,7Sr.3) Ti1.os Os F
M % % & A w Mk (1 kH2)

FeRE/C tan & &
1320 0.013 50 2167
1 350 0.007 46 3 340

Xt AN Sb, O #8248 T (Bao, 7 Sro.5) Tiy 005 O3
HEHERERGREBEET XN, EE Sb,O; BRE
K, 7 #8155 (Bag, 7 Sro.3) Ty o0s Os g%%%%%ﬁ
FLUMEZRAN AR,

2.2.2 PRIRESEIXT BST J My ¥ A7 v BB Y i

#4201 kHz HKBR T, £ 1 320 CHegifR
BA R BT[] J§ w(Sb, O5) =0. 4% % %% (Bay,; Sro.5)
Tiios Os MR EA B, 5542 h XM
b, 7E 1320 CFHE45 0.5 h KB w(Sh,0;) =
0.4% 2% (Bao.r Sro.3) Tiios O; M E B A KK
iR e RBEM tan &, B I, 38 K IEK AR IR A AR
%U:JC%%% szos %%(Baoero.s)Til.oos 03 g%%i
R L EE .

F 4 w(Sb,0;)=0.4% % 4 (Bay ,Srg 3) Tiy 005 O
W% 2R RO kH2

R R Bt [E] /h tan & &
0.5 0. 005 95 2 616.9
2.0 0. 003 35 3 459.9
3 HXE

SR AR AR % i s T2 R w (Sh,03) =0~
1. 08B 4% (Bao, 1 Sro.3) Thos Os RAHBE AR T
A Sb, O, & &I RBMIE I . kG5 & A
HREEwE. &REKA, B ShO, BREW K,
(Bag, 7 Sro.5) Tiy. 005 Os % 11 37 07 85 K0 45 9 SR A
] 5 IR 78 g Z A AL & ), SHTT HEAFSERET Al Ak A
B Ba®' B¢ ST, @ E AN Sb,O; 5 (Bag s
Sro.5) Ty, 005 Os H Mg RLAR A BT/ 5 Sb, Os RN &
KT, (Bag.; Sro.s ) T oos Os 22 P %S kL H B 57 4
KK BB MAY S, HAERRE SR B,
HF Sb*" 8% ABO, RIS Sis A fL5] 42 & A
S5 Je 75 WLk v M B IR 2 B (Bay, 7 Sro. 5 ) Ty o5 O
BV % E IR R/ B E B BE Sb.O, B R
BR M RHEME /N, BE Sb,O, BRENM K, T

fZEE%(Baoﬂsro.s)Til.oosOs %l‘@%%%%ﬁ)ﬁl&ﬁ%
EiRA e, HE YT KRR EA R T s
Sh, Oy #24(Bay. 1 Sro.5) Tiios Os 3 M & = IR
fig.

BE M-

(1] ¥ . 2B4&. 228 . Z. ARENERFEREREH
MR )], REBRELIE R ,2009,28(2) : 336-340.
WANG Ping, WU Sihua, LI Zhifeng, et al. Study on the
Ba,_, Sr, TiOs;-based high voltage ceramics capacitor
materials [J]. Bull Chin Ceram Soc,2009,28(2):336-
340.

[2] KANG D S,HAN M S,LEE S G,et al. Dielectric and
pyroelectric properties of barium strontium calcium ti-
tanate ceramics[J].] Eur Ceram Soc,2003,23(3):515-
518.

[3] HERNER S B,SELMI F A, VARADAN V V,et al.
The effect of various dopants on the dielectric proper-
ties of barium strontium titanate[ ] ]. Mater Lett,1993,
15(5/6):317-324.

[4] LIUSJ, ZENOUV Y, SUSI, et al. Structure die-
lectric property relationship for vanadium- and scandi-
um-doped barium strontium titanate[ J]. Acta Mater,
2007,55(8) :2647-2657,

[5] RADHAPIYARI L, THAKUR O P, PRAKASH C.
Structure and dielectric properties of the system Ba;—,
Sr, Feo. 01 Tio 50 0; [J]. Mater Lett, 2003,57(12):1824-
1829.

[6] CHIOU B S, WANG I H. Effect of MgO addition on
the electrical transport properties of highly Sb-doped
BaTiO; ceramics [ J]. J] Mater Sci; Mater Electron,
1998,9(2) :145-150.

[71 ZHANG C,QU Y. Influences of antimony oxide on di-
electric properties of barium strontium titanate based
ceramics[ J]. Mater Sci Poland,2009,27(2) :443-452,

[8] ZHANG C, QU Y, MA S. Dielectric properties of
Sb, O;-doped Bag_ 672 Sro. 32 Yo. 008 TiOs [J]. Mater Lett,
2007, 61(4/5);1007-1010.

[9]7 ZHANG C, QU Y, MA S. Structural and dielectric
properties of Sb,Os;-doped ( Bag goz—. Sr, Yo 008 )
TiOs ¢0s ceramcis[J]. Mater Sci Eng B, 2007,136 (2/
3):118-122.

[10] QI'J Q,SUN L, WANG Y, et al. Low-temperature
synthesis and analysis of barium titanate nanoparticles
with excess barium[]J]. Adv Powder Technol,2011,22
(3):401-404,

[11] LEE S,LIU Z K,KIM M H, et al. Influence of non-
stoichiometry on ferroelectric phase transition in Ba-
TiO;[J]. T Appl Phys,2007,101(5):054119/1-8.

[12] DONG H,JIN D, XIE C, et al. Compositionally inho-
mogeneous Ti-excess barium strontium titanate ceram-
ics with a robust dielectric temperature stability[J].
Mater Lett,2014,135.83-86.



