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Preparation and Dielectric Properties of PMW-PNN-PT Ceramics
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Abstract: 0.29Pb(Mg;,W)03-0.41Pb (Ni;5Nb,3)05-0.30PbTiO; + 0.002 5MnO, + xWO;(PMW-PNN-PT) ceramics
were prepared by Semichemical Method. The Mg(Ac),, Ni(Ac),, and Mn(NO); solution rather than MgO, NiO and
MnO, were added to the slurry of PbO, WOs;, Nb,0s and TiO, and then calcined at 850 “C for 2 h. Then the sam-
ple was sintered at 1 100~1200 °C for 2 h. The effect of sintering temperature and WO;-excess amounts on the
phase constitute, microstructure and the dielectric characteristics was investigated. The result showed that the
PMW-PNN-PT powders with pure pervoskite phase were prepared by single-step calcination. The development of
sintered temperature contributes to the increase of dielectric constant and the flatness of dielectric temperature
dependence. But the dielectric properties will be worse if the sintered temperature is too high. The increase of
WO;-excess level lead to an increase of Ph,WOs phase and the flatness of dielectric curves, but the dielectric
constant will be decreased. The proper WO;-excess amount of X7R type PMW-PNN-PT ceramics is Smol% and

the proper sintering condition is 1150 °C for 2 h, the maximum dielectric constant is 5395.

Key words: semichemical method; X7R type; dielectric constant; core-shell

Bl G e Monas e o8 2 TR AR
B 7 I 1) R JRe LA B A i H, 6 3R TR 2 2B 1 R ) e
J'& | RE 2 )2 B & A 48 (MLCC) B D he 515 B
Wiy 25 400 B0 B Y A 2 — 0 R 2 A R
MLCC i B2 e Pk i SRR B i AT TXT A XTR
NPO J 4% 2 iy # R B MLCC A BRI T T 12 i
%%, X7R 4 MLCC J2 R & 2 B K —2
LA AN, B 2R TER TE (-55~125 C) M ETEF I,
HABMHERZIR(<15%), HiligHRkEH
di MLCC &2 1 409% LA 1139,
Weks H 9 . 2006-03-13, W& R H W . 2006-04-28
7522 i BHEBOC T 5 H (No.GG05068) 9 1l
i HEE R AN . E-mail : cuibin@nwu.deu.cn.

PR R0 28 & WL WETEAE ST Sy ) R

S4B EKT 2549 19 Ph(Mg,,W 1,)05-Pb (Ni;sNbys)
05-PbTiO5( & # PMW-PNN-PT) ¥ & A~ B 5 0B it
AT G2, BAT RAF B IR | SR TS 2 1 i 45 7
I A8 2% U T LA fE XTR REPE IR | X
EGRSPI NN IR ST N R N L =R 7
PR ARG R TEAR G R ARk T, B AR
fm%mmﬁma [eR ) IFUN =R - KRR S

U0 B TP R AR A A T A ST R AR B
ﬁ PMW-PNN-PT Fi 2 0 LG /2 XT7R Hitk,
B BT T L3k G A AR A A B4 v T B g DT il 45



-1686-

kP

¥oF iR H22%

LSRR 45K 1Y) PMW-PNN-PT P % | (H 2 %35 847
TET RS RBE g IR B e FERT G, T2 EBIGERNE, R
A 25V E RETEARIR T — 25 & AN B Lt A1 HH I
PMN #0A ,  ELi A5 00 04 0L B2 41, 8 245 0 M
fl fHJE ST T 41N R 24 1) PMW-PNN-PT 1A & | 1% 07
BT A ER M M Tl A A =

FEHT SCH AT R F 2 A2k LD B AR M B T
() AT 75 P 2R Mg(Ac),-4H,0 Ni(Ac),-4H,0 53 4% %
1 G2 BAL YL I MgO F NiO , 3 3 — 25 48 e il 45
T PMW-PNN-PT 3 {4 | JF 38 T b 2% 2 4 &
PMW-PNN-PT 344 () 52 o7 HLIES 38 3 1] 1 A Ao
FATT K B2k 4 1 RE A5 45 24 5 MgO NiO 1 PhO
B9 R E M AR R TRL BE T AR AT 4l B B 45 44 1Y
PMW-PNN-PT B3 & | A SCHE R SCHO A58 SRl SR
b=k A T B2 M0, F1 i & WO, 1Y
0.29PMW-0.41PNN-0.30PT ¥ i4 | $ BT b ik & f
£ 1100~1200 CHZE 15 T 2 XTR FePEr b &
kL,

1 SEWHES

1.1 U5

B I & . PbO  WO5 NbOs TiO, Mg (Ac), -
4H,0 Ni(Ac), - 4H,0 MnO, S HAth i A 1250 ¥ o 1
B [ AT Al

HP4284A ARG % LCR X (35 H 3 2A wl) D/
MAX-yA B X7 AL (H AL 2220 7)) (Cu Ko HT4KR) |
H FP21 4 A] 45 A% PID 145 #% (H A% & Ha 2 w45 1l
1) SSX-12-16 BUAH A A BH A (- HESC oL b)) (HI-
TACHI S-570 B4 L BE AN
1.2 XWHZE

Fi SCHRSH] 45 0.29PMW-0.41PNN-0.30PT + WO,
+ 0.002 5MnO, (x=0,0.05,0.10,0.15) 5 i 7ij K 44 | 4%
J& 4 850 CTikE 2 h 1% 5] PMW-PNN-PT JE43 4 | B
gt i FEH A 54000 T 1100.1 130, 1150,
1200 CHe4h 2 h Hilf3 M %,

K H AR B 22 D/MAX-yA B A 3h X S 5
1 (Cu Ka H1 %k, 251K 0.02, FH#E F 20~70°), 1 &
Fe & W AR ZE AR, 8 3 HITACHI S-570 A4 4 Ha 45 UE
TN B e B i T SOUR I 0 T A5 P U AR AR
FHH AL T > T 0 5 (I B A HP4284A B RS
% LCR AKX R 4 1 ) I & /i i 3 50 o, 0 4 0L
W2 —55~125 °C, B A it 9 A Wt B8 2 1k F
R RFTCC Foom , Hat Bk r .

Tec/o="."53%  100%

¢

2 HR5SiTR

2.1 FUFEHEFH PMW-PNN-PT Bk rI18 4

R 53 #f

B 1 o3 50l 2 i T o Al Sk A A A
0.29PMW-0.41PNN-0.30PT + xWO; + 0.002 5MnO,
(x=0,0.05,0.10,0.15) Fy 4 AR 1E 850 CHBbE 2 h
BEIR AR XRD B, i 1A LA WO, R
B A TP R S BR T A A B R BB 2R WO,
ol R R T & A Ph,WOs, JEHEEE WO,
AN Ph,WOs Y S L TG, T Y
AT AR E] A Ph,WOs AT LAE be 2 i 72
AL M AS A (HR 2R WO, i i 2
Ph,W O G i 58 4x e tb o A5 ER 0T AH £ 3K DU A 1A
AR R BAL G A T I P B R A £
2R A1 H PhsNb,O 3 I T 2 b~ 0 1 B T e
St AN TG A 5 e A Gk AL,
PEAH R ALIRFRATT A FT SR RHES,

& : Perovskite
¥ 1 Pb,WO 5
o © <
< &
M e “W“ w?‘,nmml‘ o
J poiaw A 1 - memi ORI A
A " I} 1 " l I Y
'.‘ g JL " A 1 " ™ J.v ' a:' s
20 30 40 50 60 70

20/ ()
a: =0, b: x=0.05, c: ¥=0.10, d: x=0.15
El1 WO, PMW-PNN-PT 38148 XRD &l
Fig.1 XRD patterns of PMW-PNN-PT based powders
with different excess-WO; amounts
22 KREBREINMEMMAR MM BERE
b
Bl 2 g5 1 7 AN AR R Be 45 il 45 19 0.29PMW-
0.41PNN-0.30PT + 0.05WO; + 0.002 5MnO, F % i)
XRD B, WEH AT LLE H 11001130 F1 1150 Che
G5 (1) B SRR B X R A ER B S5 K L {HJE: 1200 ChE
S5 RE S T B D Ph,WOs., 1 X R I S 1 32 L
J AR BE A5 IR B i m , OF 7Rt s 0T A5 8k
WA AR E AR 22 | 5 T 40 i OB AH PhW O, 55°H
1123 °C)*1F1 Ph,WOs(} 554 935 °C)10, Bt i 72 v



Fo

1 75 1% . PMW-PNN-PT B8 % 1 1 2 S A PE RE A 5T

-1687-

XLERA AN RE 5 A B AL M AN R AH T DL AR AR
AL ATOHE T ok,

<&+ Perovskite
¥ Pb,WOs

20/
a:1 100 °C, b:1 130 °C, c:1 150 °C, d:1200 C
Bl 2 S [ 3 B 45 i 45 () PMW-PNN-PT P 248 i 19
XRD &l
Fig.2 XRD patterns of PMW-PNN-PT based ceramics

sintered at different temperatures
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Fig.3 SEM images of PMW-PNN-PT based ceramics

sintered at different temperatures
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Fig.4 Temperature dependence of dielectric constant (a)

and the change in capacitance (b) of the
PMW-PNN-PT based ceramics sintered at

different temperatures
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Table 1 Dielectric properties of PMW-PNN-PT based ceramics sintered at different temperatures
Room temp. (25 °C) TCC / %
Sintering temp. / °C

K tand =55 «C -30 C 85 C 125 C

1100 5080 0.007 8 -16.2 -8.7 -15.6 -36.7

1130 4930 0.008 4 -3.7 -1.9 -4.0 -13.8

1150 5395 0.003 3 -4.1 -5.8 -11.2 -7.7

1200 5000 0.006 5 -36.3 -17.0 -11.7 -16.4

JEE S T PN A BN I EL A F R RO R R R, (IR
) 98 3 A PR I AR 25 X AT BRI T 1130 Al 1
150 CHEZE I FE SN IE I T 102 1 RN 45 AR 2 50 1
“HE N o My B e TR 4 YR R A I LT X
i Fe-ith " E5 KE ) 2 e 4 T B A S R B 2 A AR
MR A A3 IF B Z R A A M S BB SR A
HLH RO R R, A TR B AR E M AR 2

SR u T O T =g W Sl S A Tl D=
PMW-PNN-PT Fi & i) e fEbe 45 454444 1150 °C/2 h,
AT A5 Y B R T DL R XTR R
K, HA HLR GRS 5400,
2.3 WO, I =3I MEHARFIN BRI

Bl 525 T 1150 °C/2 h B4 Hl15 /7 0.29PMW
-0.41PNN-0.30PT + xWO; + 0.002 5MnO, (v =
0,0.05,0.10,0.15)F & () XRD Kl , NI AT LU 3]
x=0 F1 0.05 11 i & A 5 19 A0 241 By 455 4k 0 25 44
kB /D 3 B WO, X RR S B AR AL RS R B B ]
B WO, T 1935 A 5 g i i 38 Ph,WOs AH | IF
HFf WO5 & 5 19350 Ph,WOs AH & & B m

Bl 6 45T 1150 °C/2 h H4sH 131 WO, i &
1) PMW-PNN-PT F %45 i 09 0 305 135 25 1 & Zoith

<& @ Perovskite
# 1 Pb,WOs

20/ ()

a: x=0; b: ¥=0.05; c: x=0.10; d: x=0.15
K5 i WO, ) PMW-PNN-PT M % F dh 1) XRD
Fig.5 XRD patterns of PMW-PNN-PT based ceramics

with different excess-WO; amounts
& HETABMGREY TR 2, ATLEN . WO, ki
AR AL TCTE T XTR RREE SR AL & WO,
Ji R RS540 T A5 1 B e A T LA 2 XTR R
(23R BRI N A3 B 1 WO, A R 23 B e 14 A
F IR B AR P | {HL ] B s BRI P A L A 25
G 7 B A HLH B /IS RN R R RS M Ry T R ER
PMW-PNN-PT P % h WO, M i fEd #H A Smol% .,

15
10 (®)
—+— 0 WOs
Sk d —x— 5% WO,
0 —x— 10% WO,

—o—15% WO;

=
S g
E-10} x
-15F R
+\+\
20+ Jr*+.+_+«+-+\ +
\,
“
251 RN

40 20 0 20 40 60 80
T/C

K6 WO, it i) PMW-PNN-PT F % HE i i A i 15 (a) FAS T 2R 2R ()

7 000
(a)
6000 P S S%wo
- P . KT J70 3
g +/+ HHRHHKK 5 " +\+\ . —x— 10% WO,
2 / %*N My —o— 15% WO,
8 / Ko R,
S /s Fo b
.2 5000+ XXXKXN s s
b= X KXok
3 5000000 X‘X"X‘X%x %%*M'”{
< ‘0000~0.0 » ~X‘X'><~x ,;:*5
[a] ,,o’o ~OTJ‘(’-O.(,T, -><")<'><‘><»><-><—>2<
4000 |- ﬂ~&°‘°'°~o~o-o-o—o’°'0-
3 000 1 1 1 1 1 1 1 1 1
-40  -20 0 20 40 60 8 100 120
T/°C
Fig.6

with different excess-W0O; amounts

Temperature dependence of dielectric constant (a) and the change in capacitance (b) of the PMW-PNN-PT ceramics
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Table 2 Dielectric properties of PMW-PNN-PT based ceramics with different excess-WO; amounts

Room temp. (25 °C) TCC/ %
Excee in WO;/ mol%
K tand =55 C -30 C 85 C 125 C
0 5900 0.0028 -12.4 4.7 -20.5 -26.2
0.5 5395 0.0033 -4.1 5.8 -11.2 =77
10.0 4782 0.004 5 -24 49 -10.7 -8.2
15.0 4377 0.0058 -54 45 -10.7 -8.8
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