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Study on Coloration Mechanism and Enhancement of Low Quality
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Abstract Madagascar is now the most important origin of sapphire all over the world. Aiming to analyze the
coloration mechanism with ultraviolet—visible absorption spectrum and X-ray fluorescence (XRF) and to explore
the heat treatment process of low quality sapphires from Madagascar, the sapphire samples are treated at 1300 C~
1600 C for 12~20 h in the air, most of the samples become light ones with weaker Fe*/Ti* charge transfer, and some
samples show fine color in blue with the decline of Fe’ and increase of Ti*".
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Fig.1 Sapphires from Madagascar treated in the experiment
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Table 1 Reagents used in heat treatment

Chemicals Purity State
AlOs AR Powder
AI(OH); AR Powder
TiO; CP Powder
Na;B,0O- CP Powder
CaCly CP Powder

HC1 CP Liquid

233 £y &
AL PRI S =4 AN 2R o B — 4 R[] A A B L BE S AR IE O S1-1 R S1-2, 55 4N K[
B4 TE R B R] AR A AR IC D S2-1 1 S2-2, B = A SR FH AN [A] By s R, 5 oh il AP (N a.B.Or) #1 CaCl. 2 [/ — /N
4, ALO;Fil A(OH); A i — /AL, H R 1 AR Uk FA Kb 38U J5 A4 5 A mT b Ta) — /NG A R A B A ) — B =8
AL BkRiE o S3-1.S3-2,83-3 fil S3-4.
A A B AR R IR R R AT . AL B BEOR AR R R VLR 24 h DB 2 B AR BT A%
F o Hb ST %

Table 2 Scheme of heat treatment

Serial Sample Additives Temperature /C Time /h

S1-1 1300

1 12

) :;_? Al0;+Ti0,+Na,B,0; 1600 12
S2-2 20
S3-1 Al,0;+TiO.+Na:B.0O; 1300

3 S3-2 Al;0;+TiO.+ CaCly 12
S3-3 AlO;+TiO,+Na,B,0;
S3-4 Al(OH),;+TiO,+Na,B,0-
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Table 3 Chemical composition of sapphires from Madagascar

Chemical composition o /% (mass fraction)

Number

Al,O; Fe.0; SiO. CaO Ga,0, Cr;0; TiO, Fe,0:/TiO,
1 98.179 0.904 0.163 0.033 0.032 0.023 0.019 47.58
2 97.971 0.836 0.504 0.070 0.026 0.021 0.022 38.00
3 97.996 1.007 0.316 0.045 0.026 0.019 0.022 45.77
Average 0.916 0.021 43.78

M 3ARMER Sk TN = A 1 o(Fe.0,) L &, F 3 H S 0.916% , 8 32 1 11 548 i i (i
G 0.02%~0.12% 7 385 B | 1M o (Ti0.)F 2118 4 0.021% , 5 18 5 % 55 41 19 0.006%~0.020% %% S #5305 , A itk H:
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Table 4 Weight fraction of Fe & Ti in sapphires outside Madagascar

Origin w(Fe:05) /% w(TiOy) /% Fe,0; /TiO,

Burma 0.120 0.010 12.00

Burma 0.100 0.120 0.83
Sri Lanka 0.050 0.020 2.50
Sri Lanka 0.060 0.100 0.60
Shandong 0.987 0.013 75.92
Shandong 1.130 0.027 57.52
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Fig.2 Different appearance before and after heat treatment. (a) Unheated; (b) heated
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Fig.3 Red material in the crucible after heat treatment Fig.4 UV-Vis spectra of S1-1 and S1-2 before and after

of S1-2 heat treatment
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Fig.5 Ion diffusion mechanism in corundum gemstone. (a) Ion implantion diffusion; (b) ion release diffusion
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Fig.6 EDS profile of the red material in the crucible after S1-2 heat treatment
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Table 5 XRF results of S1-2 before and after heat treatment

Chemical composition w /% (mass fraction)

AlLO; Fe,0; TiO, Ga,0; Cr,0s4 Fe,0:/TiO,
Unheated 97.996 1.007 0.022 0.026 0.019 45.77
Heated 97.904 0.723 0.574 0.024 0.015 1.26
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Fig.7 UV-Vis spectrum of Sri Lanka fine blue sapphire
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Fig.8 UV-Vis spectra of S2-1 and S2-2 before and after heat treatment
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Fig.9 UV-Vis spectra of S3—1 and S3-2 before and after heat treatment
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Fig.10 UV-Vis spectra of S3-3 and S3-4 before and after heat treatment
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