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Surface Leakage Resistance of Glasses
By

Toru KISHII
(Lamp and Tube Manufacturing Dept., Tokyo Shibaura Electric Co., Ltd., Kawasaki City)

Abstract

Glass rods for lamp and tube of about 4mm in diameter were provided with two
electrodes at the distance of 30~40 mm, and the apparent resistance, which is equivalent to
the combination of volume and surface resistance connected pararell, were measured by the
method of filament electrometer or direct deflection.

In the first series of the experiment the specimens were washed by loundry soap and
city water. In the season of high humidity (summer) the apparent resistance has changed
after the preparation of the specimens showing a clear corelation with relative humidity.
After half a year, and in the season of low humidity (winter) some glasses showed compa-
ratively high surface resistance, keeping the apparent resistance at a constant level, being
very near to the volume resestance. In the glasses of higher volume resistance, however,
the change of surface resistance due to the change of humidity was clearly observed. After
a year a lot of specimens gave the apparent resistance of as high as 10~100 times under
the same atmospheric conditions.

In the second series of the experiments the apparent resistance of the fresh specimen
was compared with those aged a year and those treated with dilute hydrofluoric acid. It was
observed that the apparent resistances of above three kinds of the specimens showed the
similar trend of the change with the atmospheric conditions, and the initially quite different
of numerical values came up to one and the same value with the laps of time.

In the last series of experiments the apparent resistance of the specimens washed with,
acid, alkali and salts was measured in the cell, to which, after evacuation, water vapour
was introduced up to a certain saturation pressure. It was confirmed that the characteristic
properties of apparent resistance vs. vapour pressure varied remarkably with the method of
surface treatment.

[Received March 14, 1962]
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: electrodes formed from nickel
wire and electric conducting
paint baked on,

: electrodes formed from thin
brass plates,

: Sample holder,

: Glass rods (=4 mm $).

Fig. 1 Electrode assembly of glass samples
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Fig. 2. Relation between temperature and volume
resistivity of various glasses
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R : resistance to be measured, E: electrometer,
V1 : electric source (dry batteries, voltage v;=6 V),
V, : electric source (dry batteries, voltage v,=60V),
C : distribution capacity (=10 pF),
Cy,C, : distribution capacity (C,+C,=10 pF).
Fig. 3. Methods for measuring electrical resistance of
glass samples using filament electrometer.
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Table 1. Composition (wt%) of glasses

Terex w- P- B~
SiO,; 80 72 56 67
B.O; 13 15 — —
PbO — 6 30 —
CaO — — - 7
MgO — -— — 4
ALO; 2.5 2 1 3
Na,O 4 4 5 17
KO 0.5 1 8 2
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Table 2. Specification of glass specimens

Hard glasses

X-glass Soda-borosilicate glass for bulbs and pressed wares
(R,0=5%, a¢=38)

H-glass Soda-borosilicate glass for lamp bulbs (R, O0=5%, o
=38)

K-glass Kovar sealing boro-silicate glass containing consid-
erable amounts of RO and ALO; (R,0=6%, o =48)

M-glass Molybdenum sealing boro-silicate glass (B,0;=26%,
R,0=6%, a=48)

G-glass Boro-silicate glass for germicidal lamp bulbs (RO=
1%, B;O;=21%, R,O=7%, a=50)

Soft glasses

I-glass Lead glass for canes of incandescent lamps (PbO=
23%, Na,0=12%, o =98)

E-glass Barium-lead-potash-soda glass for stems of receiving
tubes (R;0=13%, PbO=23%, a=99)

D-glass Barium-potash-soda glass for kinescope bulbs(R,O3=
6%, o0=97)

F-glass Lead-soda-lime-magnesia glass for bulbs of fluores-
cent lamps (RO=9%, PbO=2%, a=103)
Composition : wt%, o : thermal expansion coefficient
between 100° and 300°C (10-7/°C).
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Fig. 4. Change of apparent resistance of glass samples
with atmospheric condition during the period
from June to July 1960. White circles show that
resistance was lower than limit of measurement.
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Fig. 5. Relation between relative humidity and apparent
resistance of glass samples. Fig. 5 was derived
from Fig. 4.
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Fig. 6. Relation between water vapour pressure and
apparent resistance of glass samples. Figure 6
was derived from figure 4. Shaded areas show
that resistance was lower than limit of measure-
ment.
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Fig. 7. Relation between relative humidity and resistance
of glass samples during the period from June to
July 1960. Samples were prepared in June 1960,

White circle: same as Fig. 4.
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Fig. 11. Relation between water vapour pressure and

resistance of glass samples during the period
from April to May 1961. Samples were prepared
in June 1960.
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Fig. 12. Comparison of apparent resistance of glass sam-
ples newly (in July 1961; abscissa) and formerly
(in June 1960 ; ordinate) prepared. Resistance
was measured in July 1961 under atmospheric
condition of 33°C, 56% relative humidity. Dotted
lines : limits of measurements.
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Change of apparent resistance of glass samples
by various treatments. Abscissa : 1; immediately
after washing (with soap) and drying, 2; then
wiped with absorbent cotton, 3; then washed
with dilute hydrofluoric acid and rinsed with
city water, 4; resistance of glass samples pre-
pared about one year ago. Resistance was mea-
sured in July 1961 under atmospheric condition
of 35°C, 55% relative humidity. Whlte circles :
same as Fig. 4.
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Fig. 11. Relation between water vapour pressure and
resistance of glass samples during the period
from April to May 1961. Samples were prepared
in June 1960.
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Fig. 12. Comparison of apparent resistance of glass sam-
ples newly (in July 1961; abscissa) and formerly
(in June 1960 ; ordinate) prepared. Resistance
was measured in July 1961 under atmospheric
condition of 33°C, 56% relative humidity. Dotted
lines : limits of measurements.
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Fig. 13. Change of apparent resistance of glass samples
by various treatments. Abscissa : 1; immediately
after washing (with soap) and drying, 2; then
wiped with absorbent cotton, 3; then washed
with dilute hydrofluoric acid and rinsed with
city water, 4; resistance of glass samples pre-
pared about one year ago. Resistance was mea-
sured in July 1961 under atmospheric condition
of 35°C, 55% relative humidity. White circles :
same as Fig. 4.
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Fig. 14. Change of resistance of glass samples with
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