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ABSTRACT

A total of 250 rough sapphire samples of non-gem quality from magmatic
affiliated gem fields of Australia, Cambodia, China, Laos, Madagascar (Diego
Suarez), Thailand (Phrae and Kanchanaburi), and southern Vietnam, and 90 rough
and cabochon cut sapphire samples from metamorphic affiliated gem fields of
Madagascar (Ilakaka), Myanmar, and Sri Lanka, were studied. The samples are
mainly blue with various shades. Some are greenish blue and yellowish green, and a
few are brown. The main purpose of this study is to study heat treatment process of
non-gem blue sapphires. Physical and optical properties, and chemical composition of

these samples are also investigated.

For heat treating experiments, 307 sapphire samples were selected, avoiding
the samples that contain large and/or numerous fractures. The 307 samples were
divided into two batches according to the objective of the heat treatments. The first
batch was heated to lighten their very dark blue colour while the second batch was

heated to intensify or develop the blue colour.



vi

From this study, it can be concluded that (1) dark blue colour of non-gem
sapphire samples can be lighten by heating between 1,200°C to 1,350°C, under
oxidizing condition, with 5 hours soaking time. Heating over 1,450°C, under reducing
condition, without soaking time, can intensify or develop their blue colour. However,
heating over 1,400°C, under oxidizing condition, with 5 hours soaking time, can also
intensify the blue colour in the samples and can also change brown colour to blue. (2)
UV-Vis-NIR absorption spectra of the samples indicate that the more intense the blue
colour developed or intensified after heating, the stronger the intensity of Fe*"/Ti*"
absorption band. Fe*'/Fe’” absorption band is absent in unheated metamorphic
affiliated samples but appears after heating in some samples. The Fe*"/Fe’" absorption
band probably contributes to the darker blue colour in the samples. (3) Chemical
composition of the studied samples obtained from EPMA-WDS reveals that iron
content varies with the intensity of blue colour. Titanium content varies with whitish
cloudiness in the sapphire and also relates with the intensity of blue colour.
Magnesium content in the studied samples probably affects the intensity of blue
colour, as does the titanium content, although its content is low. In general, the
metamorphic affiliated samples have higher proportion of success in heat treatment
than the magmatic affiliated samples. This is probably related to higher iron content in
the magmatic affiliated samples, (0.264 wt% to 0.738 wt%). (4) Most mineral
inclusions in the studied samples examined by SEM-EDX spectrometry are iron-
and/or titanium-containing inclusions, and they often occur as micro-inclusions
scattering in the samples. These inclusions can affect the darker blue colour after
heating at higher temperatures. (5) Non-gem blue sapphire samples which response
well to heat treatment are those displaying milky appearance and dark blue patch,
especially in the middle of the sample. After heating, the blue colour can be
developed or diffused through the samples. Samples that did not response to heat
treatment, even at high temperature (up to 1,900°C) under both oxidizing and
reducing atmosphere, are those with yellowish green, blue core/trapiche, white core
and colourless core appearences. It is noted that the core and trapiche, and strong

zoning appearances in the samples cannot be eliminated by heat treatment.
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