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EPFECTS OF COMPOSITION, PRESSURE, AND TEMPERATURE ON
THE ELASTIC, THERHAL, AND ULTRASQHIC ATTENUATION
PROPERTIES OF S0DIUM SILICATE GLASSES

MANGEMANI, M.H., SINGH, B.K.
Hawaii Instifute of Geophysics, University of Hawzil
Honolulu, Hawaii 96822 uUsa

INTRODUCTION .
In the course of reviewing varicus thermal and elastic properties of

glassés; it has been clearly shown (refs. 1<2) that two types of anomzlous

behavior exist in the vibrational properties of inorganic zlasses.

“which volume dependence 6~ frequency ( i.e., de/dV) is positive, and in=
cludes ancmalous properties sitch as negative thérmal éxpansicn coeffi-
cient, positive temperature derivative of elastic moduli and negative
préssure derivative of elastic moduii, 211 6f which are characteristic of
the tetrahedrzl glasses like fused silica. The second type despends solsly
upon the low-frequency vibraticonal modes and includas properties such as
large acoustic loss, excess specific heat, and low-freguency Raman scat-
tering, 2ll of which are characteristic of glassy state, in generzl. This
paber reports on the elastic moduli, thermal expansion and acoustic loss.
s and 3n seven sodium silicate glaSses; as the function of
composition, pressure, and temperzture. Although several investigations
on the 2lastic and thermal properties of alkali silicate glasses have ksén
carried cut (e.g., refs. 1, 3-8}, virtually no data exist on ultrascnic

attenvation in such plusses; except for some lower fregquency, high-

The elastic properties of simple silicate glasses in gensrzl depend

MLt ‘|| y

on the density of the Si-0-3% bonds in the random nstwork of s3ilica. The

additisn of 2 network-modifier such as §329 results Iin 2 brezkdown of sozs
z

those bonds znd the Jormation of relatively weaker S5i-0-Nz bonds in

that Young's modulus in the gzgg-s %2 glass systes descreases systemati-~
3 23
-~ £
3 It is of interest to study the changes in the anomalous bYehavior of
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%0). obtained from the Corning Glass Yorks;
n sodium silicate glasses, synthesized at the
Hashingicn, D.C.; were used In this study.
nnezling temperatures of the sodiuz silicate
Right circular cyiinders, 1.25 cx long,

szmples for the velocity measurements as

at 298° X) and temperature (298-598° K at
€ely the szme length but larger diameter
temperature (50=298° K) attenuztfon and velo=
minimize the errors of the side-wall

The end-faces of ¢¥lindriczl specimens were

in 10" parts, snd polished flat to 21/2 wave<
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one of the most interesting findingzs of this study is the shifting of

the peak attenuation temperature {(in th: low=temperature range) with in-

creasing ﬁazs content; the peak attenuation temperature for eacl glass is
indicated by an arrow (figs. 9 and 10). Because of the broadness of the
attenuation curves, there is significant uncertainty in determining the
pezk temperatures. Also, since the peak attenuation temperatures for
glasses K110 and K111 would fall below B0° K-=<putside the temperature
range of this study--the peak attenuation temperatures for these glasses
were estimated by extrapolating the attenuation versus temperature curves
(Figs. 9 and 10); hence the relationship shown in Fig. 12 is subject to
Turther uncertainty.

However, compared to the peak attenuation temperature of 47° K for
fused silica (refs. 14, 16}, the peaks for théA?aZO-Sice gl&sses—é&gﬁa%ﬁly
appear to be composition-dependent. Since the pezk zttenudtion itempera-
ture inereases with increase in the Nagéﬂcontééﬁ,—thé effect of adding
*’20 tc:SiO is opposite that of adding 3320 to ueﬂé (ref. 11), although
there are Su“&ﬁtﬂral s2imilarities betveen fused 5 192 and Geéz {both
glasses have tetrahedral structures).

»

For the low-temperature stru-~tural relaxation mechanism, such as that

p?eéent in fused silica {ref. 14) and presumably alsé in the :az§§3102

glasses, it would be of interest to compute from the frequency-dependence
of the peak attenuation temneratures the most probable activation energies
for different concentraticns of E&QG. However; as attenuation data at
different freguencies are not yet availahle for thesé glasses, no attempt
can be made to calculate the activation energies for these glasses (£
fused silica, activation energy is ~1030 cal/mole; ref. 14). However,
from the shift of the peaks to higher temperatures (Fig. 12}, it is sug~
gesced that in some systematic fashion the activation energy increases with
Hay0, contrary to that found for the Na,0-GeO, system {ref. 11). Although
the high -temgggaturé §a+ relaxation (>23$° h} Seems to obzcure the low-
temperature side of the attenuation curve, at least, for higher
content glasses, it is 4 from the magnitudes of
curves of the %azo- G : and ‘3} that the
aiienuzﬁ;aﬁ. and tﬁergb
s a i inr can be iﬁterpréged cn the
molecule modiries the exist
in the
former
. of ths




shifting of the attenuation peak to higher temperatures. The latter
modifi gation would, however, mzke no c¢ontributisn A=

other words, a loosening of structure oczurs with

which is in agreement with the low freguency inter

(rer. 22).

In high-soda sses, at 30 MHz, one would expsct to fingd Ea+
relaxation at %égnergtéres above room temperatura. HNear rrom temperature
(Figs: 30 and 11), the temper-ture-dependence of both longitudinal and
shear attenuatien increases with increasing §3§3. The effect of composi=
tion 41 the internal friction at much lower rr iencies {.0"-Hz} for §a§§-
SiGEAgiasses studied by Forry (ref. 22) shous a éeereasg'§ayh iﬁrin*enéiij
‘and peak temperature as N oU content increases: In ligh >

res " ts, it 3§ be consluded

peak is shiftigg toward

shift in Na' réj :

~3é8~ glasses {ref. 1313). 5 ) higl mran Fals :'éir

aﬁgﬁ aetivst =, mpATras Sw~t rature strustusal eiax&t;aﬁ

har &

Hia s

,O content
results in deerea: of 3 I E moduld { uli : s (n10%
3323} gnd ther es with iner > 3,0, Lss-saéa gzasses exhibit
anomalous behavier under r ten . arS degree of anomalous
behavior decrs ; witl easing Na ( » the pressure derivatives of

ecrease with increase in
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the activation energy is increasing with Fazé contrary to

sreviously reportad for Ha,0-GeO; glasses (ref. 11). The

erature curves at these low teSperatures show 2 reversed

tion pesk géigﬁé decreases with increasing gagé, Explanation is offered
in terms of th

L}
b

the formatlion of Si-0-Na bonds, which are weaker than Si-0-S1i

bonds.
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