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Effects of the Processing Variables on the Microwave
Dielectric properties of (Ba,Pb)O-Nd,0,-TiO, Ceramics
-Statistical Analysis by Response Surface Methodology
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BERAENH ez (Ba, Pb)O-Nd,05TiO, Aatg28] nFs §FAEA e 222E, 2FAI, A¥Yste
el A7t FREe 4272 dxrt ot wet AR g Frlee Qe AMAoz iy, 2
Z B F%E M 3A viAe AL £2ZAN AYYRG 2B ergdo. 4¥Y 526~600 kg/em®, &
1285~1297C. 4&ZAAIZol 2.5~3.5 Atdw o] nFn fFA5Hoze A& 88~89, Qxf, #°l 4500
T = lppm/T 9 HAe 21& AUt

ABSTRACT

The effects of sintering temperature, sintering time and forming pressure on the microwave dielectric properties of (Ba,Pb)O-
Nd:0,-TiO, ceramics were investigated using the response surface methodology. With the increase of the dielectric constants, the
sintered densities were increased linearly whereas Q values were decreased linearly. The sintering temperature was the dominant
factor to affect the dielectric properties among the processing variables studied. When the sample was pressed at 525~600 kg/fem?
and sintered at 1285~1297 °C for 2.5~3.5 hrs, the sample showed the optimum dielectric properties which were the dielectric con-
stant of 88-89, Qxf, of >4500, and 7, = £ [ppm/°C.
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1 d%d 49 2.

Table 1. Transformed experimental conditions

B2 4% 2%
Table 2. Experimental Results

bk HEsHX]) | HEex(X2) HEAZHX) 4993 | 2749z #4& QQ*fy
1 -0.5 -0.5 -0.5 1 5.5548 85.3 1327(4920)
2 -0.5 -0.5 -0.5 2 5.5675 85.5 1330(4941)
3 -0.5 -0.5 -0.5 3 5.5979 86.5 1323(4914)
4 -0.5 -0.5 -0.5 4 5.6026 86.6 1334(4915)
5 -0.5 -0.5 -0.5 5 5.7214 89.5 1237(4564)
6 -0.5 -0.5 -0.5 6 5.7246 89.8 1245(4583)
7 -0.5 -0.5 -0.5 7 5.7237 89.9 1252(4619)
8 -0.5 -0.5 -0.5 8 5.7404 89.9 1255{(4612)
9 -1 0 0 9 5.6765 88.2 1331(4817)
10 0 0 0 10 5.6784 87.9 1320(4786)
11 1 0 0 11 5.6827 88.2 1326(4792)
12 0 0 -1 12 5.6227 86.4 1329(4850)
13 0 0 1 13 5.6655 88.4 1305(4833)
14 0 -1 0 14 5.4467 83.2 1362(5183)
15 0 1 0 15 5.7248 90.6 1259(4626)
Eeoltt. X;X3- 0.0300 X,X;- 0.0020 X/’

oldel Z#zRE FHE U Q(Qxfo)& AoidA
HMe 2FLEE Aodte 3ol A F£ HHY
& ¢ % o

HEEHBENY R WS4 2FUEY #$AE BY
3 23 3AAS(Regression Coefficient)?} 99.7
2A ot & Yz o AFUEY HEESs
o AAe e 2 4og FUHS 4t

A2Z9%= = 5.6848 +0.0062 X, + 0.1429 X, +
0.0227 X; + 0.0012 X;X, + 0.0027

- 00958 Xzz - 00374 X32 (2)

A ANz & 4 URol AP (et AU
)7t 2395 98¢ vlAe Yl second order
polynominal #3422 EAs7] W& FA Y
3o 4o WHonEe Mo Ertwst =@ 7t W
+E U F3AEE gobd 71 gt ol AL
e RHEM Y] {84 =72 84 4 vtk Fig.
694 12 2ZYUES W49 FAFE WEHEBVEL
Yoz ¥Nstn 1 F & d4E 23U F veR
F A 2ddEge] @4 & 23 d FadeE #A
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1328

92

*

Transforned Time

5300 —

5100 |-

4900

T

T

4700

4500

T

| 1 1 1 1 I
5.5 56 5.7
Sintered density(g/cm®)

4300 s
5.4

5.8

J8 4 4&7F Axe Qxfo gtItel A
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Fig. 6. Sintered density as a function of the
sintering temperature and time at the
forming pressure of 525 kg/cm’.
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h. Fig. 13& ol 22 @AM A¥<gel 600
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Fig. 7. SEM micrographs of (Ba, Pb)O-Nd,04-TiO,
ceramics sintered at 1280¢C.
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Fig. 8. Sintered density as a function of the sin-
tering temperature and time at the form-
ing pressure of 600kg/cm’.
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Fig. 10. Sintered density as a function of the sin-
tering time and the forming pressure at
1270T.
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Fig. 9. Sintered density as a function of the sin-
tering time and the forming pressure at
1300T.
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Fig. 11. Sintered density as a function of the sin-
tering temperature and the forming pres-
sure at 4h.
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sintering time, 2h
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Fig.12. Sintered density as a function of the sin-
tering temperature and the forming pres-

sure at 2h.
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Fig. 14. Temperature coefficients of resonant fre-
quency as a function of sintering tempera-~
ture in (Ba, Pb)O-Nd;05-TiO, ceramics.
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Fig. 13. Permittivity and QXfo value as a function
of the sintering temperature and the time
at the forming pressure of 600kg/cm’,
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