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A Study on the Thermal Properties of Glass for Effective Salvage Process
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Abstract

The CRT(Cathode-ray Tube) of salvage is a process of separating the panel and funnel to recycle a
cathode-ray tube. In this paper, the thermal properties of glass for CRT were studied to improve its recycling
ratio. In the salvage process, several patterns of breakage, as called ‘corner pull’, were easily generated on the
sealing surface of panel or funnel glass due to the residual tensile stress, which had correlations with some
parameters of the manufacturing process of CRT and the initial material properties of glass. Finite element
analyses and experimental approaches on the frit sealing process were carried out to obtain the major
characteristic of glass related to the residual stress. From this study, it was identified that the thermal
expansion coefficient of glass had much influence on the residual stress of panel glass after frit sealing
process. Therefore, the optimal conditions of thermal properties for CRT glass were proposed to achieve an
effective salvage process. By using these optimal conditions, the size of corner pull on the panel and funnel
glass was reduced to 10% level compared with the original size, and the recycling ratio of CRT was increased

in the salvage process.
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Fig. 1 Schematic diagram of the components of FCT
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Fig. 2 Salvage processes; (a) etching process (b) hot
water injection process, and (c) cold water
injection process
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Fig. 3 Schematic diagram of stress direction at estimated
points; (a) after etching, (b) after cold water
injection, and (c) after hot water injection process
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(a) Photography of corner pull

a direction of crack

(b) Failure mechanism
Fig. 4 Mechanism of Corner pull failure
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Fig. 6 Two dimensional finite element model
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Fig. 7 General shape of frit sealing part

Table 1 Temperature conditions for frit sealing process

Zone Range (C) ’ A;;;na;]:::l?rgt
Heating | 25~4107C 7.4°C /min.
Softening | 410~440°C 2.7°C/min.
 Holding | at440C | 25min.
Cooling-1  440~350C -4.1°C/min.
Cooling2 | 35025C |  -4.0T/min.
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Table 2 Thermal properties of panel and funnel glass

Coeff. of thermal Coeff. of tbe'rmal
Maker expansion(1/C) conductivity
(W/m'K)
A P | 1.118e-05 | P 0.981
F | 1.06le-05 | F 0.920
B P } 1.094e-05 | P | 1330 3
F | 1.087e-05 | F | 1.254
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(a) Panel and funnel of ‘A’ maker

(b) Panel and funnel of ‘B’ maker
Fig. 8 Principal stress of panel and funnel of two
makers after frit sealing process (unit:Pa)

Table 3 Experimental results of the recycling ratio and
analytical results of maximum tensile stress

Recycling ratio Max. tensile

M?ker (%) stress (MPa)
A 30 16.15
B 75 i 8.83
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Table 4 Comparison the tensile stress of ‘A’ maker
model with that of modified model

Thermal .
.. Tensile stress

Model conductivity (MPa)
(W/m-K)
P 0.981

A’ maker F 0.920 16.15

i P 1.

Modified 330 16.11

model F 1.254
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Table § Comparison of tensile stresses

Case [ Max. tensile stress (MPa)
* Case 1, P(B)+F(B) | 8.83
Case 2; P(B)+F(A) 10.31
~ Case 3; P(A)+F(B) 14.46
Case 4; P(A)+F(A) 16.15
Table 6 Comparison of residual stresses in four cases

A Coeff. of “T ile st
(a) Casel Panel | Funnel thermal en(slxweps)ress
expansion(1/C) a
A
. -05 .
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