Material Sciences #4¥R}2£, 2017, 7(1), 39-47 Hans X
Published Online January 2017 in Hans. http://www.hanspub.org/journal/ms
http://dx.doi.org/10.12677/ms.2017.71006

Microstructure and Electrical Properties of
(1-x)(Ko.5Nao.5)NbO3-xBap.9s5Lao.01TiO3
Lead-Free Ceramics

Hualei Cheng'?*, Jian Xiao?, Peng Gao!, Yunyun Yan!, Shuanping Gao!

Shaanxi Key Laboratory of Phytochemistry, Department of Chemistry, Baoji University of Arts and Science,
Baoji Shaanxi
*State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an Shaanxi

Email: ‘hualeicheng@163.com
Received: Dec. 20"’, 2016; accepted: Jan. 6th, 2017; published: Jan. 9th, 2017

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The (1-x)(Ko.sNao.5)NbO3-xBag.9gsLag.01TiOz (KNN-xBLT, x = 0.01, 0.02, 0.04, 0.05) lead-free ceram-
ics were prepared by the conventional solid-state sintering method. It was found that the phase
structure of KNN-XxBLT ceramics changed from the orthorhombic phase to the tetragonal phase
with the increase of BLT content. When x = 0.04, the phase structure of KNN-XxBLT ceramics was
orthorhombic and tetragonal phase coexisting. The density increased and the grain size decreased
with BLT increased. The dielectric constant of the KNN-xBLT ceramics increased with the increase
of BLT content and the Curie temperature shifted to the low temperature in the temperature
range from room temperature to 350°C. The 0.95KNN-0.05BLT ceramic was a relaxor ferroelectric
with high dielectric constant of £ > 4000 and the low dielectric loss of tané < 0.02 in the tempera-
ture range from room temperature to 350°C. These results indicate that 0.95KNN-0.05BLT ceram-
ics are promising candidate materials for preparing the high temperature multilayer ceramics
capacitors. The 0.96KNN-0.04BLT ceramics obtain the optimum piezoelectric properties: d33 = 185
pC/N, kp = 0.39.
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0.05) B MBI FHF T BLTB T KNN &R M .. SR RH: BLTHB 2% 7 KNN-xBLTH &
LA KA M R R T B 5 . IR E350°CTEE N, KNN-XBLTH RN BEHEEBLTS E
F 1 N T 3 Ok B B IR R AR 5 [ #83.  0.95KNN-0.05BLTH &£ —Fhith ek Bk B A =R E350°C
JEEABRRNEES4000, /HHEFFENT0.02, BRAERERELAEBNRME T EOSAE ). £
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KNN-xBLTH %9 IEASF P05 BAEFEAE. 0.96KNN-0.04BL T % K IEAAH A MY A7 AL 72 K stk Rl A TR
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1. 5|8

EREREEN(Bio sNag 5) TiOs(fii 54 BNT)=Zid 2% 10 AW 12 RN 25 B R P&z —.
SR, BT BNT 7EZIR N % Ec(73 kV/em)iR 5, ¢ HARMEFS /3l At, B LA DAIRTS AT SE A AR
MRt ENAMEE N A AL, B AL AL B ESIARII A EIE T RES IR T, #2745+ BNT H5k
R[1]-[8] MHEHERE R BNT AR B8 1 [ A A £ il 5 IR A AR I BRI, AT 73 BNT AR EVE 3RS
SR

BRI (Ko sNao s)NbOs( il 5 2 KNN)FETLHY & H P Bl aF ok 2 3] 132 557 . KD KNN P&
A BT L TE A L g AR ) A s ) T LM R (dss = 80 - 110pC/N)RITASE 3 ) 8 FLIR B (420°C), 1 HL
KNN F TG P 5 AR R R r e, nfCLE BN NTIRPK, 26 N RT3 A UF
AR, SO R AEE A ANE B AR PZT B8R BRI 9]-[14]. SRT0, KNN [V 7k 1A o e TR b
PBREITE 1140°C, # KNN PERIBELE IR E B AUR T 1140°C, FriL, sfETHess R H KNN & EAE ) &
BREZ —. F, 5 PZT MEHE, KNN BT E BRI, I AFEE BN HZR, AT ik
R ERRE, EWANEEAE T RES T EEMNCINIUTHAT: 1) #nkeas BiFRI[15] [16] [17] [18]: 2) K
FAANE 28 732, A e 48 AR &6 B AR 25 55 [19] [20] [21]: 3) MIAAFEIER A KNN JE &%
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TCIR FR[22] [23] [24] [25]. FERXEEHHITES, @B AR EERE S AE — e R b G R IR PR AN TG R 1)
VIR EREAS B A SR DI REMEATRL . BaTio, I FE R B mr (E & LR 120°Cs KNN i B
e {E T A B AL AU & R AL . SCHRIRIE A2 KNN B & i i N BaTios 270 B T M B e s, Be
RAHEEAR IR, FHIKAR, FL KNN-BT i [A)Ae HeHL e A 8 L P A0 i vk BB [26] . La™'E BaTiOs A &
IR BRI SR R A L, RIS R L R TR, IR B AR (27 ] ST SCHRARGE BE A, AT
K H Bag ggsLag o1 TiOs A EE 414 % KNN B8 iE AT 45 2% oo, #1148 1 (1-x)(Ko.sNag 5)NbO3-xBag ogsLag 01 TiO;
(KNN-xBLT, x = 0.01, 0.02, 0.04, 0.05)Fg %, FExIH LA BYEREEAT T 2t Fistie .

2. SCIY

ARSI SR FH A% G0 R [ AH e 45 VE AT FE i B 1) 2% o S50 J5URE 3 BOR AT 4l Y NayCOs (99.8%) K,COs
(99.0%). BaCOj; (99.0%). Nb,Os (99.9%). La,O5 (99.0%). TiO, (99.0%). #%iitH ELARERFA, LATK
LA TRAEAT B IR ENL P ERE 24 he BT )5 R BHE 950°C T ARIE 5 h AT Titke, TGS Bk AR
a N PVA RSG5, WRESERL, A 3l & HIAE 8 MPa [k 71 ¥ EHE R E AR 2024 12 mm,
JEREZ R 2 mm BN B o B R RAEZT 600°C AR 2 h BB FR G, FRREATheSs . BRGERT, REUES
WEEA 8 1135°CL 1130°C. 1125°CAI 1110°C, {RIERT N 2 h, FHE#EZA 5°C/min. 7EM P &
I L PERE AT A A ST BE O f5 R T 4R, AR N 810°C, fR¥E 30 min.

KH X FHERATHMN (A 2% X Pert MPD Pro B 5l X SR AT ) 70 W be st Jm i BE AR 4k SR 43
B W TESCAN 4771 VEGA3 LMU Y434 B 7 R A MR O T2 3 A kS % LCR 43
HrX TH2816 & C AR FELE 1 kHz, 10 kHz, 100 kHz, 1000 kHz $Z N (94 B IE 3% A1/ s A50RE, 0
Him LGN 25°C~550°C . {8 FH TF2000 MGFE B L [ 2. FH ZJ-3 A AEFF SIS (B R 22 f i 2
WHICT) N E dys0 FH HP4294A K25 BEATIN AR it () W 3R — SO IR FE T 5 ko

3. ZREWiE

1 AN ERELE IR E N KNN-xBLT (0.01 <x < 0.05)F & 1%t I . B B mT LA H KNN-xBLT F
BAERREEIRE MY 1110°C 1125°C. 1130°CHI 1135°CHE, 1130°CHe45 ) KNN-xBLT W % %5 i 4%
K, B 1130°C %P &R B R P IR R, 5 T RAL MRS FE AL be 4510 B T HEAT . FE AL be i
1130°CH}, KNN-xBLT P& (1) % FEfi & BLT B4« &= P3G NIZ#HTIE K, x=0.05 i, KNN-xBLT & H A
WKEE, poax =4.57 g/cm3°

2 Jy KNN-xBLT P et it i) SEM MR o A 2 s DL H KNN-xBLT P ZEFF it B~ BLT
B2 B8 B S s/ FLSE 50 o x = 0.01 B, KNN-xBLT P& i bl KNS 5], Kk R S48 7 pm,
NEERLRSTZ) 3 um; x = 0.02 Bf, KNN-xBLT M & diki RSP 2078 3 pm, A EZ9 1.5 um [R5 81
Horb, x=0.04 I, KNN-xBLT M@ ib R ~F 208 1 pum, Sk RFECEY 4] x=0.05 B, KNN-xBLT [
BRI RS EEEY 5920 0.75 nm, MBS INEE . ) BLT 43240 KNN-xBLT P& deki 2R, 8
(R Y WANE B LR 2TE

| 3 /& KNN-xBLT P %A FAIR T A o 2R 2 AR i 2k . BLT #5281 KNN-xBLT Pg &R/
HiPERE R AE AR EIASAE . 1556, x = 0.01 I, KNN-xBLT P& B A /AN s 51565 B T 1E 52 -9 7 A AR
AU 37 5 #8748 x=0.02, 0.04, 0.05 i, KNN-xBLT P& R — /Mg 25—, KNN-BLT F&H
i R FERE BLT S22 M3 iiR 77 i mt, &R 58 4757C, 400°C, 225°C, 200C, X2
KN Ba™ il La™ HEAABEET A 7, TitBEAESEET B 7, FMILR HBLE KNN-xBT M & H1[26]. {H BLT
YERB A KNN JE BURE RRIEA SR E L BT /BB 40K B=, =EF 350 CHERN
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Figure 1. Variation of density and sintering temperature

for the KNN-xBLT ceramics
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Figure 2. SEM micrographs of KNN-xBLT ceramics: (a) x = 0.01, (b) x =
0.02, (c) x=0.04, (d) x=0.05
2. KNN-xBLT F%#9 SEM & :(a) x = 0.01,(b) x = 0.02, (c) x = 0.04,
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Figure 3. Temperature dependence of dielectric permittivity for KNN-xBLT ceramics
3. KNN-xBLT BgE R MR B : (a) x=0.01, (b)x=0.02, (c)x=0.04, (d)x=0.05

KNN-xBLT P&/ i £ BLT #5441k, 5 SCHk L KNN-xBLT B & = R 3] 350°Cia
M HLH BCE R KR s, KNN-xBLT W& 55 iR 31 350°C i B P 8 KA B B0k 5 40005 2509, x =0.05
I, KNN-xBLT P 86 F A7 %5 % 11 H 0 L il = X0 2 1R 38 R H 6 W TR %, 15 B 0.95KINN-0.05BLT
Ve e HA IR B AR

ik —UE ] 0.95KNN-0.05BLT M &Mk B AE, & 4 278 T 0.95KNN-0.05BLT i1 10 kHz 1)
Log(l/e-1/¢,) 5 log(T-T,) B4 ALK & . WRAEIEIE B - A0 e 3, 181 b 2 |0 R 5 e o1
0.95KNN-0.05BLT P& TREUARE AW E N 1.69, i 0.95KNN-0.05SBLT Fa#% B A IREHAS . X nl L
A UL TR« 75(Ko sNag s)NbOs F5ERH 457 FH 1f] A fi29 Na™ (0.139 nm, CN = 12)Ff1 K" (0.164 nm, CN
=12), B i Nb** (0.064 nm, CN = 6). M4 25 1242 VLELE N Ti** (0.074 nm, CN = 6)iE A (K, sNag s)NbO;
BEERR S50 B A7, BURND™, i Ba 1 La™ (24250124 0.135 nm A1 0.118 nm 3 NE5ERT ) A A7 H
fR(NagsKos) = BT FERE A LRI B ALES 7 A A F AT, 75 A SR B AL Jm 3B N g h
FRERM A SR B AL FEAE AR T2, £ A MM B SRR 137, BN Eg
RSP EE T BN A, XENIZ0HEL, S T REMER TS, A RdrbErRmm s,
TERCT AERE BT JLAOR B LRI EERX BT 3 AEAE, XA PR IX AN RE 4k SRl A iR
JEE BRIk L, 1T L o PRk AR (KRR

K 5 2757 0.95KNN-0.05BLT Fi&fE i & &, HERTLIEH, H 0.95KNN-0.05BLT
Wi B 1) FRLT [ 2 EL 40 KNN P2 “988 7 o iRk riB S i) 5 — NMRHIE & B o (i [l 2k . AR 45 4K
W IEASAHER AR ) B R AR T IZE[ 11015 7], B 12 AN E WAL, D5 Mgs Mgk B s 6 A
RIWALTT ). DRI FEL i ] 28 5 0.95KINN-0.05BLT [ i) XRD AN N (AL 7).

Kl 6 s KNN-xBLT P & E MRS 10 KHz N/ A FERf i 22 1028 Al 2. b ) U s 2
MR F] 350°CTEHE A, KNN-xBLT Mg %/ B AR AERE BLT 2% 8 OGN/, 102 50 8 i B0 v
BER, PR SRR SN A1 S5 . Hirh 0.95KNN-0.05BLT M % 7E 2535 2 350°C 3 [ P9 i B A5 kE /)
F0.02, KNN-xBLT P& (19 FE A5 FEZE MG LR 1 T 350 C i i34 K 32 B2 i T =i U S FE R 5

K 7 451 T KNN-xBLT B it =8 T 1 XRD E#E(27°C). MK 7(a)F AT LAE . BTk 7 i B A
A RN A A], CHAE RS ERE S50 . XA SRR BLT & RVET KNN o, TERR—
R S5 R AR . BEFCR . IEASAH HIAFAE IS 45° BT (202) F1(020) XU, DU 5 FHIKHFAE I Ry 45° il
(002)F1(200) XL [28]. HEHEX LEEFAEIE A 7(b) KNN-xBLT & FE S 7E 40°~50° UK ) XRD &3, AT
A DA XRS5 18 2 x < 0.02 B, KNN-xBLT M & N IE S AHASERA 4544, 24 x > 0.05 i}, KNN-xBLT
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Figure 5. The room temperature polarization-electric field (P-E) hysteresis
loops (at 1 Hz) for the KNN and 0.95KNN-0.05BLT ceramics sintered at
the optimum sintering temperature
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Figure 7. XRD patterns of KNN-xBLT ceramics
7. KNN-xBLT P& AT XRD Ei%

VRSV T AR 4544, 24 x = 0.04 I, IEASAHFIDY 77 MHAFAE V&R LU A W 4, KINN-xBLT P 5 R AH 25
FA) A IE A R AT I 5 R AR SR AT o 32 DR A AR I A fb 22 RSS2 AR DT RN, T 92488 0.074 nm, %
I N B 1-242(0.064 nm)iFE NAGERE™ 45 /N ECAL ) B £7. Ba® Al La® 124220 %14 0.135 nm A1 0.118
nm, FTCAENESERE (1 A A EUR(NagsKos)= FEIE, #52% BLT (Ko sNag s)NbOs ] i il 45 14 i A W A8
S T AR

8 J& KNN-xBLT P&t i fE = F IR kgt . MR rTLIE A 2], B BLT & &R,
FES I day A e, PR3 K500, 2 x = 0.04 1N, 3 HITEBAATT B K ME 185 pC/N A1 0.39, X A45 HL i
ST Al KNN P& R mvEge. S 40, FRATT LI KNN-xBLT Wi % 1) e oL B ) 25 234 il Uk
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