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ABSTRACT

In this paper, the effect of MnO, on the electrical properties in the ceramics of xPbTiO;-
yPbZ103-zPb(MgNb)O;, composition, where x, y, z are 0.56, 0.38, and 0.06 molar ratio, was
investigated.

The MnO, content is ranged from O to 3.2 (wt%). The grain growth is retarded with 0.4
(wt%) MnO, addition without the variation of resistivity, but excess addition of MnO, above
the range of solid solution is to result in segregation of MnO; at the grain boundary.

Small addition of MnQ, less than 0.4 (wt%) can facilitate very effectively the formation
of the solid solution of Pb(ZrTi)O3-Pb(MgNb)O; and thus is devoted to increase the bulk
density but the excessive addition is to lead decrease in bulk density.
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Tablel . Piezoelectric constants depend on temperature and composition.

}tiiftlec- 24hours after poldrization
. . ric
W | rempraiuee [l (e Jeb/e D[R [ e
1 KHz)| (Hz.M){| KHz |1KHz |(KHz) ancebh)
1060 528 2,457 | 536.66 | 0.013 | 140.08 | 0.133 | 534.54 | 131.25
0 1100 54 2,42 | 517.77 | 0.013 | 142.25 | 0.132 | 413.14 | 17.49
1140 514 2,500 | 508.28 | 0.011 | 142,73 | 0.123 { 389.53 | 214.36
1060 443 2,400 | 451,12 | 0.006 | 131.97 | 0.120 | 84.55 |1249.80
0.4 1100 51 2,586 [ 538.09 | 0.004 | 151.56 | 0.189 | 16.% 2073.18
1140 562 2,629 | 548,09 | 0.005 | 154.49 | 0.236 | 12.83 |[1617.64
1060 44 2,030 | 285.43 | 0.011 | 110.04 | 0.0BO | 758.% | 557.31
0.8 1100 423 2,425 | 417.80| 0.011 | 139.19 | 0,167 | 41.25 1419.09
1140 53 2,649 | 502.31 | 0.006 | 157.13 | 0.171 | 21,63 |1989.15
1060 347 2,266 | 282.41 | 0.028 | 126.60 | 0.106 | 385.86 | 399.61
1.6 1100 469 2,617 | 464.30 | 0.03 | 154.10 ] 0.172| 40.02 |1177.19
1140 A8 | 2,663 |484.12 | 0.027 | 13B.69 | 0.0%2| 44.47 | BT4.07
1060 321 2,247 | 303.02| 0.044 | 126.53 | 0.0% | 68.67 | 3%4.71
3.2 1100 4% | 2,648 | 413.26 | 0.031 | 1%6.68 | 0.124 | 153.57 | 667.87
1140 472 2,87| 4%.92| 0.022 | 160.36] 0.141 | 72.5% | 978.19
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Table2. Synthesis of FDAX results.
7 % 2 2 @ W Q@ v
Az 2% 1060 1100 1140 1140
Wt 24 |Wt.% |At. % |%SE [Wt.% |At.% |%SE |Wt.% |At.% |%SE|{Wt.% |At.% [%SE
MegK| 0.00| 0.00 | 0.00| 0.00] 0.00| 0.00{ 0.00| 0.00| 0.00| 0.22] 1.15 80.9%
04 PoM| 87714 | 6244 | 0.57] 88.10 | 83.20| 0.5%6| 86.51 [ 59.92 | 0.54| 78.14| 46.83 | 1.07
TITiK| 1181 [36.36 | 1.8 | 11,60 36.00| 1.03| 12.59 |37.72 | 0.98| 10.50| 27.3 | 1.3
MaK| 045! 1.20 [ 17.58| 0.29] 0.80] 2638 0.90| 2.36 | 8.82| 1.11| 2.52] 12.85
MeK| 13.58 | 27.60 | 1.72]13.06| 28.5%4| 1.72| 4.9 [ 11.38 | 3.06[ 16.64 | 31.98 1.36
1.6 poM| 11,8 | 2.86 | 2.60|21.001 5.39] 1.73} 13.87§ 3.7 | 1.88] 8.07y 1.8 3.10
) TiK| 16.50 | 17.06 | 0.92 | 16.21 | 17.%®| 088 15.64 [ 18.24 | 0.72| 17.13| 16.71| 081
MoKl 58.19 | 52.51 | 0.55 | 49.73| 48.10] 0.54| 65,53 | 66.64 | 0.38] 58.17| 49.49| 0.50
MgKl 4,04 | 9.3 | 449} 5.17| 11.30| 3.17| 6,95} 15.22 1.2 7.8 17.90] 239
39 M| 93| 2.66 | 2. | s.®w| 1.52) 3.91| 9.45( 2.43 | 2.05{ 16.54| 4.42; 1.90
. TiK| 6961 8.8 | 1.45] 8.23| 9.13| 1.15] 935§10.39] 0.84] 10,29| 11.89 1.4
Mnk| 79.12 | 80.04 | 0.43]80.67| B.84| 0.39| 7.26]71.9% | 0.33] 65.31] 65.79 0.49

— 156 -



Pb(Zr, Ti)O4-Pb(Mg, Nb ) Oy ol

Mean Particle Size (u)

o 4 8 12 B 20 24 28 32 38 A0
Content of Mn0, Wt.% )

a5, st4a$9 2t MY 29 HUEs

Fig 5. Mean powder particle size after cal-

cination
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Table 3 . XRD analysis depend on MnO, and sintering temperature.

Wis |y | CCAy[ath) | e | S| e
1060 4.1304 3.998 66.0203 4.0417 1.0331
0 1100 4.137 4.004 66,3245 4.0479 1.0332
1140 4,1304 4.002 66.1525 4.0444 1.0321
1060 4,124 4.002 66,050 4.0423 1.0305
0.4 1100 4.137 4.016 66.7226 4.0559 1.0301
1140 4.116 3.9956 | 65.7111 4.0353 1.0301
1060 4,119 3.998 65,8381 4.0379 1.0303
1.6 1100 4.1436 4.016 66.3290 4.0581 1.0318
1140 4.110 3.994 65,5629 4.0323 1.0290
1060 4.114 3.998 65.7582 4.0363 1.0290
1.8 1160 4,124 4.004 66.1160 4.0436 1.030
1140 4.119 3.998 65.8381 4.1379 1.0303
1060 4,119 3.9988 | 65.8645 4.0385 1.0301
2.0 1100 4.120 3.9988 | 65.8805 4.0388 1.030
1140 4,124 4.002 66,0500 4.0423 1.0305
1060 4.119 3.998 65.8381 4.0379 1.0303
3.2 1100 4.114 4.0363 | 65,7582 4.0363 1.0290
1140 4.1256 4.007 66.2408 4.0461 1.0296

a2ln Mget Mn9 ol2utid e 77; (.72
2 0.54A 08 A& sl ZHARFE} Fa
stoax AU ¢ /as 1.033004 1.029
2 4L (E3) A & 5 Atk

4. 8 2

2 dTE B3l de FeEe then 2o

A, v Ao Haglel ale A A
AAHAA = dE Mn0,9 H71EFe 0.4
(Wt % )oltt,

B4, ndurge] W9 E ol k= ) Mn
0,& B4 Hol &l AAGN =<glo]

FelERen 7138 P45t YRS},

AR, Mn** s Mgt Agse]  “A”
A3 fLstien olzo] H A FgE A4
7l 9oz YEsT

dA, MnO, 7t 0.4(wt %) o|Helx:
A Boel §4¢ FWAAM 248 A
Bel Aeg FANF oy Arigel F7iskR
o388 AEE FAHA

thAl#, MnO,E #H71shd a5 2 A
ANA AEAFE BL8FHoY AAAH §4
Ase St

aatxl, MnO,9o| 7ol 2lsf A4 c/a
= 1.033 004 1.020 & AT

— 160 —



P Zr, Ti)Og-Pb(Mg, Nb)O, ol MnO, A 717 A 714 Aol vz g3

15

i & 8

1) G. Shirane and A. Taketa: J. phys. Soc.
Jph., 1,5-11(1952)

2) G. Shirane, K, Suzuki and A. Taketa:
ibid, 12-28

3) MRS, 7 v 72, 11, 662—-668(1976)

4) H, Uchida and T. Heeda: Jpn, J. Appl.
Phys., 6, 1292-1298(1967)

5) H. Thomann, Ferroelectrics, 4,
141-146(1972)

6) H. Jaffe et al; proc, [RE, 49 7,
1161-69(1961)

7) HAFEHER-MEE, BEAT v 7 B,
132-140 Bkt (1973)

8) RL. Fullman; J. Met, 447-452, Mar.
(1953)

9) J.C. Wurst and J. A. Nelson; J. Am.
Ceram.; Soc., 55, 109(1972)

10) K. Lucke and K. Detert: Acta. Met,,
5(11), 450-462(1972)

11) K. Kakegawa and J. Mohri; J. Am.
Ceram. Soc., 65, 515-519(1982)

12) B.D. Cullity: Elements of X-Ray
Diffraction, 2nd ed., Addison
Wesley(1978)

13) JJ. Dih and R, M, Fulrath; J. Am,
Ceram. Soc., 61, 448-451(1978)

14) B. Jaffe; Piezoelectric Ceramics,
Acedemic Press(1971)

—161—

53



