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Abstract The current study demonstrates an efficient procedure to create ingots from Al,O; powder using the skull melting
method to use these ingots as a starting material in conventional methods for growing synthetic single-crystal sapphire.
Dimension of the cold crucible was 24 cm in inner diameter and 30 cm in inner height, 15kg of ALO; powder was
completely melted within 1h at an oscillation frequency of 2.75 MHz, maintained in the molten state for 3 h, and finally
air-cooled. The areal density and components of the cooled ingot by parts were analyzed through scanning electron
microscopy with energy dispersive X-ray spectroscopy (SEM-EDS). The areal density and Al,O; content of the ingot were
related to the temperature distribution inside the cold crucible during high-frequency induction heating, and the area with
high temperature was high tends to be high in areal density and purity.
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Table 1

Used symbols and RF generator conditions
Symbol Analytic Value unit
Ce Tank condenser capacity 500-3500 pF
To Inner diameter of the cold crucible 24 cm
h,, Inner height of the cold crucible 30 cm
N Number of cooling fingers 56 ea
d; Diameter of cooling fingers 1.3 cm
ng, Coil windings 3 turn
d, Diameter of the coil tube 0.6 cm
d; Inner diameter of the coil 30 cm
h,, Height of the coil 15 cm
I, Length of the coil tube [l., = n,,m(d; + d.)] 269.5 cm
f Working frequency 1.47-3.88 MHz
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Experimental and calculated values of frequency and penetration depth (3,,.) by various tank condenser capacity (500~3500 pF) and coil

(30 x H15 cm, 3 turn)

Tank capacity Frequency (MHz) Penetration Inner radius of the 5 R
(pF) Calculated Measured depth (5,,,., cm) cold-crucible (R, cm) me
500 4.26 3.88 8.08 0.61
1000 3.01 2.75 9.61 0.72
1500 2.46 224 10.63 0.30
2000 2.13 1.94 11.42 13.3 0.86
2500 1.90 1.74 12.08 0.91
3000 1.74 1.59 12.64 0.95
3500 1.61 1.47 13.14 0.99
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Fig. 3. Photographs of (a) melting AL,O; powder at an oscillation frequency of 2.75 MHz and (b) an ingot that was air-cooled inside
the cold crucible and separated from the crucible.
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Fig. 4. Patterns of ingot according to output frequency (a) 3.88
MHz, (b) 2.75 MHz, (c) 1.47 MHz.
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