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Improvement of Mechanical Strength of Porcelain Insulator with ZrQ, Addition
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ABSTRACT

The porcelain insulators were fabricated with various raw materials such as feldspar, quartz, clay and 17 wt% alumina. Green
compacts were made by the extrusion afier powders ball milling for 6 h and were sintered at 1300°C for 50 min 1%1 the tunnel kiln.
All of the specimens were densified 97% of the theoretical density. The .3~p01.nt flexural strength was 1658 kgf/cm™ and the fracturc
toughness measured by the ICL (indentation crack length) was 2.3 MPa- m'. To improve mechanical property, the composites of
15 wit% AL O3-2 wt% Z1O; and 12 wi% ALO,-5 wiko ZrO, have been fabricated. The flexural strength and the fracture toughness of
sintered parts were 1740 kgf/cm” and 2.4 MPa- -m™? , respectively. Therefore the mechanical properties of specimen contained ZrQ,
were improved about 10%.
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Table 1. Mixing Rate of Specimens

Specimen P;gi‘g Feldspar | Kaoline | ALO; | 710,
K1 | 22wi% | 21wi% | 40wi% | 17wi% | -
K2 | 2wi% | 21wi% | 40wt% | 15wi% | 2 wi%
K-3 | 22wi% | 21 wt% | 40wt% | 12wi% | 5 wi%
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G : shear modulus, p : density
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Fig, 1. Particle size distribution of K-1, K-2 and K-3 specimens

after ball milling for 6 h.

Table 2. Chemical Composition of Raw Material after Ball
Milling for 6 h

Composition (wt%) K-1 K-2 K-3
80, 54.6 54.3 544
AlLO, 40.01 38.02 35.06
CaOQ <0.3 <0.3 <0.3
MgO - - -
Fe,0; 1.13 1.13 1.15
TiO, <0.4 <0.4 <0.4
Na,O <0.7 <0.7 0.7
K,0 245 245 243
710, - 1.87 4.67
Y0, <0.1 <0.28
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Fig. 2. X-ray diffraction patterns of K-1 spccimens heated at
various temperature for 1 h.
(a) room temperature, (b) 750°C, (c) 1000°C and (d)
1300°C.
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Fig. 3. X-ray diffraction patterns of K-1, K-2 and K-3
specimens sintered at 1300°C for 50 min in tunnel kil
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Fig. 4. Effect of sintering temperature on relative density for
K-1 specimen.
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Fig. 5. SEM photographs of K-1 porcelain sintered at (a) 1250°C, (b) 1280°C, (c) 1300°C and (d) 1325°C for 60 min in clectronic furnace.
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Table 3. Flexural Strength, Fracture Toughness, Vickers Hardness, Sintered Density of Specimens after Sintering at 1300 for 50 min in

the Tunnel Kiln

Specimen Absolute lgensity Rcl'ative Flexural Str?,ength Young's Modulus | Vickers Hardness | Fracture Tou%lmess
[g/em™] Density [%] [kg/em’] [GPa] [GPa] [MPa m
K-1 2.58 97.7 1658 102 27.5 2.3
K-2 2.58 97.7 1740 98 292 2.3
K-3 2.6] 98.1 1670 98 278 2.4

Fig. 6. SEM photographs of porcelain sintered at 1300°C for 50 min in tunnel kiln. (a) 17 wi% Al,O, contained porcelain, (b) 15 wt%
AlyO5-2 wt% ZrO, contained porcelain and (¢) 12 wt% Al,O3-5 wt% ZrO, contained porcelain.
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Fig. 7. SEM photograph of 15 wt% Al;05-2 wt% ZrO, con-
tained porcelain stntered at 1300°C for 50 min in tunnel
kiln.
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