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thermal GrUneisen parameters Yth calculated from thermal expansivity data ]
increase with increasing Na 2 0content. The variation of y(T) is investi-
gated. The ultrasonic attenuation q in these glasces was studied in the
temperature range of 80 to 298 0K.- At 298"K the value of a for sodium
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show reversals. The attenuation peak at.u 47*K, found in fused silica,
shifts to a higher temperature in these'glasses as the Na2O is increased.
Implications are discussed in terms of a network model.
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FFE TS OF COMPOSITION. PRESSURE-, AN PERATURE ONTHE ELASTIC. THER0 AL, AND ULTRASONIC ATTN1UATION -
-o PROPERTIES OF SODIUM SILICATE GLASSES

MANG HNAN, M.H., SINGH, B.K4

Hawaii Institute or Geophysics, University of Hawaii
Honolulu, Hawaii 96822 USA

INT RO0D UCT17ION%

In the course of reviewing various thermal and elastic properties of
glasses, it has been clearI shown (refs. 1-2) that two types of anomlous

behavior exist in the vibrational propertIes of inorganic glasses.
1-The frst is related to abnormally low-frequency vibrational modes for

-which volume dependence O7 _requency C i.e., dw/dV) is positive, and in-
eludes anomalous properties such as negative the rma expansion coeffl-

cient, postIve temperature derivative of elastic modull and negative
pressure derivative of elastic =-duli, all of which are characteristic of
the tetrahedral glass ike fused silica. The second type depends solely

upon the low-frequency vibrational riedes and Includes properties such as
large acoustic loss, excess specific heat, and low-frequency Raman scat-
tering, all of which are characteristic of glassy state, in general. This

paper reports on the elastic moduli, thermal expansion and acoustic loss

in fused silica, and in seven sodlm silicate glasses, as the function of
composition, pressure, and temperature. Although several Investigations
on the elastic and thermal properties of alkali silicate glasses have been

carried out (e.g., refs. 1, 3-6), virtually no data exist on ul rason'c

attenvatlon in such glsses, except for some lower frequency, high-

tem erature data (ref. 22).
The elastic properties of simple silicate glasses in general depend

on t -he density of the Si-O-S1 bonds in the random network of silica. The i
addition of a network--o-d .e such as Na20 results in a breakdown of some

of those bonds and the :ormation of relatively weaker Si-O-Na bonds In
Sproportn to the Na2o0 added. In this manner, Charles (ref. 7) has shown

16that ioun0VS mdulus in the a0-Si02 glass system decreases systemati-
cally with increase In .a 20 content.

It is of Interest to tudy the changes in the ano -ous behavIor of
tetrahedral silica-like glasses as they are progressively modfled bj the

addItIon -f '-a 20. The purpose of this study is to investigate the elas-
tic, thernl, and ultrason-ic attcc-uation oroperties of the glasses In the
Hva 2 0-S102 glass systen in an ef rrt to elucidate the structural changes2n h_ rvd2 '' - }
In te random sIlIca-ba-sed net-wrk, and the mechanism involved.
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One of the most interesting findings of this study is the shifting of

the peak attenuation temperature (in ths low-temperature range) with in-
creasing Na20 content; the peak attenuation temperature for each glass isI2
indicated by an arrow (figs. 9 and 10). Because of the broadness of the

attenuation curves, there is significant uncertainty in determining the
peak teneratures. Also, since the peak attenuation-temperatures for

glasses KilO and Kill would fall below 800 K--outside 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); hende the relationship shown in Fig. 12 is subject to

further uncertainty.

However, compared to the peak attenuation temperature of 470 K for

-fused silica (refs. 14, 16), the peaks for the Na2 O-SiO 2 glasses certainly

appear to be coposition-deoendent. Since the peak attenuation tempera-

ture increases with increase in-the Na2  content, -the effect of adding
Na 2 0 to-SO2 is opposite that of adding Na2 0 to CeO2 (ref. i), although
there are structural similarities between fused S12 and GeO2 (both

- glasses have tetrahedral structures).

For the low-temnerature struturai relaxation mechanism, such as that
present in fused silica (ref. 14t and presumably also In the Na2O-SiO 2

glasses, it would be of interest to compute from the frequency-dependence
of the peak attenuation temperatures the most probable activation energies

for different concentrations of Na2 0. Howeveri as attenuation data at

different frequencies are not yet available for these glasses, no attempt
can be made to calculate the activation energies for these glasses (for

fused silica, activation energy is ul03 cal/mole; ref. 14). However,

from the shift of the peaks to higher temperatures (Fig. 12), it is sug-

g~ested that i1n some systematic fashion the actIvation energy Increases with
Na20, contrary to that found for the Na0-GeO2 system (ref. 11). Although

the high-temperature Na+ relaxation (>2500 K) seems to obscure the low-
temperature side of the attenuation curve, at least, for higher Na20

=content glasses, it is clearly inferred from the magnitudes of attenuation
curves of the "a20-SJO2 glasses (figs. 9 and 10) that the magnitude of

attenuation, and thereby relaxation strength, decreases with- increasing
-2 0 As a phenoxmenon, this behav~nr can be interpreted on the basis of

a structural model in which the Na2 0 molecule modifies the exIstIng
S-3-Si bondinz sites. This modification may result in the formation of a

Weaker Si-0-Na bond or an unuridged Si-O- bond. The former -would 4LMnede
- the movement of the oxygen atoms, and since movement of the oxygen atom 1s

the cause of attenuatIon this would result in decre .se in the attenuation,
acco..'anied by the increase in the activation energy as revealed b- the

zI



shifting of the attenuation peak to higher temperatures. The latter
!odlfication would, however, make no contribution to attenuation. inI othe.- words, a loosening of :;trueturo occurs with the addition of sada,I which is in agreement With the low frequency internal friction work

j(ref. -22).
In high-soda glasses, at 30 MHz, one would expect to find ya+

relaxation at temperatures above room temperature. Near room teMerature

(Fs-. O- and 11), the temoper- re-dependence of both longitudinal and
shear- attenuation increases with increasing Na23. The effect of composi-
tion nn the internal friction at much lower fre.-uencies (.0'-Hz) for Na20-
Si02o glasses studied by Forry (ref. 22)-shows a decrease bc.h in intensity
-and peak temperature as Na c6ent increases.-In Li h fthis and
res"'ts, it may be concluded that the expected hIgh-temperature attenuat-n
peak is shifting toward lower temperatures with increasing Na 2 0. A siilar
-shift in Na4 relaxation temperatures has also been observed in the Na20-
Gee2 glasses (ref. 11). This type of high-tenerture Ye3xation reoufres
large activation energ; cotnared to low-temperature structua relaxation.
It is desirable to investigate further the composition dependence of Na4
relaxation at high temperatures and low frequencies in other tyVes ofglasses. _ " i h

5. Sumary
a. Elastic moduli of ls 0-O glasses and their pressure and temperature

derivatives vary systematically with composition. Increasing fla2 0 content
results in decrease of u and E moduli. K modulus first decreases (10%
Na2O) and then increases with increase in Na 2 0. ow---da glasses exhibit
anomalous behavior under pressure and temperatare. Te degree of anomalous
behavior decreases wit increasing Na 2O, i.e., the pressure derivatives of

- moduli increase and the temperature derivatives decrease with increase in

Na20.

b. 7 r -o n te prar searwa. atn uao y,, -C M4 s a-

be The n in paaincrease with 11a 0 The disparity
between the y.., and y values dncreases asz au 0 4ncra ;t0os2  e g nasco edosior t e K vais~ aresthe an in eO moas les th
tekerature; the temperature dependence oflt increases wIth increase in
Na2O.
c. At room temacerature, shear-wave tt'enuationn at ">0 Is slarger (Q~
times) than the 'ongitudi-nal-w-_.-.t attenuat-ion; both types of -s, hot:-
ever, increase wtith Na 0
d. The low.-tenerature aLternt1._on peak (due to structural rel-mration)
observed in fused sli-ca at n.470 %_ isas on nN -SiO-0 ss h

Peak attenuation temperature is fund to Increase with '~rase in fla2



indicatinr that the activation energy is increasing with Na20, contrary to
what has been previously rep-rted for Va20-e02 glasses (ref. 11). The
attenuation-te-perature curves at these low temperatures show a reversed
relationship coxpared to that found at room ttmpcrature, i.e., the attenua-
tion peak heig't decreases with increasing Ua20. Explanation is offered
in terms of the formation of Si-U-Na bonds, which are weaker than 5i-0-Si
bonds.
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