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Abstract 

Heat treatment effect on the electrical properties of 

various kinds of silica glasses was investigated. The electrical 

conductivitY was greatly changed by the heating at 1000 ·c 

depending on the kinds of glasses and the heating time. Ununiform 

distributions of the local conductivity were observed, suggesting 

that an electrically neutral material was release by the heating 

at 1000 •c and resulted in the decrease of the local 

conductivity. After a sufficient heating, an reversible 

phenomenon took place, in which the electrical conductivity 

increased slowly at about 2oo•c and decreased rapidlY at 1000 •c. 

An explanation was discussed on the basis of an assumption 

the heat treatment effect is due to residual water. 

that 
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1. Introduction 

In general,electrical properties of insulators is strongly 

to the structure and composition. Therefore, the sensitive 

electrical 

means for 

measurement is expected to be one of the effective 

the detection of nice distinctions of structure. We 

investigated the electrical properties of various kinds of si ica 

glasses and it was found that the electrical conductivity was 

greatly changed by heat treatment. 

In the present report, we show experimental results of type 

I I and type I I I si I ica glasses and discuss an explanation on the 

basis of an assumption that the heat treatment effect is due to 

residual water in the silica glasses. 

2. Experimental Procedure 

Table shows manufacturing methods of the silica glasses 

measured. The silica glasses contained from 1 ppm to 1000 PPm 

water in the order of magnitude. In this report we will mainly 

deal with the No. and No.2 glasses and name them for short the 

SICL4-FLAME glass and the QUARTZ-FLAME glass, respectivelY. 

A sample for the electrical measurement was a plate of about 

2 mm thick. The experimental procedures were as follows: 

(1) A sample was quenched after heated at 1000 oc in air and the 

change of the electrical conductivity was measured. 

(2) In order to examine the distribution of the local 

conductivity, both surfaces of the quenched sample was ground 

gradually and the relation between the electrical conductivity 
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and the thickness of the sample was measured. 

(3) The quenched sample was kept at about 200 •c and the change 

of the electrical conductivity with time was examined. 

3. Experimental results 

3.1 Change of electrical conductivity by the heating at 1000 •c 

In Fig. 1 two sol id I ines show the relations between the 

electrical conductivity and the heating time at 1000 •c in 

SICL4-FLAME glass and the QUARTZ-FLAME glass, respectivelY. 

electrical conductivity is expressed by a value relative to 

the 

The 

that 

of an original sample never heated (the relative conductivity). 

When an original sample of the SICL4-FLAME glass was heated 

at 1 000 ° c for only 0.3 hours and quenched, the electrical 

conductivity decreased to one order of magnitude smaller that its 

original value. As the heating time increased further, 

electrical 

100 hours 

conductivity decreased monotonously. After more 

the 

than 

i t decreased to almost 3 order in magnitude much 

smaller than its original value. 

In the QUARTZ-FLAME glass the electrical conductivity 

increased slowly up to about 100 hours, then decreased. 

3.2 Distribution of local conductivity. 

In order to examine whether the change of the electrical 

conductivity mentioned in the previous section was uniform or 

not, both surfaces of the quenched sample were ground gradually 
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and the relation between the electrical conductivity and the 

thickness of the sample was measured. In Fig.2 the results of the 

SICL4-FLAME glass and the QUARTZ-FLAME glass are shown. 

In the SICL4-FLAME glass (solid lines in the figure) the 

electrical conductivity of a sample which heated at 1000 •c for 

only 0.3 hours was one order in magnitude smaller than its 

original value. When both surfaces of the sample were ground 

slightly, the electrical conductivity recovered approximately to 

its original value. This indicates that the local conductivity 

near the surface was greatly decreased by the heating at 1000 •c. 

As the sample was heated further, the local conductivity 

decreased and became uniform as indicated by the other solid 

I i nes in the figure. Such a ununiform decrease of the local 

conductivity suggests that the surface took part in the decrease 

of the local conductivity. The most plausible explanation is that 

an material, which is electrically neutral, was released through 

the surface by the heating at 1000 •c and resulted 1n the 

decrease of the local conductivity. 

In the QUARTZ-FLAME glass (dotted I ines) the change of the 

local conductivity was more complicated than that in the SICL4-

FLAME glass. As is clear from the figure the local conductivity 

generally increased up to about 100 hours, then decreased. In 

addition, ununiform distributions of the local conductivity were 

observed in the same manner as the SICL4-FLAME glass. 

The ununiform distributions of the local conductivity were 

observed in all the si I ica glasses measured. 
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3.3 A reversible Phenomenon 

An example of the results of the third experiment mentioned 

in chapter 2 is shown in Fis.3. When a sample of the SICL4-FLAME 

glass, which had been heated at 1000 •c for 100 hours and 

quenched, was kept at about 200 •c, the electrical conductivity 

increased slowly with time as shown by the solid line in the 

figure. The final value was more than 20 times as large as the 

initial value. When the sample, whose electrical conductivitY had 

increased at about 200 •c, was heated again at 1000 •c for only 

few minutes and quenched, the electrical conductivity recovered 

to the initial value. When the samPle was kept at about 2oo•c 

once more, the electrical conductivity increased again. This 

reversible phenomenon was observed in al the silica glasses 

measured. In Fig. 1 black points show the final values of the 

samples kept at about 200 •c. 

The change of the local conductivity with the reversible 

phenomenon was examined in the same way as that mentioned in 

section 3 2. The results are shown schematicaiiY in Fig.4. So I id 

lines shows the distributions of the local conductivity of the 

samples which were qu&nched after the heating at 1000 •c. When 

the samples were kept at about 200 •c, the local conductivity 

increased to values as indicated by dotted ines in the 

As is clear from the figure, the reversible phenomenon took place 

where the local conductivity had been decreased by the heating at 

1 000 ° c. 

3.4 Infrared spectra 
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In section 2.2 it was suggested that an electrically neutral 

material was released by the heating at 1000 •c and resulted in 

the decrease of the local conductivitY. The SICL4-FLAME glass and 

the QUARTZ-FLAME glass contained water about 1000 ppm and 100 

ppm, respectively. Fig.5 shows the infrared spectra, in which 

peaks at about 2.7 microns are due to water 1). As is clear from 

the figure, water decreased by the heating at 1000 •c in air. 

4. Discussions 

The experimental results shown in the previous chapter 

that the change of electrical properties is due to suggest 

residual water in the samPle. On the basis of the suggestion we 

will discuss a model to explain the experimental results. 

The basic assumptions are as follows: 

(1) Electrical charge carriers are protons supplied by 

water
2

' •
3

' 

residual 

(2) Water is released by the heating at 1000 •c. This has been 

confirmed from the infrared spectra as shown in Fig.5. 

(3) Water in si I lea glasses exists not only as OH group but also 

H20 molecule. 

(4) The source of carrier supply is OH group. Therefore, if the 

amount of OH group increases and decreases, 

conductivity does the same. 

the electrical 

(5) A reversible reaction as shown in Fig.6 takes place where 

water has been decreased by the heating at 1000 •c. In the figure 
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a H20 molecule changes to a pair of OH groups at 200 •c and the 

inverse reaction takes place at 1000 •c. This reaction causes 

the reversible phenomenon mentioned in section 3.3 through the 

change of the amount of OH group. 

The experimental results of the SICL4-FLAME glass can be 

explained generally by the above assumptions as shown in Fig.7. 

On the other hand, the changes of the electrical conductivity of 

the other si I ica glasses were more complicated than that of the 

SlCL4-FLAME glass. For example, the electrical 

the QUARTZ-FLAME glass increased at first, 

conductivity of 

then decreased. 

Furthermore, in the case of the No.4 glass in table I, the 

electrical conductivity changed in 3 steps; rapid increase, slow 

increase and ununiform decrease. These facts suggest that the 

state of water in silica glasses is very complicated. More 

detailed investigations are required to elucidate the problem. 

5. Conclusions 

The heat treatment effects on the electrical properties in 

various kinds of· silica glasses were 

following results were obtained. 

investigated and 

( 1 ) When a type I I I si I ica glass, which was synthesized 

in a f I a me, was heated at 1000 •c and quenched, 

the 

from 

the 

electrical conductivity decreased with the heating time to almost 

3 order in magnitude much smaller than its original value. 

(2) The changes of the electrical conductivity in the other 

silica glasses were more complicated. In a type 11 si ica glass, 

which was prepared by fusion of quartz crystal in a f I a me, the 
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electrical conductivity increased at first, then decreased. 

(3) U nun i f o r m d i s t .r i b u t i on s of the local conductivity were 

observed, 

released 

suggesting that an electricallY neutral material was 

from inside to outside by the heating at 1000 •c and 

resulted in the decrease of the electrical conductivity. 

(4) An reversible Phenomenon took place where the local 

conductivity had been decreased by the heating at 1000 •c, in 

which the local conductivity increased slowly at a temperature 

about 200 •c and decreased rapidly at 1000 •c. 

(5) According to the infrared spectra water was decreased by the 

heating at 1000 •c. 

(6) To explain the experimental results a model was discussed 

on an assumption that the electrical conductivity is protonic 

conduction due to residual water. 
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Table 1. 

Manufacturing methods of silica glasses measured. No. 1 and 

No. 2 glasses are named for short the SICL4-FLAME glass and the 

QUARTZ-FLAME glass, respectively. 

No. MATERIAL TREATMENT 

1. SiC14 SYNTHESIS IN A FLAME 

2. QUARTZ FUSION IN A FLAME 

3. QUARTZ ELECTRIC MELTtNG 

4. CRISTOBALITE HEATING IN VACUUM 

5. CRJSTOBALITE FUSION IN A FLAME 
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Fig. 1 

Relation between electrical conductivity and the heating time 

at 1000 °C in the SICL4-FLAME glass (electrical conductivity was 

measured at 180 °C} and the QUARTZ-FLAME glass (130 °C}. 

Electrical conductivity is expressed by value relative to that of an 

original sample never heated (relative conductivity). Solid lines 

show electrical conductivities of the quenched samples. When the 

quenched samples were kept at about 200 °C, electrical 

conductivity decreased as indicated by arrows. 
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Fig. 2 

Relation between relative conductivity and thickness of 

samples which were heated at 1000 °C and quenched. Solid and 

dotted lines are those of the SICL4-FLAME glass and the QUARTZ

FLAME glass, respectively. 
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Fig. 3 

Reversible phenomenon in the SICL4-FLAME glass. Electrical 

conductivity of the quenched sample increased with time at about 

200 °C as the solid line. When the sample was heated again at 

1000 °C for only few minutes and quenched, electrical 

conductivity decreased as indicated by arrow. 
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Fig. 4 

Schematic diagram of distribution of local conductivity in the 

SICL4-FLAME glass and the QUARTZ-FLAME glass. When samples 

were heated at 1000 °C and quenched, local conductivities changed 

with heating time as shown by solid lines. When the quenched 

samples were kept at about 200 °C, local conductivities increased 

to values as shown by dotted lines. 
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Fig. 5 

Infrared spectra of the SICL4-FLAME glass and the QUARTZ

FLAME glass. Peaks at about 2.7 microns are due to water. Solid 

lines are spectra of original samples. When samples were heated 

at 1000 °C, water decreased as indicated by dotted lines. 
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A reversible reaction which takes place where water has been 

decreased by the heating at 1000 oc. As amount of OH group 

increases and decreases, the electrical conductivity does the 
sam-e. 
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Fig. 7 

An explanation of 

heat-treatment effect in the 

SICL4-FLAME glass. (A); (A) 1000 oc 
In initial stage of the OH OH OH OH OH OH OH OH HoO 

OH OH OH OH OH OH OH OH 

heating at 1000 oc, OH OH OH OH OH OH OH OH -@ 
OH OH OH OH OH OH OH 

groups near surfaces OH OH OH OH OK 011 --e lioO 
OH 011 OH OH OH OH 

change to H20 molecules, OH OH OH OH OH OH ---@ 
OH OH OH OH OH OH 

which migrate inside the OH OH OH OH OH OH OH OH HtO 

sample and escape from 
OH OH OH OH OH OH OH OH 

OH OH OH OH OH OH OH --@> 
surfaces. (B); After a OH OH OH OH OH OH OH 

sufficient heating the total 

~ amount of water has (B) 

decreased and H20 e OH OH e e OH OH 

molecules have been e e OH e OH 
formed. When the sample e e OH OH OH 

was quenched, this state is OH OH OH 

Electrical 9 OH @) 
frozen. OH 

conductivity is smaller than OH e OH Sg~ e OH OH 

its original value, since e e OH e e OH 
OH OH 

amount of OH group has 
200 oc t t 1000 decreased. (C); When the 

(c) 
oc 

quenched samples are kept e OH OH OH OH. 

at about 200 oc, H20 OH OH OH OH 

molecules change slowly to 
OH OH e OH OH 

OH groups. As amount of OH OH OH OH OH 
OH OH OH OH OH 

OH group increases, OH OH e OH OH 
OH OH OH OH 

electrical conductivity does OH e OH OH 
OH OH OH 

the same. When the OH OH OH e OH 
OH OH OH OH 

sample is heated again at 

1000 °C, change from (C) 

to (B) takes place rapidly. 

This change is reversible. 




