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Analysis of rutile single crystals grown by skull melting method
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Abstract Rutile single crystals grown by skull melting method were cut parallel and perpendicular to growth axis, and both
sides of the cut wafers (5.5 mmx1.0 mm) were then polished to be mirror surfaces. The black wafers were changed into pale
yellow color by annealing in air at 1200 and 1300°C for 3~15 and 10~50 hours, respectively. After annealing, structural and
optical properties were examined by specific gravity (S.G.), SEM-electron backscattered pattern (SEM-EBSP), X-ray diffraction
(XRD), FT-IR transmittance spectra, laser Raman spectroscopy (LRS), photoluminescence (PL) and X-ray photoelectron
spectroscopy (XPS). These results are analyzed increase of welght in air, decrease of weight in water and specific gravity,
shown secondary phase of needle shape, diffusion of oxygen ion and increase of Ti’". From the above results, we suggest that
the skull melting method grown rutile single crystals contain defect centers such as OV, -Ti*, O,-Ti’" interstitials and F'-H".
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Fig. 1. Photograph of rutile single crystal wafers (a) before
annealing, and after annealing at 1300°C for (b) 3, (¢) 6, (d) 9,
(e) 12 and (f) 15 hrs.
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Fig. 2. Photograph of rutile single crystal wafers (a) before
annealing, and after annealing at 1200°C for (b) 10, (c) 20,
(d) 30, (e) 40 and (f) 50 hrs.
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Fig. 3. Change of specific gravity (S.G) and weight with
annealing time.
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Fig. 5. Photographs showing secondary phase of needle shape
in (a) inner and (b) outer area of annealed wafer of rutile
single crystal.
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Fig. 6. Change of XRD spectra with annealing time.
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Fig. 7. FT-IR optical transmittance spectra of rutile single crys-
tal wafers before and after annealing at 1_300”C for 3, 6,9, 12
and 15 hrs in 4000~3400 cm™' region.
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Fig. 8. FT-IR optical transmittance spectra of rutile single crys-
tal wafers before and after annealing at 1200°C for 10, 20, 30,
40 and 50 hrs in 4000~3400 cm ' region.
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Fig. 9. Raman spectra of rutile single crystal wafers before and
after annealing at 1300°C for 3, 6, 9, 12 and 15 hrs.
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Fig. 10. Raman spectra of rutile single crystal wafers before
and after annealing at 1200°C for 10, 20, 30, 40 and 50 hrs.
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(c) A,, vibration mode of Raman shift perpendicular to the c-axis with Ti**, O* and O,.
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Fig. 12. Photoluminescence spectra of rutile single crystal
wafers before and after annealing at 1300°C for 3, 6, 9, 12 and
15 hrs.
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Fig. 14. X-ray photoelectron spectroscopy (XPS) spectra of
rutile single crystal wafers before and after annealing at 1300°C
for 3, 6,9, 12 and 15 hrs (after etching by Ar-laser).
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Fig. 15. X-ray photoelectron spectroscopy (XPS) spectra of
rutile single crystal wafers before and after annealing at 1300°C
for 3, 6, 9, 12 and 15 hrs (before etching by Ar laser).
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Fig. 16. Ti 2p XPS spectra of rutile single crystal wafer (a) before annealing, and after annealing at 1300°C for (b) 3, (c) 6, (d) 9,

(e) 12 and (f) 15 hrs.
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Table 1
Analytical data of Fig. 16
peak area area ratio centre hgt hgt ratio FWHM G/L%
Before TiO, 74557.80 2145 31.95 459.17 7382.47 20.59 1.43 0.62
TiO, 36525.70 10.51 457.50 3177.06 8.86 1.66 20.03
Ti,O,4 3476.35 1.00 456.14 358.46 1.00 1.48 0.00
3 hrs TiO, 70543.50 8.38 11.74 459.03 6757.80 9.86 1.51 24.17
TiO, 28349.90 3.37 45738 2733.46 3.99 1.49 34.35
Ti,O,4 8421.65 1.00 456.41 685.05 1.00 1.77 0.17
6 hrs TiO, 73045.20 8.77 12.63 459.05 7047.54 10.78 1.48 52.06
TiO, 32156.60 3.86 45739 2890.78 4.42 1.57 0.51
Ti,O,4 8331.10 1.00 456.46 653.78 1.00 1.83 2.08
9 hrs TiO, 78433.10 9.78 14.13 459.06 12088.44 10.44 1.55 8.96
TiO, 34903.80 435 45738 5551.63 4.79 1.50 40.24
Ti,O,4 8019.74 1.00 456.36 1157.98 1.00 1.68 4.00
12 hrs TiO, 72460.80 7.32 11.05 459.11 7137.69 10.27 1.46 43.00
TiO, 36912.10 3.73 457.46 3004.93 432 1.77 22.63
Ti, O, 9900.25 1.00 456.63 695.31 1.00 2.12 21.17
15 hrs TiO, 65109.40 7.02 10.78 459.09 6251.15 9.12 1.50 41.24
TiO, 34778.80 3.75 45743 3056.99 4.46 1.64 24.65
Ti,O,4 9270.04 1.00 456.43 685.33 1.00 2.06 33.38
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