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Abstract: At present, about 80 percent of rough sapphire mined from the Mogok mine in Myanmar must be opti-
mized before being put into the market, mainly heat treatment. In this paper, the sapphire from Baw-mar mine,
Mogok, Myanmar is heat treated with different temperature regimes, and electron microprobe, X-ray powder crystal
diffractometer (XRD), ultraviolet-visible-near infrared spectrometer, fourier infrared spectrometer and laser raman
spectrometer were used to compare the spectroscopic characteristics before and after heat treatment. The results
show that after heat treatment at 1 300°C, all XRD peaks of sapphire with 20<60° begin to shift to low angle direc-
tion, and the ratio of unit cell parameter ¢/a decreases with the increase of heat treatment temperature, which is

presumed to be related to the distortion of its crystal at high temperature. The main chromogenic elements of sap-
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phire in Baw-mar mining area are Fe, Ti and V, among which Fe and Ti together cause it to be blue, V makes it
slightly green, and the gray color of some samples is mainly caused by Ni. After the heat treatment, the charge
transfer of Fe’*-Ti*" is enhanced, and the charge transfer of Fe’*-Fe’* is weakened, resulting in an enhanced
585 nm ultraviolet absorption band and a weakened absorption peak at 746 and 764 nm. At the same time, the col-
or of the sample turns blue and the gray tone weakens. In the infrared spectra, the sample appears at 1 988, 2 123
em™" diaspore hydroxyl frequency doubled vibration absorption peaks and 3 619, 3 696 cm™" kaolinite outer hydrox-
yl and inner hydroxyl vibration absorption peaks. After the heat treatment, the diaspore and kaolinite are completely
dehydrated, and the crystal structure is destroyed, resulting in the disappearance of all the hydroxyl absorption
peaks. After heat treatment at 1 100°C, the Raman peak at 1 324 em ™' appeared and gradually increased with the
increase of temperature. It is speculated that it is caused by the reaction of molten borax and Al,O; at high tempera-

ture to form glassy substances along the cracks and enter the interior of the sapphire. The research in this paper also

provides ideas and basis for further discussion of its color changing process.
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Rough sapphire from Baw-mar mine, Mogok, Myanmar
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Fig. 2 Comparison of sapphire before and after heat treatment
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Table 1 Electron mircoprobe composition analysis of samples before and after heat treatment
s Al, 04 Si0, FeO " Tio, V,0; NiO Cr, 04 Ga, 05 MgO FeO ™ /TiO,
GM1 99.02 0. 34 0.45 0. 03 0.01 0.02 0. 00 0.02 0.04 15.00
GM2 98.90 0.37 0.49 0. 03 0.01 0.03 0.02 0.02 0.05 16. 33
GM3 99. 11 0.32 0.47 0. 03 0.01 0. 00 0. 00 0.01 0. 00 15. 67
GM4 99. 03 0.32 0.48 0. 04 0.01 0. 00 0. 00 0. 02 0. 03 12.00
GM5 98. 88 0. 40 0. 50 0. 03 0.01 0.02 0.02 0.01 0. 00 16. 67
GM6 99.07 0. 40 0.39 0.03 0.01 0.01 0.02 0.02 0. 00 13.00
GM7 99.01 0. 34 0.48 0. 04 0.01 0.03 0. 00 0.02 0.03 12.00
GM8 99. 09 0.39 0. 40 0. 03 0.01 0.02 0.01 0.01 0. 00 13.33
GM9 99.01 0.32 0.53 0. 04 0.01 0.04 0. 00 0.02 0. 00 13.25
-3 99.01 0.36 0.47 0.03 0.01 0.02 0.01 0.02 0.02 14. 14
HS1 99. 00 0.33 0.29 0.03 0.01 0.02 0. 00 0.02 0. 03 9.67
HS2 98. 87 0.35 0.38 0.04 0.01 0.03 0.02 0.01 0.05 9.50
HS3 99. 10 0.32 0.34 0.03 0.01 0.00 0. 00 0.01 0.00 11.33
HS4 99. 00 0.31 0.32 0.05 0.01 0.00 0. 00 0.02 0.03 6. 40
HS5 98. 83 0.38 0.34 0.04 0.01 0.01 0.01 0.01 0.00 8. 50
HS6 99. 00 0.37 0.21 0.05 0.01 0.01 0.02 0.02 0.00 4.20
HS7 98.98 0.32 0.22 0.05 0.01 0.02 0.00 0.02 0.02 4.40
HS8 99. 04 0.38 0.26 0.05 0.01 0.01 0. 01 0.01 0.00 5.20
HS9 98.91 0.30 0.32 0.04 0.01 0.02 0. 00 0.01 0. 00 8.00
T 98.97 0.34 0.29 0.04 0.0l 0.01 0.01 0.01 0.01 7.46
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Fig. 3 XRD diffraction patterns of sapphire before and

after heat treatment
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Table 2 Lattice parameters and c¢/a ratio of sapphire

before and after heat treatment

eSS a=b ¢ e/a R
GM2 4.760 0 12.995 7 2.730 1 12.1
GM4 4.759 5 12.998 0 2.730 9 11.0
GM3 4.758 0 12.988 4 2.729 8 10. 8

HS2(900°C) 4.754 6 12.976 7 2.729 3 11.3
HS4(1100°C) 4.7524 12.967 4 2.728 6 10.5
HS8(1300C) 4.7509 12.965 2 2.729 0 10. 4
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Fig. 4 UV-Vis-NIR spectra of sapphire before and after heat treatment
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Fig. 5 Infrared spectra of sapphire before and after heat treatment
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Fig. 6 Raman spectra of sapphire before and after heat treatment
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