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Abstract For the purpose of improving the durability problem, translucent opal glass was fabricated as a substitute for the
polycarbonate diffuser of LED lighting. Calcium phosphate was used as an opacifier of opal glass and melted in an electric
furnace. The opaque effect was identified according to the change of the cooling procedure. As results, translucent opal glass
was obtained by the melting of a batch with a composition of 3.8% calcium phosphate at 1550 °C for 2 hrs and then the cooling
of the material in the furnace. For the cooling condition of the glass sample, HTCG (High Temperature Cooled Glass) was
found to have better optical properties than LTAG (Low Temperature Annealed Glass). It had excellent optical properties for
a diffuser of LED lighting, with no dazzling from direct light due to its high haze value of over 99% and low parallel
transmittance value of under 1%. For the thermal properties, it had an expressed thermal expansion coefficient of 5.7 x 107/
°C and a softening point of 876 °C; it also had good thermal properties such as good thermal shock resistance and was easy
to apply to the general manufacturing process in the forming of glass tubes and bulbs. Therefore, it is concluded that this
translucent opal glass can be used as a glass diffuser material for LED lighting with high heat resistance and high durability;
this material is suitable as a substitute for polycarbonate diffusers.
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Table 1. Batch composition of Glass.

Main Batch
Raw materials Components Composition Remarks
p (wt. %)
Silica sand SiO, 66.5
Alumina ALO; 32 * Target of
Calcium Glass
carbonate CaCos 46 Composition
Sodium $i0, : 73.0
|fat Nast4 2.0 A1203 3.5
suttate Na,0 : 0.9
Potasium K,COs 199 Ca0 : 5.0
carbonate K,0 : 16.5
Calcium P,Os: 2.0
phosphate Cas(PO4) 3.8 SO; : 1.1
Total 100.0
| Raw Materials |
| Mixing |
| Melting (1550°C) |
(LTAG) [HTCG)
| Forming |

| Annealing (600°C~RT)| | Cooling (1550°C~R.T) |

‘ Glass Samples | | Glass Samples ‘

Fig. 1. Experimental procedure for preparing glass samples.
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Fig. 2. Photographs of LTAG(Low Temperature Annealed Glass)
and HTCG(High Temperature Cooled Glass) glass samples : (a)
LTAG-0.3, (b) LTAG-0.9, (¢) HTCG-0.3 and (d) HTCG-0.9.
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Fig. 3. Cooling temperature curves of LTAG(Low Temperature
Annealed Glass) and HTCG(High Temperature Cooled Glass).
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Table 2. Light Transmittance of glass samples.
Light Transmittance (%)
Sample ..
name Total Ultra Visible Infrared
(UV~IR) rays violet rays rays rays
LTAG-0.3 89.0 73.0 88.0 92.6
LTAG-0.5 89.4 73.5 89.0 92.5
LTAG-0.7 87.2 85.7 91.2 87.2
LTAG-0.9 87.7 61.4 86.1 91.9
HTCG-0.3 70.2 56.7 63.8 77.0
HTCG-0.5 61.3 51.1 54.7 67.9
HTCG-0.7 54.2 44.6 473 61.0
HTCG-0.9 47.9 39.7 423 53.4

(*LTAG-0.3/0.5/0.7/0.9: Low Temperature Annealed Glass-0.3/0.5/
0.7/0.9 mm thickness, HTCG-0.3/0.5/0.7/0.9: High Temperature
Cooled Glass-0.3/0.5/0.7/0.9 mm thickness).
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Table 3. Haze and light diffusing characteristics of glass samples. (unit: %)

Sample name Haze Total Tranmittance Diffuse Transmittance Parallel Transmittance
LTAG-0.3 2.01 89.51 1.80 87.71
LTAG-0.5 1.31 88.84 1.16 87.68
LTAG-0.7 3.10 85.10 2.64 82.46
LTAG-0.9 2.17 85.70 1.86 83.84
HTCG-0.3 91.24 67.93 61.98 5.95
HTCG-0.5 98.86 59.68 59.00 0.68
HTCG-0.7 99.53 53.46 53.21 0.25
HTCG-0.9 99.88 49.40 49.34 0.06

(*LTAG-0.3/0.5/0.7/0.9: Low Temperature Annealed Glass-0.3/0.5/0.7/0.9 mm thickness, HTCG-0.3/0.5/0.7/0.9: High Temperature Cooled

Glass-0.3/0.5/0.7/0.9 mm thickness).
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Fig. 5. Chromaticity of LTAG(Low Temperature Annealed Glass) and HTCG(High Temperature Cooled Glass).
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Glass) : (a) LTAG and (b) HTCG.
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