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Thermal Expansion of Binary Alkali Silicate Glasses

Hermman F, Shermer*

The thormal expansions of 2 nunbey of binary lithiue, sodivm, and polassium silicate
ulagged are reported over the temperature rangs fTomy room temperature to their deformation
pints, The expansivitiey of the gliseas intreased with inereasing slkali oxide concontration.
hese expansi vities wers uaed to caleulnte density values, whieh were correlated wlth density

mezsurementa in the liquid range,
with inereasiopr slkali oxide cobcentntionh.

At room t.emﬁerat.ure the density of each series in

Ith iperessing tamperature, the density-

temperature curves for each binary series croased eaoh other and the density-coneeniration

order was reversed.

This reversal occurred in the lowest temperature Tapge for the lithium

ailicates, in an intermedlata teopersture Tange for the potassium silicates, and in the highest

temperature range for the sodium piliestes.

1. Infroducton

The thermal expansivity of fused silica and of
meany binery alkali silicate glasses has been atudied
previously by various investigators using a variety
of methods, Karkhgnavals Fl] I has coropiled the
results of many of these investigations. Maost of
theas studies were concerned with a sinﬁle bhinery
sy=term of pglasses, mainly Nag0-Bily,, The eEreaenb
investigation waa condoneted to show the cifect of
concentration of alksli oxide on the thermal ex-
paozivity of binary ailicate glasses. The allali
oxides studied were lithium, sodium, and potassinm.
The present results are gmrt- of a continmng study of
varioug properties of binary alkali eilicates. The
properties mensured previpusly include surface ten-
siom [21, density, afoEnawig, viscosity [31, and com-
presaibility [4]. This is the second paper on the
therme] expansivity of some sslected binary
and follows one congerned with the binary
earth borate glasses [5].

2. Preparation of Glasses and Method
of Test

The glasses nsed in the present investigation were
made for the inveatizalions of surface tension [2] and
viscosity [3]. They were later remelted for the
compressibility study [4]. TFollowing the compres-
gibility study a portion of each plase wes removed
for anoly=is. The silica wus determined %A‘n.vimﬂ-—
rically in each case by fusing o zample with sodinm
carbonate, treating with hydrochloric acid, and
removing the silica by the usbal double-debydration
procedure. The nmount of silica thuz obtained was
corrected for possible impurities by volatilization
with hydrofleorie acid, e alkali content of each
sample wes calenlnted by difference.  After the
sampla was cut for analysis, sn adjacent portion of
cach compresaibility sample was cut off and shaped
into & thermal expansion specimen [§5]. Relractive
index measurements made on the compressibility
specimens before and two days following compres-
gibility messurements indicated that no permanent
deformation oeeurred,
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The measursmenlys of thermal expansion wels
made by the interferometer mothod [6]. The furnace
was hented ab & rate of about 2 deg C per minute
from room temperature thraugh the deformation point
of the sample under test. The interferenca fringes
were recorded on photegraphic film and the results
were read from this film.

3. Besults and Digcussion
3.1. Fused Silica

A vory thorough discussion of the thermal ex-

naien of fosed silica i1z found in the book by

men [7]. A mere recent compilation of tha data
concerning the therma! cxpansion of fused silica
was made by Karkhanavala [1). Because fused
silica is an end member of the systems studied,
its expanston was measured {rom room temperature
te 825° (1, Tha results of this work are given in
table 1. The density poinis in figuree 2, 4, and 6,
at Z5° 900°, 1.000°, and 1,100° C on the fused-silien
curve, are those of Seosman [7].

3.2, Lithiwm Sflicates

The results of the measurements of the thermsl
expangion of the lithivm silicate glazsez and the end-
member fuzed silica arc given in figure 1 and table
1. Thers iz an increace in expansivity with incress-
g concentralion of [ithinm eade and with ineccasing
tetnperature {rom room temperature to the defor-
mation pointa [B]. Tabla 1 showa that the deforma-
tion-point temperatures decrease slightly with in-
creasing lithivm oxide content,

Figure % shows the density-temperature enrves for
fosad silica and the binary lithium silicates. The
lower temperature portions of these denaity-tempecs-
tura curves were celoulated from density measure-
ments st room temperature [4] and tha thermesl
expansion dats. This fizure aleo includes density
data that were obtamed previously in the liquil
range [3]. Although it was not possible to obtain
density values between the deformation peinte and
1,100% C, dashed lines are shown that connect data
obteined on the same composition, X-ray datg on
other glasses in this range do not indicste sany maxi-
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ma, ninims, or discontinuities, and therafore the
cenersl form of the curves is believed (o be reason-
able. The density wvalues at room temperature
Feupml]y inerease with incressing concentration of
ithium oxide (except perhaps between 37.8 and 39.6
mole percent of Lo, wheress at 1,100° C, and
above, the reverse is trua, As these reversals ocour
in the unmeasured region their temperatures arc

uncertain,
2.3, Sodinm Silicates

The thermal expansivity dsia for the binary
sodium silicate glasses are given in figure J and table 1,
Although the thermsa]l expsnsion of this series of
glaszes has beon messured several times hy a variet
of methods and with elightly verying re=ulia [1],
including one tima by Schmid, Fion, and Young [4],
it waa thought advisabla to rapeat this work so tha
conditions of messwrement would he comparable
wilh the other series of glasses studied in the present
investigation. Tha present determinetion slso per-
mitted direct comparisons on the same compoesitions
with dats previously obtemed in the hquid range [3].

The expaosivity of the hinary sodium =lieate
glassaa incressed with inereasing sodium oxide eon-
tent. The deformstion point temperatures de-
creased with incressing sodlum oxide content.

Figurs 4 is similar to figura 2 and shows the den-
sity-temperature curves for the bin sodium aili-
cale glgsses and liguids. The density wvelues ai
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room tempersturs ineressed with ineressing con-
centration of sodium oxide. The order of these
curves remmains unchanped up to shout 1250%
In the region from 1,250° to 1400° O the curves
cross one snother. Jﬂt.huugh one might expect, on
the basiz of addilive properly factors [10], that the
curvez would cross at a point, thi= doss not secm to
he tho casa. The donsity-temperature curves for
the sodium silicates crossed in & higher temperature
range (1,250° 10 1,400% C) than did the curves for
the lithinm zilicates (500 to 1,100 .

3.4, Potapsium Silicatss

The thermsal expansivity data for the potassium
silicate plasess are given in figere 5 wnd teble 1,
Figure & shows the tﬁlerma]-ﬂ ansion curves, and s
comparison of these curves shows ap ineresza in
expansivity with increased concentration of potas-
sIuM Oxide. i 5 elso shows three curves for
the glass containing 17.3 mols pereent of K. The
additional dats were obtained because the firat de-
tertnation (eurve A} disclossd a decrease in the
slopa of the expansion curve just prior to the rapid-
axpansion region. This decresse was prohably
indicative of strain [11] and was removed by re-
ponesling, Thiz strain wes oot readily deiected in
the polariscope. Curves A and B were obtsined
from aeparate specimens of plasa eut from the com-
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preszibility sample. Curve (¢ shows the resuolis

Tt T 1 T T — T T T 1 T 1 '
g [ ]
B g
g R -
%_H\\
L R T
\\\
—-—’5-1"—‘2_,__%‘3_“ iim ! |
PO . N II". 1'|lI|| ]
a, 8
R R LA -
b II'|.1'
- 5 11"-\11'. T
PR
L PR 7
b
aa|— n '\:\ ]
- \Q\:\\ -
[ N ]
" ruses nioy ]
reHE— ]
_- JobiuM JILISATES n
1 L 1 1 1 i 1 1 1 1 1 I 1 1
t k1] w3 ity LA i

TR AaTUN C

Ficure 4. Dermifes of btnery sodiem aflicale pladscy and
Hgwide and fused atlice g8 o function of demperadire,

Dqrsby wrhes o the Houid mege werd derlved [om dals i Ebecse,
Snlomer, sod Capps [3] aoed dently ohlured B Bikedd Sllaw are Oomy Botman [7].
Bolid |bws wre dokxs il data, end deabed Hoed aee Ieluded (o

oonnecl oxparimental data -u'hl',ljmd Jrom Lhe RATHIN oOrm Pl ikt




H. P HOLE % =,

3

| ernwarc tange

[

]
T
DEWHTY, geem?

2}.0 MOLL “r. D

FRAR THENMGL EXPANTOH_ i im
]

EEX LT E Y]

FRILERIEIM JILICAILE

1] 1 1 1 1 1 1
]

=] L]
TEMPEARTOEE, T

Fraver 5.  Lincar thermal srpan-
fion of BEnory poosstum aiftonl

glasmas.

mthrtﬂeutmﬁrtb@ghﬂmmmg
173 kg peroeni I;Dm-a-.& P ]
B, damiple §; sund 03, &abu by X reain ks

after the second specimen, B, was reannealed by
sllowing it to eool in the a:q:lansmn {furnace owver-
night. Thir heat treatment of the glass was suffi-
cient to remove the decrease in dope in the expan-

sion curva, The curves for the other glasses shown
in this are those of similarly resnnealed sam-
les. resulte of all determinations are included

m table 1 and a comparison of tha data shows the
reproducibility of the eocflicient of expansion of twe
specitnens of each of two glagses {17.3 and 27.8 mole
percent of K0} and the chenge in cosfficient of ex-
pansion caused by the reannealing,
Flﬁure & ehows the density-temperature curves for
il potassivin_ silicates. Values previously
detﬂrmmn:d 1n the liquid range are included. These
curves are similar in arrangement to those for the
lithium and sodium silicate series. Although the
exact groasing pointa of the curves were not deter-
mined, they seem to be hi then thosa of the
lithium silicates and lower then those of the sodium
silipates. The curve for the 17.3 mole percent of
K composition croszes the others botween 10507
and 1,150 ¢, and the other curvea seem to cross each
other about 150 dep C Iower.

3.5. Comparison of the Thermal Expanaivity of
Binary Alkali Silicate Glasses)

The average coefficients of expansion of the hinary
alkalj silicate glasses from 50° to 400° C as a funetion

of composition are shown in figure 7. The results of
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the present investigation are indieated by the closad
figires.  The results of a similar vestigation
Dietzel and Sheybeny [12] are included for compar-
gson. Their results are not truly comparable, as
their temperature range wae from room temperature
to the “transformation point,” which wvaried with
composition and had valvez from 430° to 489° (),
The results in ﬁﬁua 7 indicate an approzimately
linear relationship batween eoefficients of expansion
and composition. It would be possible therefore
to obtain additive expansivity factors such as those
compiled h{y Sun sand Silverman [10]. It is doubtful,
however, if these factors would apply to other 'g]l:-_:s
of glisses. A comparison of the curves for the
binary alkali silicate series indicates that at com-
arable concentrationa the potassium silicate glass
8z the hirhest expansivity followed in decreasing
ﬂrd&r by the sodium and then the lithivm glasses.

4, Summary and Conclusions

The thermal expansivity of glasses in three hinary
alkali silicate series wns measured. The expansivity
of the binary glasses increased with increasing con-
centration of Ethmm, sodium, or potassium oxde.
The densitiea determinad from thess results wers
corielated with density values obiained previously
m the liquid renge in order to study the expansion
cver B greator temperaturs range, The change in
density per degrea Celsius for any given composition
wag preater in the ligquid revge ihen in the aolid
range. At room temperature the density of cach
seriez of glasses increased with incrensing alkali
oxide conecentration. The density-temperature
curves for each series crossed cach other &nd the
density-consanirgtion order was reversed., This
crosming oeeurred in the lowest temperature range
for the lithiurn eilicates, in an mtermedigte temper-
ature ranga for the pofassium silicates, and in the
highest temperature ronge for the sodium silicates.
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