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Color Enhancement of Natural Rubies by Annealing
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Abstract We removed the bluish of the natural ruby successfully by vacuum annealing, and measured the
color evolution with annealing time and temperature. We varied the anneal temperature and time 800~1500°C
and 3~26 hrs, respectively. The color evolution of rubies with annealing condition was recorded by a digital
camera and a color coordination visible spectrometer. We determined the optimum bluish eliminating
annealing condition was 1500°C-3 hr, which conserving the natural inclusions. We suggest the bluish shrink
with diffusion coefficient of D=(5x 10"*)exp(-200.000/RT)[cm?/s]. We propose the color of ruby may be determined
as the identical red color if the color difference between two samples are less than 1.0, and the color difference
may be an auxiliary standard to evaluate the color of rubies.
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Fig. 1. A ruby rough stone with bluish.
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Fig. 2. CIE Lab coordination system.
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Fig. 3. Bluish shrinking with annealing time.
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Fig. 5. Reflection spectrum in visible wave length of various
rubies with annealing.
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Fig. 6. Lab and color difference (CD) value evolution with
heat treatment condition.
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Table 1. CIE Lab and Color difference Values of rubies.
Sample L a b Color diif. Eye observation

Rough Ore 94.94 0.38 -0.52 1.327 large bluish
800°C 92.12 0.08 -0.02 3.780 medium bluish
1300°C 98.4 0.07 0.03 2.689 small bluish
1500°C 96.63 0.39 0.17 0.914 no bluish
Red Ruby Standard 1 95.83 0.78 0.38 0 AAA grade
Red Ruby Standard 2 95.29 1.03 0.64 0.649 AAA grade Red
Pink Standard 95.36 1.56 2.56 2.363 AA grade
Pink Standard 94.38 2.11 0.66 2.207 A grade
Syn. Ruby 93.63 2.17 -0.14 2.654 N.A
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