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Abstract: [Liooi(NaosiKoas)oes) (Nb1-0s-xTaxSboo)Os lead-free piezoelectric ceramics have been prepared by
normal sintering at 1,100C for 5 h. X-ray diffraction analysis indicated that specimens demonstrate
orthorhombic symmetry when Ta<5 mol%. While transforming into tetragonal symmetry when x = 20
mol%. These suggest that the orthorhombic and tetragonal phases co-exist in the ceramics with 5 mol%

(Ta {20 mol% at room temperature. All samples have high density, ranging from 4.46 to 4.79 g/cm3. As
the result of SEM images, the grain growth was decreased with the increase of Ta substitution. The
ceramics become 'softening’, leading to improvements in k, & and ds, but a decrease in Q.. Excellent
properties of k,= 0.46, dz= 293 pC/N, er= 1583 and Tc= 340°C were obtained when Ta= 15 mol%.
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Fig. 1. X-ray diffraction pattern as a function of Ta
concentration.
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Fig. 2. Microstructure as a function of Ta concentration,
(a) 5 mol% Ta, (b) 10 mol% Ta, (c) 15 mol% Ta, (d) 20
mol% Ta, and (e) 25 mol% Ta.
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Fig. 3. Sintered density of Li and Sb-modified KNN
ceramics as a function of Ta substitution level.
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Fig. 4. Electromechanical coupling factor (k,) as a
function of Ta concentration.
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Fig. 5. Piezoelectric constant(dsy) as a function of Ta
concentration.
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Table 1. Physical characteristics of the sample as a function of Ta concentration.

Sintering Mol p dz Dielectric
To-t T
Temp.[T] [%] [g/cm’] e Sm [pC/N] constant > :
5 4.46 0.34 105 132 636 85 391
10 454 0.43 53 268 1,312 50 370
1,100°C 15 4.66 0.46 54 293 1,583 35 340
20 472 0.44 69 274 1,606 14 316
25 479 0.39 72 225 1,470 -24 295
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Fig. 6. Dielectric constant(g) as a function of Ta
concentration.
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Fig. 7. Mechanical quality factor(@,) as a function of
Ta concentration.
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Fig. 8. Dieletric constant as a function of Ta
concentration.
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Fig. 9. Temperature dependence of -electromechancal
coupleing factor(k,) of specimens.
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Fig. 10. Effect of Ta-substitution level on P-E

hysteresis loop.
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