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On the Measurement of the Flow Point of Glass
by Tetur’ IzumrTan and Yosird MoRriva

ABSTRACT

The flow point, #=10% poises, that is one of the reference points for the viscosity in

the working temperature range of glass. It was measured with the apparatus proposed by
1. R. Lillie. As this was the method that indicated the time required for the test glass fiber,
about 0.6 mm in diameter, 1o flow down when it was locally heated under the specified

condition, the relation hetween the observed time and the temperalure al which viscosity

was 105 poises had to be clarified. 1t was checked from the viscosity-temperature relation
determined by using a counterbalanced sphere method. On the other hand, the phenomenan
which the fiber flows down was considered to ocenr owing to the unbalance of the visenus
flow and the surface tension, so the contact angle between the test sample (0,5 cm cubic) and
the platinum plate was measured. The following results were obtained.

1. This method can be applied in determining the flow point of borate type glasses as
well as silicate 1ype glasses.

2, Examining the relaiion between the viscosity and the surface tension of the glasses
near the viscosity of 10% poises, the temperature at which the sample flows down corres-
ponds (o the temperature at which the elongation due to the viscous flow is compensated
by the contraction due to the surface wnsion and the viscosity under that stale is about

105 poises.

3. The temperature at which the contact angle becomes maximum, in which state viscous
flow and surface tension are balanced too, coincides with the temperature at which the
viscosity is equal to 10° poises. Consequently the flow point is determined easily by the

measurement of the contact angle between glass and platinum plate.
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Fig. 1a Schematic diagram of the elements of
the flow point apparatus:
(1) voltage stabilizer,
(2} frequency counler,
{3) amplificr,
(4) heater.

Fig. 1h Sketch of heater :
{a) supporting plate,
(b} platinum~-rhodium heating coil,
{c) sample,
(d} plastic tlag,
{e} incandescent lamp,
(1) photo—cell.
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Fig. 2b Simplified behavior of glass when
it flows down,
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Table 1 Relation between d, { and m ta
balance
Sample F 2

d (cm) | 0.0644 0.0664 0.0575 0.0779 0.0755
I (cm) |1.88 1.82 2,10 .55  1.60

m (gr)y |0.0230 0.0236 0.0206 0.0274 0.0266
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Table 2 Relation between s, p and {

Sample 5 (dyne/em]  p [gr/em?®] { Cem]

F2 221 3.73 0.121/d
BK 7 263 2,47 0.127/d
SK 4 315 3.75 0.171/d
BaF 10 302 3.84 0.160/d
BCL 7 258 4.47 0.118/d
BCL 8 260 4,37 0.121/d
BCL 151 285 4.9 0.118/d
L 102 222 4.91 0.002/d
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Fig. 3 Relation hctween cane diameter and
time required for the sample to flow
down: (1) SK 4(2) BK 7 (3) BaF 10
(4) L. 102 (5) BCL 7 (6) F2 (7) BCL 8
(8) BCL 151
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Tuhle 3 The time required for the 0.6 mm in
diameter sample to flow down.

time (sec)

Sample time (zec} | Sample

F2 9.30 , BCL7 9.38
BK 7 12.47 i BCL 8 8.67
SK 4 13.31 | BCL 151 862
BaF 10 10,97 L 102 10.32
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Fig. 5 Viscosity-Temperature relation of
optical glasses ;
(1) BK 7(2F2(3) SK4(4) BaF 10
(5) L 102 (6) BCL 7 (7) BCL 151
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Tahle 4 Temperature corresponding to
viscosity of 10° paises,

Temperature corresponding to

Sample viscosity of 105 poises (C)
SK 4 851
BK 7 845
BaF 10 820
L102 77
BCL 7 70
F2 746
BCL 8 710

BCL 151 708
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Fig. 6 The flow point calibration curve;
(1) SK 4 (2) BK 7 (3) BaF 10
(4) 1. 102 (5) BCL 7 (6) F 2
(7 BCL 8 (8) BCL 151
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Fig. 7 Apparatus for contact angle
measurement
(a) lamp (b) angle read telescope
(¢) sample (d) platinum plate
(e) isolite plate (f) electric furnace
() mica window.
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Table & Temperature at which contact
angle becomes maximum

. | Temp. (°C) from | Temp. (*C) {rom
Sample contact angle viscosity curve
Bal 10 820 820
F2 741 746
BCL 8 713 708
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