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Comparison of flux and natural sapphire after heat-treatment
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Abstract Various fabrication methods have been used to synthesize sapphire which has qualities of jewelry well beyond
the industrial class. Among them, the flux sapphire of Chatham Company which has as high value as jewelry was selected
in order to compare natural and synthetic sapphire. First, the WD-XRF (Wavelength dispersive x-ray fluorescence
spectrometer) was used to analyze the chemical composition of natural and synthetic sapphire. Although natural sapphire
had very diverse chemical compositions, flux sapphire had small quantities of Mo, Pt and Pb elements in addition to the
similar chemical ingredients to natural one. Pt is decisive proof of flux sapphire. Next, by 1nvest1gatmg spectroscopic
characteristics using UV-VIS Spectrophotometer after heat treatment at high temperatures of 1300°C and 1500°C, the
variation of 690nm absorbance related to Cr’* was detected in the natural sapphlre while those of the 690 nm absorbance
(related to Cr’") as well as absorbance of 376 nm and 388 nm (Fe’") were seen in the flux sapphire. It was found that the
difference in the absorbance variation of flux sapphire is greater than that of natural sapphire after heat treatment. The
chemical composition and spectrum analysis were utilized to compare the natural sapphire and the flux synthetic sapphire.
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Fig. 1. (a) Flux fingerprint inclusion (SFNCS 3), (b) Flux inclusion and metal inclusion (SFPCS 6). (c) Crystal inclusion in the natural
sapphire (NNCS 1), (d) Feather inclusion in the natural sapphire (NNCS 6) (x 100).
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Table 1

Chemical composition of NNCS group (Wt%)
Bl Sample NNCS 1 NNCS 2 NNCS 3 NNCS 4 NNCS 5 NNCS 6

ement

Mg n.d.* 0.020 n.d. n.d. n.d. 0.021
Al 98.1 98.6 98.5 98.5 97.9 97.2
Si 0.468 0.042 0.315 0.236 0.382 0.937
P 0.394 0.230 0.750 0.608 0.596 0.675
Ca 0.052 n.d. 0.021 0.033 0.569 0.661
Ti n.d. 0.061 0.073 nd. 0.075 n.d.
\Y nd. nd. n.d. nd. n.d. n.d.
Cr 0.040 0.064 0.053 0.095 0.057 0.081
Fe 0.883 0.512 0.223 0.460 0.230 0.371
Ni 0.148 0.023 n.d. 0.014 0.010 0.026
Cu n.d. nd. n.d. n.d. n.d. n.d.
Ga 0.032 0.039 0.058 0.038 0.047 0.030
Zr 0.027 0.034 0.053 0.006 0.007 n.d.
Mo n.d. n.d. n.d. n.d. n.d. nd.
W n.d. nd. n.d. n.d. n.d. n.d.
Pt n.d. n.d. nd. nd. nd. n.d.
Pb n.d. n.d. n.d. n.d. nd. n.d.

*n.d.: not detected

Table 2

Chemical composition of NPCS group (Wt%)

Sample NPCS 1 NPCS 2 NPCS 3 NPCS 4 NPCS 5 NPCS 6

Element
Mg nd.* n.d. nd. n.d. n.d. n.d.
Al 97.8 98.8 98.4 98.9 98.9 98.8
Si 0.206 0.180 0.322 0.474 0.479 0.502
P 0472 0.360 0.484 0.056 0.203 0.062
Ca 0.029 0.030 0.043 0.031 0.040 0.054
Ti 0.082 n.d. n.d. n.d. 0.048 0.053
\Y n.d. n.d. n.d. n.d. n.d. 0.032
Cr 0.251 0.064 0.182 0.414 0.206 0.395
Fe 0.968 0.456 0.483 0.536 0.016 0.060
Ni 0.023 n.d. 0.017 n.d. 0.010 0.009
Cu nd. nd. n.d. n.d. n.d. 0.036
Ga 0.038 0.017 0.036 n.d. n.d. 0.005
Zr n.d. 0.071 0.038 n.d. n.d. n.d.
Mo nd. n.d. n.d. n.d. n.d. nd.
W 0.092 n.d. n.d. n.d. n.d. n.d.
Pt n.d. nd. n.d. nd. n.d. n.d.
Pb n.d. n.d. 0.037 n.d. 0.055 0.036

*n.d.: not detected
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Table 3
Chemical composition of SFNCS and SFPCS group (Wt%)
Elom——AMPIE SENCS group  SFPCS group
Mg nd.* n.d.
Al 99.1 99.3
Si 0.486 0.472
P nd. n.d.
Ca 0.017 0.037
Ti n.d. n.d.
\% n.d. n.d.
Cr 0.197 n.d.
Fe 0.009 0.058
Ni 0.006 0.008
Cu nd. n.d.
Ga 0.009 n.d.
Zr n.d. nd.
Mo 0.025 0.020
W n.d. n.d.
Pt 0.084 0.075
Pb 0.008 n.d.
*n.d.: not detected
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Fig. 2. The UV-VIS absorption spectrum of (a) NNCS3, (b)
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Fig. 5. (a) Stress fracture inclusion of flux sapphire (SFNCS 3), (b) Stress fracture in clusion of flux sapphire (SFNCS 4), (c) Stress
fracture inclusion of natural sapphire (NNCS 2), (d) Stress fracture inclusion of natural sapphire (NPCS 2) (x 100).
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