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Fabrication of High T, BaTiOs-(BigsNags)TiO3 Lead-free Positive Temperature
Coefficient of Resistivity Ceramics
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Abstract: High curie temperature (7.) (1-xmol%)BaTiOs-xmol%(Bi,sNay s)TiO3(BBNTx) lead-free positive tem-
perature coefficient of resistivity(PTCR) ceramics were prepared by the conventional solid state reaction sintering
method. XRD patterns showed that all BBNTx samples had a single tetragonal phase perovskite structure. The SEM
results showed that as the content of BNT increased from 1mol% to 60mol%, the average grain size monotonously
decreased. The 0.2mol% Nb-doped BBNTI ceramic sintered in air had low room-temperature resistivity (p,5) of ~10* Q-cm
and high resistivity jump (maximum resistivity [pma]/minimum resistivity [pmi,]) of ~4.5 orders of magnitude with T
at about 150°C. The 0.3mol% Nb-doped BBNTx(10<<x<:60) ceramics, sintered in N,, also showed distinct PTCR ef-
fect with 7, between 180°C and 235°C. As the BNT content increased, the p,s of the BBNTx rapidly increased with
the resistivity jump decrease.
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Fig. 1 XRD patterns of Nb,Os doped BBNTx (x=1, 10, 20, 40,
60) ceramics
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Fig.2 SEM images of the sintered surfaces of Nb,Os doped
BBNTx(x=1, 10, 20, 60) ceramics
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Fig. 3 Resistivity-temperature characteristics of the BBNTI
ceramics doping different donors
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Fig. 4 Influences of excess TiO, on the resistivity-temperature
characteristics of Nb,Os doped BBNT1 ceramics
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Fig. 5 Resistivity-temperature characteristics of Nb,Os doped
BBNTx(x=10, 20, 30, 40, 50, 60) ceramics

B, BRI AN REAE 7 AR B, A A
£, MM 22 PTCR 0%, 24 BNT %824 10mol%-~
60mol%IN, Nb A4 [¥ Jr B B AE AU b be 4 ik
I R (2 AT 0, ot BBNTI10 B %1 =
UL L B R B /N (~10° Q -em), FEE I SALR T
FERA T RREE A, UM IS N6 HUR B
fr, ERFE R A B, LG R T
Nb,O5 — 2Nb}; +40,+0.50,+2¢' (1)
Op — V; +0.50,+2¢' 2)
M5 BT %, BBNT Py % 11 & i L BH 32 B 5 BNT &
HR IR OR, XEEREHETRER I Na'
Bi e i B A I R h R B, A ks P AR B
B, WM SRR B . BAN, — W
Na'B FHUR Ba® (Nap, ), 78245 E, Hhk g
(B f T, (A9 S B R . A HIR R
500°C A A7 KA EUR, AT AR BN
VIR AL, T A&, A PTCR Zowit™,
o BBNTI10 i sl HIBH A H~10° Q- cm, HLBH S
Bkh~4 ANEE, fE R N~180°C, Hgish
A CL 20k B [ A0 R R AR K, A BB &
MRISRAFSEZBR N . B S BT LAE H, 24 BNT &
B 10mol% 3 i F] 60mol%, Fi %1 fE H i FE
~180°C =i £~235°C, TP EE R FFHSEBEM~ 4.0 F
B ~1 ARG, AR H PRSIk 2 T P B
()3l P 2w, 1 Homr BNT & ) BT-BNT
W BE A0 J LU LU R SR I 3 241 NTCR (Nega-
tive Temperature Coefficient of Resistivity)%{ WV .
I, 2% v e ELEL R =k e 1 BT-BNT JGT PTCR
W) 5 5 A PRI M R 11 i R B R I L PR A P
BRI B NTCR 20 .

3 ZEig

SRR G810 [ N R 45 10l 4 T BBNTx
JETCHY PTCR B, A3 1f) BBNTx B e 18—
(R0 5 B B 45 46« 25 S P 45 11 0.2mol% Nb 524
(f) BBNTI F%, =il P N~10°Q - cm, HIBHZEHE
H~4.5 NS FATEEEET) 0.3mol% Nb #3741
BBNTx(10<x=<<60)Fg %, [FFFHATHI LMK PTCR %V,
Horh BBNT10 B%, i L% 4~10°Q cm, HH
SR ~4 DECEDL . 24 BNT & 1mol %14 i 5
60mol%, P& Ja B B A~150°C Ft i £~ 235°C,
o i L B = MERE I E AT PTCR s, A SIS
TR BEARAF I



580 R 5 30 %
s Bi, Na)TiO;-based PTCR ceramics. Journal of Inorganic Materials,
S 3wk 2009, 24(2): 374-378.

[1] HEYWANG W. Barium titanate as a semiconductor with blocking [11] LENG S L, LT G R, ZHENG L Y, et al. Influences of Ba/Ti ratios
layers. Solid-State Electron., 1961, 3(1): 51-58. on the positive temperature coefficient of resistivity effect of

[2] JONKER G H. Some aspects of semiconducting barium titanate. Y-doped BaTiOs-(Bi1aNai2)TiOs ceramics. J. Am. Ceram. Soc.,
Solid-State Electron., 1964(7): 895-903. 2011, 94(5): 1340-1342.

[3] PAN YU, CHEN XU, REN PING, ef al. State of the arts of high T, [12] LUH L, YANG D A, QU Y F. Fabrication of high 7. BaTiOs-
PTC ceramics. Piezoelectrics and Acoustooptics, 1998, 20(5): BiysNay sTiO; positive temperature coefficient of resistivity ceram-
326-331. ics using the sol-gel method. Materials Letters, 2013(96):

[4] ZHOU XUE-NONG, JIANG FENG, ZHAO FANG, et al. A study 185-187.
of the PTCR material based on(BagsPbo)TiOs. Journal of Inor- [13] WEIJ F, PUY P, MAO Y Q, et al. Effect of the reoxidation on
ganic Materials, 1993, 8(2): 196-200. positive temperature coefficient behavior of BaTiOs—Bip sNagsTiOs.

[5] TAKEDA H, AOTO W, SHIOSAKI T. BaTiOs—(Biy»Na»)TiO; J. Am. Ceram. Soc., 2010, 93(6): 1527-1529.
solid-solution semiconducting ceramics with 7. >130°C. Appl. [14] DESU S B, PAYNE D A. Interfacial segregation in perovskites: III,
Phys. Lett., 2005(87): 102104. Microstructure and electrical properties. J. Am. Ceram. Soc., 1990,

[6] SHIMADA T, TOUJI K, KATSUYAMA Y, et al. Lead free PTCR 73(11): 3407-3415.
ceramics and its electrical properties. J. Eur. Ceram. Soc., [15] LENGSL,LIGR,ZHENG LYY, et al. Effect of donor concentra-
2007(27): 3877-3882. tion on the PTCR behavior of Y-doped BaTiOs-(Bi,»Na;;)TiO;

[7] TAKEDA H, SHIMADA T, KATSUYAMA Y, et al. Fabrication ceramics. Journal of Materials Science: Materials in Electronics.,
and operation limit of lead-free PTCR ceramics using BaTiOs- 2013(24): 431-435.

(Bi;2Nay»)TiOs system. J. Electroceram., 2009(22): 263—269. [16] DANIELS J, HARDTL K H, WERNIEKE R. PTC effect of bar-

[8] PUY P, WU H D, WEI J F. Influence of doping Nb** and Mn** on ium titanate. Philip Technical Review, 1978, 38(3): 73—82.
the PTCR effects of Bago,Cagos(BiosNags)oo:TiOs ceramics. J. [17] PU YONG-PING, CHEN SHOU-TIAN, LANGHAMMER H T.
Mater. Sci: Mater. Electron., 2011(22): 1479—1482. Grain boundary reoxidation of barium titanate ceramics doped with

[91 LIH L, KANG J N, GUO F, et al. Effect of the Nb,Os content on lanthanum. Journal of the Chinese ceramic society, 2005, 33(10):
electrical properties of lead-free BaTiO;-BigsNagsTiO; ceramics. 1237-1242.

Ceram. Int., 2013(39): 7589—7593. [18] HO I C, FU S L. Effect of reoxidation on the grain boundary ac-
[10] LI YAN-YAN, LI GUO-RONG, WANG TIAN-BAO, et al. Effects ceptor state density of reduced BaTiO; ceramics. J. Am. Ceram.

of niobium-doping on the structure and electrical properties of (Ba,

Soc., 1992, 75(3): 728-730.



