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ABSTRACT

Inner crack-like pores with controlled amount of Ca umpurily level in the high purity alumina single crystal, sapphire,
had been created by micro-lahncation lechnique, which includes ion implantation, photo-lithography, Ar ion milling, and
hot press technique. The morphological change and the healing of crack-like pore m the Ca dopad high purily single
crystal alumina, during high (emperature heat treatment in vacuum were observed using opfical mictoscopy. The
hexagonal bridging ligaments were developed and the size of hexagonal bridging ligaments had been increased with
temperature and Ca amount and had grown 1o their corner rounded. It appeared that the hexagonal bridging ligaments
would have an equilibrinm size with temperature and the amount of Ca addition, Three kinds of erack-like pore healing
type were observed. Edge regression and ligamenl growth were observed from relatively low temperature in the crack-
like pore. Edge regression were found in almost all of the crack-like pore. but the ligament growth were [ound only in
the several crack-like pores. accelerating healing very fast. Flow type healing was observed above 1,800°C and it healed
the crack-like pore very slowly.
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Flg 1. Hexagonal bridging ligaments formcd after | hour
heal treatment at 1,400°C on the inner surface of 100
ppm Ca implanted crack-like pore Note that the shape
and size of lhe hexagenal bridging ligaments aie
regular
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Fig, 2. Hexagonal bridging hgaments had grown afler 35
hours heat treatment at 1,800"C on the same crack-like
pore of Fig. 1. Nate that the size afler growth 1s
regular, too. in spite of mergmg two small crystals
formed at 1,400°C together.
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Table 1. Size of Hexagonal Bridging Ligaments after I hour
at 1,400°C and afler 35 hours at 1,800°C*%. The Size
is the Largest Diagonal Distance in num and
Multiplicd by No. of Feature

Temperaturc Size (um) min}
1.400°C 47x15, 39. 71. 8.3 51 08
136, 142, 154%2,
1,800°C 16.6x3, 17.8%2, 182, 17.9 (18)

18.9, 20x3, 242

*Measurements were made on the pholographs,
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Fig. 3. Hexageual bndgmcr hgamentb Formed aftf:l 40 min.
heat treatment at 1.700°C on the mner surface ol 200
ppm Ca implanted crack-like pore. Note that, as well
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Table 2. Size of Hexagon at Each Temperature and Each Ca Concentration®

Temperature 30 ppm Ca m(n) 100 ppm Ca min} | 200 ppm Ca m{n) m(n)
L400°C AL TL | ssan |58 T 0L | 793) 6.0014)
1500°C 4758, 5.9 4309) 4.809)
1600°C 6'5]= S 03 AL ey | 84, 93, 12 9.6(6) 18.73 187¢3) | 12.23(16)
1700°C 212%2, 26 23303 | 33 383 | 3634 3L7)
180C°C 14,8412 14.8(12) 17 17013 15.4(13)

() 11.7(7) 10.0(41) 222011 12.5(59)

#Measurements were made on the photographs. The size is diagonal (Um}
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3.3. Type of Crack-lke Pare Healing
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Fig. 4. Morphalogical evolution of crack-like pares after 160
mun. heat treatment at 1,700°C om 200 ppm Ca doped
specimen Edge regression is observed at all of the
rectangular crack-like pores
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Fig. 5. Ligamenl growth on the same specimen of Fig. 4.
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