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ABSTRACT

This research work described the fabrication process and physical-property
analysis of lead-free high refractive index glass. Prior to the glass fabrication, physical
structures and compositions of local and imported quartz sand samples were
examined. The starting materials comprising of high purity quartz sands from local
sites, sodium carbonate, potassium carbonate, calcium carbonate, aluminum oxide,
magnesium oxide, zinc oxide, boric oxide, and barium compounds were used for
preparation of lead-free glass samples. For comparison, lead-free glass samples based
on foreign quartz sands and lead glass were prepared in parallel under the same
conditions. Other heavy elements, such as, titanium, zircon and bismuth were also
added to produce lead-free glass samples. Some lead-free glass samples were
prepared using various kinds of local raw materials, such as, dolomite, feldspar, and

limestone, which are the sources of calcium, magnesium and aluminum. These raw



Vi

materials were mixed and melted in a ceramic crucible, in a normal atmosphere, at a
temperature between 1200 to 1350 °C with dwelling time of 4 to 8 hours using an
electric furnace. In colored glass preparation, prior to melting, colorants, such as,
cobalt oxide, copper oxide, chromium oxide, copper oxide and iron oxide, iron oxide
and gold metal were added for dark blue, light blue, light green, dark green, amber
and red, respectively. Furthermore, colorless glass samples were doped with gold and
selenium, and cadmium sulfide and selenium to prepare red-colored glass. Properties
of these glass samples were compared with those of the Ancient Thai Glass and lead
glass samples. The glass samples were prepared both in the laboratory and in larger
scales to fabricate decorative glasses. Jewelry glass samples were produced and their
properties have been determined to compare with those imported from foreign
countries. The radiation shielding glass samples based on lead-free glass were also
fabricated and compared with the lead-containing ones.

Glass specimens prepared from these experiments were transparent and free of
bubbles. The specimens were polished down to a mirror finish prior to the refractive
index (RI) measurement using a refractometer. Other physical properties of the glass
specimens, such as, density, hardness, and thermal expansion were analyzed using the
Archimedean buoyancy method, a microhardness tester, and a dilatometer,
respectively. Absorption spectra of the glass samples were recorded using a UV-VIS-
NIR spectrophotometer. Phase identification was carried out using an X-ray
diffractometer (XRD). The glass compositions were analyzed by using a Proton
Induced X-ray Emission analyzer (PIXE). A scanning electron microscope (SEM)
was used for investigation of the structure of not only the quartz sands but also the

interfacial silver-coating layer of glass mirrors.
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Results from this study showed that the local quartz sand samples contained
more than 95 wt% of silica and small amounts of Fe, Al, Ca, Mg, Na and K. The
concentrations of these components in the samples conform to international standards
for glass production. Refractive indices of barium-based glass samples prepared from
local quartz sands of various sites were comparable and very close to those
composing of imported sands. These RI values of the glass samples based on 50 wt%
quartz sands from Chumphon and 30 wt% barium carbonate were found to increase
from 1.530 to 1.654 as the barium contents increased from 20 to 40 wt%, respectively.
However, the RI, density and expansion coefficient of the lead-free glass were lower
than those of the lead glass except for the hardness of the barium glass that was
slightly higher than that of the lead glass. Diffraction patterns of the prepared glass
samples prepared from barium and/or titanium, zirconium, bismuth yielded an
amorphous state. The presences of Ba, Si, and colorants were detected and confirmed.
For colored glasses, the UV-Vis absorption spectra showed that dark-blue glass
absorbed almost totally in the 500-700 nm region, whereas red-colored glass partly
absorbed in the same region. The red-colored lead-free glass samples were fabricated
successfully using either gold and selenium, or cadmium sulfide and selenium as
colorants. Lead-free glass samples prepared from this study were also applied as

jewelry glass and in radiation protection with satisfactory results.
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