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ABSTRACT

Natural gemstone especially corundum is important for the gems and jewelry
industry of Thailand. The raw materials that have been improved their optical property
by heat treatment are currently accepted in the worldwide market. The modified
gemstone has higher quality in clarity, cleanness, and saturation. However, there is a
limit improvement in the low quality gemstones such as those dark tone, high in
inclusions, pale color, or more intensely color corundum because the corundum often
crack by the long-time heating. This research project is concentrated on the
characterization of corundum by using ion beam techniques and enhancement of their
optical property by using ion implantation. Herein, three hundred corundum from
Thailand, Sri Lanka, Myanmar, Cambodia, the USA., Africa, etc. are characterized by
ion beam analytical techniques, as a non-destructive method, consisted of

particle-induced X-ray emission (PIXE) for quantitative analysis of trace elements, and



Vi

ionoluminescence (IL) for qualitative analysis of the luminescent nature. By using a 2
MeV proton beam generated by a 1.7 MV tandem accelerator at Chiang Mai
University. The trace elements of interest are Ti, V, Cr, Fe and Ga which found that the
interrelations of the amounts of pairs among these trace elements contents can indicate
a gem’s origin. The identification can refer to the corundum’s character such as color
appearance, color saturation, color tone, and luster. The method also shows a good
separation of the two main types of geological deposits, basaltic and metamorphic
deposits, which further helps in determining the origin. Analytical technique will
identify and quantify trace elements so that can be able to compare with physically
naked eyes and conventional optical techniques. Moreover, samples used in the
previous study are attempted to find an alternative method for improving their optical
appearance and color enhancement. One of the remarkable results is that the dull white
sapphires become transparentness, cleanness, and luster within a few hours of positive
ion beam treatment. On the other hand, the color appearance changes in either stronger
or weaker in color according to different ion types. In an endeavor to understand the
effects of ion beam treatment, non-destructive ion beam analysis techniques, i.e.,
particle-induced X-ray emission (PIXE), together with conventional gemological
observations such as optical microscope and UV-Vis-NIR spectroscopy, are used to
analyze the gemstones both before and after the treatment. The results will lead to
setting an acceptable gems standard characterization and modification for local

industry.
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