Reports Res. Lab. Asahi Glass Co., Ltd., 530 20030

UDC[ 666.1.035.2

3. Uodouoobtoouooooouooooood
oot bbbgdoogot

Study on Separation Behavior of a Press-Formed Glassware
from a Thermal Engineering Viewpoint
-Correlation of Separation Pressure to the Interface Temperature
in Comparison with Press Forming Method-

OO0 00+ O0od O
Hiroshi Wakatsuki and Isao Satoh

This paper deals with the separation behavior of a press-molded glassware from the
pressing mold surface. Since the separation of the glass from a mold surface affects the
transcription of the glass shape from the mold, it is desirable to control the separation
behavior in the practical press-molding of glassware. In this paper, paying attention to
that the separation or sticking of the glass is mainly influenced by thermal pressing
conditions in practical molding, separation forces during the demolding process between
glass and mold were measured under various pressing conditions. The results showed
that, under the certain conditions, the glass sticks on the pressing surface of the mold
even after the mold is removed from the pressed glass, and that the separation (sticking)
force increases with rising initial temperature of glass and mold, increasing the pressing
pressure, and with elongation of pressing duration. In order to translate the obtained
results, the separation forces were correlated to the interface temperature between glass
and mold at the end of pressing process. The correlation showed that the sticking force
becomes evident when the interface temperature exceeds a certain temperature for whole
experiments. Under the experimental conditions, the threshold temperature was about
6600] ,and is slightly lower than the "softening temperature" of the glass used. In
addition to this results, effects of the interface temperature in the isothermal pressing
method was examined to compare with direct pressing method. The max separation
pressure also increases the interface temperature in the isothermal pressing as same as in
the direct pressing. From these results, it was concluded that the separation behavior of a
press-molded glassware is dominated by the interface temperature between glass and
mold at the end of pressing process.
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Fig. 1 Direct Press forming of glass products.
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Fig. 2 An example of glass stuck on plunger mold.

Formed surface by mold
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Fig. 3 An example of stretched glass due to
demolding.
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Table 1 Conditions of the Plunger Mold.
Diameter (mm) 36 or 40
Thickness (mm) 10
Contents of Coatings (wt %) Ni:70, W:20, Mo10
Thicness of Coatings (U m) 9to 11

Surface Roughness (Ra:u m)

Less than 0.04

Table 2 Chemical Contents in wt% of the CRT Glass

Used in This Study.

SiO, 60%

SrO 10%
BaO,Na,0,K,0 7%(Each)
Ca,Al,Ti,Ce,Sb Less than 1%(Each)

Table 3 Thermal Properties

of Plunger Mold and

Glass Used in This Study.

Plunger
Model Glass
Material SUS420j2 CpPz
(at 500°C) (at 1000°C)
Thermal Conductivity
241 1.97*
(W/mK) o
Specific Heat .
(kJ/(kgK)) 0.461 1.256
Density
(kg/m?) 7730 2799

O Predicted values at room temperature.

Table 4 Experimental Conditions.

Parameter Experimental condition
Initial temperature of
2 plunger mold (O 5500 600
Initial temperature 8000 900
of melted glass ("C) (at 1mm from surface)
Weight of glass (g) 65
Pressing time (sec) 100 50
Pressing pressure (MPa) 0.300.5

V2222272727722

Fixed
Plunger
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Heater

Crucible

Melted glass Position of
Loadcell : Plunger
v+

Laser displacement
sensor

Cylinder

Fig. 4 Schematic diagram showing experimental
system.
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Fig. 5 Viscosity of CPZ glass.
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Fig. 6 Time-dependent temperature of the glass and
plunger mold; pressing time = 30 s, pressing
pressure = 0.5 MPa.
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Fig. 7 Time-dependent forming and separation

pressure; initial temperature of glass = 870°C,

initial mold temperature = 580°C.
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Fig. 8 Effect of pressing time on the maximum
separation pressure ; initial temperature of
glass = 880°C, initial mold temperature =
550°C, forming pressure = 0.5 MPa.
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Fig. 9 Effect of pressing pressure on the maximum
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Fig. 16 Typical results in the isothermal pressing
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Temperature = 650°C.
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