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~ABSTRACT

Glasses with high water content were prepa;ed-by a hydrothermal process
and various'properties were measured. The following unique features have
been revealed. |

1.) Electrical conductivity decreases substantially at first with the
addition of water and then increases with the fufther addition of water. The
fhenomenon is somewhat similar to the mixed alkali effect.

2.) The glass with high water content is radiation coloration resistant.

3.) With the addition of water, glasses became tougher at room tempera-

ture, suggesting the occurence of plastic deformation.
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I. INTRODUCTION
This research program was started on June 15, 1979 .and the first pro-

gress report covering the activity up to the end of February 1980 was sub-

mitted last year. In the present report, the subsequent research activity

on ‘glasses containing a large amount of water is described.

II. Sample Preparation

Sodium silicate glasses with the composition Na20°35i02 were chosen at
first because fairly extensive meagurements,haQe previously been made on this
glass. .The "dry'" glass was prepared at l450°C in air by melting a-;Na2C03+Si02
mixture in a Pt crucible. A powder of this glass was sealed with various
amounts qf’water in Pt tubes of Smﬁ 0.D. and heated and pressurized in the

hydrothermal equipment to obtain homogeneous_gldsses containing up tol2 wt%

water.

Other compositions in the Na20-A1203-Si02 and NaZO-BZO3 systems were also

prepared to see the effect of the composition modification on properties.

In the hydrothermal method, the size of the specimen is limited. 1In

future practical applications, a larger specimen would be desired. Thus a

preliminary investigation was made Lo prepare a large spccimen with high
water content by heat-treating a commercial soda-lime glass in wet atmosphere
above the glass transition temperature.
iII. Results and Discussion

Several properties of NaZO-SSiOZ glasses containing a large amount of
wateflwere measured. ihe properties investigated include thermal stability,
density, I.R. transmission characteristics, electrical conductivity, dielectric

constant, Na diffusion, radiation coloration, hardness, fracture toughness and



chemical durability. Among them, the following characteristics are parti-
cularly unique and deserve careful evaluation.

1. Electrical Conductivity

Difficulties associated with the small size of the spec1men.was over-
come by reducing the thlckness of the spec1men and devising a new method of
electrode application. An eveporated electrodes were applied on the specimen
partly covered by a thin specially prepared washer which is secured by a
magnet placed under the specimen. The validity of the method was confirmed
using a small specimen of dry glass with known characteristics.

Both a.c. and d.c. electrical characterisitics were determined as a func-
tion of water content. A preliminary result showing the large decrease in
d.c. conductivity with addition of water was reported in J. Am. Ceram. Soc.
and is attached as Appendix I. Subsequently, a complete composition range
was investigated and the results shown in Figs. 1-4 were obtained. The ini-

tial sharp decrease in d.c. conductivity with increasing water is accompanied

by the increase in activation energy and pre-exponential factor, in the same

way as in mixed alkali glasses.' With the further increase of water, however,
the conductivity starts to increase while the activation energy remains
nearly constant. Thus the conductivity increase is attributed to the increase
of the prexponential factor. This is quite different from the phenomenon
_Qommonly observed in mixed alkali glasses and the large amount of molecular
water present in the glass appears respon51b1e. Currently the correlation
between the electrical characteristic and the amount of various types of
water (molecular water, free hydroxyl and hydrogen-bonded hydroxyl) is being

sought. The dielectric constant also seems to correlate with the d.c.
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conductivity (cf. Fig; 4(A), (B))-

Aé.' Radiation Coloration

Glasses .with various amounts of water were subjected to y-ray radiation
of 106 rad and the resultant coloration was investigated. Glasses containing
high water (> ~1 wt%) remained transparent while the dry glass counterpart
-.became dark. The results are summarized in a note, attached to this report
as Appendix II, which will be published in J. Am. Ceram. Soc. This observa-
tion suggests, that glasses containing a large amount of water may be useful
as radiation shield windows. Currently the mechanisms of this radiation
coloration résistance is beipg investigated.

3. Mechanical Strength

Since specimen size is limited, the fracture toughness was measured
using theAVickers indentation method. This involves the measurement of the
crack which initiated from the corner of the indent. The preliminary results
indicate that as the water content increases, the crack initiation becomes
difficult, while Hardness decreases. This phenomenon was probably caused by

the plastic deformation. -This is likely since, in crystalline SiO_, as water

2
content increases, the mimimum temperature at which plastic deformation takes

place becoiies lower,
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Figure 1: d.c. conductivity of Na‘O'SSi02°nH 0 glasses at 60°C as a -
: . 2
function of water content.
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Figure 2: Activation energy of d.c. conduction for Na
a function of water content. ,
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Figure 3: Pre exponent1a1 factor of d.c. conductivity of Na o- 3810
as a function of water content.
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Figure 4(A): Dielectric constants of Na20 38102 nH20 glasses as a function
o of water constant.
o QS:‘ static dielectric constant. €_: High frequency dielectric
. ‘ : . constant.
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Figure 4(B): "Dielectric strength Ac of Na,0+35i0,:nH,0 as a function of water
content.Ae = €€ :
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Abstract

Radiation coloration resistant glasses were prepared by incorporating

a large amount of water into dry glasses under hydrothermal conditions. After

Y -ray irradiation -of 106rad, the glasses remained transparent.




- Most giasseS“turn brown or black when subjected ‘to X-rays or y-rays. There

(1-8

are, several indications ')”that dissolved water in glass may influence radia-
tion coloring. In these previous investigations, however, the water content of
the glass was comparatively low, usually in the range of a few ppm to a few hun-:

dred ppm. Therefore, the actual effect of water can be obscured by slight changes

in other components.

y

20 in theApre—

sent research, a large quantity of water (2~10 wt%) was incorporated into NaZO'

In order to unequivocally evaluate the effects of dissolved H

35i02 and NaZO-A1203—8i02 glasses by a hydrothermal pressure method, and their

coloration by Y-ray radiation wés compared with that of the corresponding dry
glasses. -

The details of the sample preparation and the determination of high water
concentratioﬁs were described previously by Takata et alg). However, in the
present éxperiment the melting time at‘800°C and 200 MPa (2kbar) wasAextended
to 24 h in order to ensure uniform distribution of water in the glass.

Samples with-dimensions of 3mmX9mmX.5mm‘were irradiatéd at room temperature
with a 60Co y-source to a total dose of 1X106rad. In contrast to the sevefe
darkening 6f dry glasses in this y flux, the.élasses'containing water remained
transparent. One example is sthn in fig. 1;_in which a NaZO-SSiOZ,glass speci-
" men containing 2.2 wt% water is compared'With dry glass which was found to con-
taiﬁ ~0.05 wt% HZO’ The transmission spectra of these glasses in the visible.and
u.v. range were obtained before'and'lo‘days after irradiation using an American
Instrument Co. DW-2 UV-VIS Speét:ophotometer and are shown in fig. 2 and fig.'3.

It is clear from figures 2 and 3 that the transmission of the dry glass decreases



considerably by y-ray irradiation while-that of the glass containing aAlargé
amount of water remains practically unchanged. The difference is most likely
due to water in the glass. The high'pressuré employed in the preparation of
glasses with high Qater contents cénnot be respohsible»since the high pressures

. (10)

‘are known‘to increase the abso;ption rather than decrease it. It is known
that fhe transmission characteristics change with the time during and immed-
iately aftef irradiation. - In the present experiment, the transmission charac-
.;eristics, which appear to bé.s;eady state, were measured approximately 10 days
after irradiafion dﬁring whichAfime the specimens were kept in'a desiccator at
room temperéture and in the dark.

At present, the exact mechanism by which wafer sﬁppresses the radiation
colorating 1is not clear. It is possible that a mechanism similar to that proﬁosed
by Faile and ROy(ll) for SiO2 glass impregnated with H2 is applicable here.
Namely, water in glass may be cdmbining with';olor centers, producing colorless

Si-OH. The details of the phenomenon are under investigation.
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" Figure Captions

Figure 1:

Figure 2:

Figure 3:

Dry Na,0°35i0, and Na 0"35i02 +2.2 wt% H

5 2 0 10 days after irradia-

2

tion with 1X106 rad y-ray at room temperature. Thickness of specimens

is abproximately 0.5 mm.
% Trénsmigsiop vs,‘Waveiength: Dry'NaZO-SSiO2 before'and 10 days after
.irradiafion. Thickness of the specimen; is appréximately 0.5 mm.

% Transmigsion vs. Wavelength: Na

20‘38192 + 2.; wt% H20 befo?e and

10 days after irradiation. Thickness of the specimens is approximately

0.5 mm.
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