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The electrical conductivity was investigated in two series of alkali aluminosilicate glass melts, 25R,0(R: Na and
K)-xALO-(75-x)510, at temperatures ranging from 1000 to 1400°C. The dependences of conductivily or activation
energy on ALOWR,O of both series in the molten state showed a same behavior. These results in the molten state
were compared with previous studies for sodium alkali aluminosilicate glasses in the molten and selid state, and
explained in terms of the binding state: [OT-R* and [AIO.[-R".
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1. Introduction

t 15 well known that alkali aluminesilicate (R,0-ALO.-

8i0,} glasses show a higher electrical conduction in the
range of ALOYR,0 <1 when Si0, is replaced by ALO,"”
But if the mole ratio, Al;O/R,0 is larger than 1, the con-
duction beging to decrease. Therefore, the electrical con-
ductivity shows a maximum al ALOYR,0=1 with ALO, re-
placement. Thig behavior is known as the aluminium ox-
ide anomaly. It is generally agreed that this anomaly
derives from a coordination change of Al surrcunded wilh
axygen (from tetrahedral to octahedral),*

The mosl experimental works related to the above
electrical conduction of alkali aluminosilicate glasses
were performed helow transformation temperature (< T)).
From the viewpoint of the glass structure, it is im-
portant to compare the conductivity behaviors between
below and above T, Because of the devitrification of
glasses and the difficulties to measure the conductivity
at high temperature, especially in the molten state, only
one siudy” on sodium aluminosilicate glass melts has
been ecarried out in the range of AlLOYNa,0 <1. Iis
regults, however, exhibited opposite behavior in the solid
state (below T,) and the molten state (above T)) ag Si0,
is progressively replaced by ALQ, (Fig. 1). In several
works™ the conductivity behaviors of sodium alu-
minosilicate glasses below T, have been diseussed by us-
ing the model of Anderson and Stuart” in which the ae-
tivation energy (E,) for ionic conduction consists of elec
trostatic bond energy (E)) required to remove an ion from
itz charge compensating center ({or example, [-O]-Na  or
[AIQ-Na') and strain energy (E,) that the ion need to
expend in pagsing through a doorway in network. Ac
cordingly, it ean be postulated that the pure influence of
AL, in other words the effect of electrostatic bond en
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ergy between Na* and [AlO,] on conductivity can be ob
served only above T, where the strain energy may be
free.

The main objective of this work is to examine whether
such a conductivity behavior above T, for sodium alu-
minosilicate glasses is available for ancther alkali ions.
Therefore, in the present work the conductivity was
measured not only in sodium-(SAS) but also potassium
aluminogilicate (PAS) glass melts. The observed results
are discussed here relative to the role of ALQO; in the
glass structure.

II. Experimental Procedure

1. Glass preparation

Glags melts of mol % compogition 25Na;0-xALO,-(75-%)
510; and 25K,0-xA1;0,-(75-x)510; with x=0, 5, 7.5, 10, in
which the AlO4/R,0 (n) mole fraction R,0: Na;0 & K.0)
took the values 0, 0.2, 0.3 and 0.4, were examined. All of
the glasses studied lie beyond the composition range for
the metastable phase separation.” The starting ma-
terials, high purity quartz sand, commercial reagent
grade Na,C0,, K;CO; and AI(OH); were mixed thorough-
Iy and melted in an electrically heated furnace at tem-
peratures ranging from 1450 to 1700°C, depending on
the given composition. All glasses were melted in Pt/5Au
crucibles. Sufficient time (4-10 hours) was allowed for
the melts to become wisibly homogeneous and hubble-
free. The glass melts were then cast into a graphite
mould to give conductivity cell-crucible shaped speci-
mens and annealed near their transformation tem-
perature. These glasses were remelted in the con-
ductivity cell for the measurement.

Wet chemical analysis of the glasses was carried out to
examine the possible compositional changes during melt-
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Fig. 1. Schematic diagram for electrical conductivity versus
ALOYR,O of alkali aluminosilicate glasses in the molten
state (> T,) and the solid state (< Ty

ing. The results indicated a deviation from batch com-
position of less than 1 mol % of alkali oxide.

2. Mell conductivity measurement

For the electrical measurement of glass melts, a con-
ductivity cell with two electrodes was applied. The cell is
constituted by an alumina crucible filled with glass melt
and by the two Pt/30Rh electrodes placed on below melt
level. Flecirical conductivity is measured between two
electrodes separated by a distance 18 mm. As a meas-
urement. bridge, an impedance bridge in the range 40 Hz
to 4 KHz (Digital-Konduktometer Type 600, Knick, Ger-
many) was used. The conductivity measurements were
performed at 4 KHz where the polarisation of electrode
can be ignored." The cell was calibrated direct at high
temperature between 1000-1300°C with several molten
glasses, As glass melts for the calibration, binary alkali
silicate glass systems 20Na,0-808i0, and 20K.0-805i0,
were used. The details of the measuring procedure and
the cell arrangement are described elsewhere, ™"

The reproducibility of glass melt conductivity was also
measured. Conductivities obtained were reproducible
within less than 5%. After calibration of the cell, con-
ductivities of glass melts were measured at 100 K tem-
perature intervals within temperature range 1000 to
1400°C,

ITI. Results and Discussion

1. Dependence of temperature

The temperature dependence of conductivity (o) for
sodium-~{SAS) and potassium aluminosilicate (PAS) glass
melts are presented respectively as the plots of logo
versus the reciprocal absolute temperature (1/T) in Fig.
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Fig. 2. Temperature dependence of electrical conductivity

{m) in alkali aluminosilicate glass melts, n=ALOJ/R.(, ®: n=
t, ©:n=0.2 w: n=0.3, A: n=04,

2(a) and (b). It is known that many inorganic glass-form-
ing liquids exhihit the mnon-Arrhenius hehavior in the
wide temperature range above T, The non-Arrhenius
behavior in conductivity against 1/T of all the pregent
glasses can be hest expressed by least squares curve fit-
ting as a second-degree polynomial of the type: logo=A +
B/T + C/T® where A, B and C are constants. By first dif-
ferentiation of this equation activation energy for the ion
conduction can be calculated. As shown in Fig. 2 the con-
ductivity decreases with increasing n (AL Q/R,(Q) at con-
stant temperature. This behavier is clearly de-
monstrated by the activation energy values.

Fig. 3 shows the average activation energy (Eo) of SAS
and PAS glasses in temperature range 1000-1400°C as a
function of ALOJR,O. Table 1 contains also the ae-
tivation enrgy values corresponding to each glass. As ex-
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Fig. 3. Average activation energy (E,) of SAS (®) and PAS

(0) glasses in temperature range 1000-1400°C as a function

of ALOy/R,0.
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Table 1. Average Activation Energy (E,) for Ion Conduction
in the Temperature Range 1000-1400°C in Sodium-(SAS)
and Potassium Aluminosilicate (PAS) Glass Melts

AlLGY/R,0 Figgag BEopase-
(n) {kJ/mol) (keJ/mol)
0 26.8 35.4
0.2 27.8 434
0.3 29.5 48.1
0.4 32.9 53.3

*SAS: 26Na,0-xALO{75-x)5i0,.
*FPAS: 25K,0-xA1L0:-(75-805810,.

pected from the temperature dependence in Fig. 2, the
activation energy increases with increasing AlLGy/R,0.
PAS glasses have a higher activation energy than that of
SAS. It is well known that the mobility of alkali ions de-
pends on not only their field strength but also their ra-
dius. In the case of hinary sodium-(38S5) and potassium sil-
icate (PS) glasses, inspite of its lower field strength the
K ion has a larger radius than Na ion and, thus the ac-
tivation energy for ion mobility or conduetion of PS
glasses ig higher than 88. This is aiso valid for PAS
and SAS glasses. The influence of AlO; on the con-
ductivity is in detail explained in the next section.

2. Influence of ALQ,

Fig. 4 presents conductivity isotherms of both alkali
aluminosilicate glass melts, as a function of ALOJ/RO
mole fraction at 1000, 1200 and 1400°C. The conductivity
decreases with AlO,-substitution independent of kind of
alkali oxide. In other words, the mohility of alkali ions
decreases by introduction of Al;0; This tendency for con-
ductivity of both glass series shows a good agreement
with that of SAS of Wakabayaghi.® It can be thus sug-
gested that such a conductivity behavior on ALO,/R,0 is
also available for another alkali aluminosilicate glass
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Fig. 4. Compostional dependence of the electical con-

ductivity (o) against AlLO/R,0 in alkali aluminosilicate
glass melis, 3 1400°C, O 1200°C, w: 1000°C.

melts. .

It is penerally agreed that when SiQ, is substituted by
AlLO, in alkali silicate glasses in the range of AlLGY/R.0 <
1, the aluminium ion goes into tetrahedral coordination
as a networkformer [AlQ,} which eliminates the non-
bridging oxygens™ and, thus atrengthens the total glass
network, for example glass voscosity.™ Charge neutrality
of [AID,] tetrahedra is maintained by the presence of al-
kali ions, which hroke up the network and created non-
bridging oxygen [-O]. The alkali jons can then be hound
with the two types of gites: [-O]-R" and [AlO,]-R" where
the content of the nonbridging oxygens ((-O1-R") de-
creases with inereasing AlO; content ([A1Q,-R’). The de-
crease of the ion mobility or eonductivity by AlLQO--sub-
stitution in Fig. 4 can be explained with this change of
alkali ion binding state, assuming that the binding en-
ergy of [Al0,]-R' is stronger than that of [-O]-R'.



212 The Korean Journal of Ceramucs - Ki-Dong Kim

Based on the behavior below T, (lower part of Fig. 1),
it was mentioned in several literatures™® that the alkali
ion is stronger bonded with the nonbridging oxygen than
with [AlOQ,] and, hence the alkali ion mobility increases
with the replacement of 5i0, by Al,O; According to sim-
ple calculation using an electrostatic model,*™ in the sol-
id state (below T,) the hinding energy of the [Al1C,]-R" ap-
pears to be lower than that of [-O]-R* because of larger
radius of [Al0.]. But this can not explain the con-
ductivity behavior in the molten state of Fig. 4 {or upper
part of Fig. 1). This inconsistency was discussed by the
work of Wakabayashi” in which hesides the change of al-
kali ion binding state, the effect of different thermal his-
tories on alkali ion mobility was considered in the solid
gtate, namely the conductivity in solid state does not sim-
ply depend on the compostion, but on the glass structure
in equilibrium with the frozen temperature (=T, from
melt to glass. Recent study of Hsieh® indicated that the
activation energy (E,) for ion conduction below T, is a
sum of binding energy (E,) and strain energy (E). In
practice the conductivity of glasses below T, is strongly
dependent on their thermal higtory, for example cooling
rate.'” On the other hand, it can not be postulated that
the conductivity in the molten state depends on the ther-
mal history. Therefore, in the molten state where the
strain energy due to thermal history is excluded, it
gseems to be clear that only the binding energy between
anion and alkali ion plays a role of activation energy.
Based on the structural information and the conductivity
behaviors discussed above, it may be sugpested that the
binding energy of [AlOJ-R, is stronger than that of [-O]-
R'. But in order to confirm this suggestion, it must be
performed to determine the binding energies of both
types theoretically by using resonable parameters.

IV. Summary

The electrical conductivities of two series of alkali alu-
minosilicate glasses, 26Na,0-xALO-(75-x)8i0; and 25K,0-
xAlLO-(75-x)310, were measured in the molten state
(1000-1400°C}. All the melts of both glass-series showed a
same conductivity behavior, Their conduetivities de-
creased with increasing Al O,/R.Q. The activation energy
for conduction of bath series showed also a same behavior.
From the present results it was concluded that such a
behavior is also available for another alkali alu-
minosilicate glass melts.

Additionally, the influence of Al,Q; on the conductivity
was discussed. On the base of the structural information
in alkali aluminoesilicate glasses and the opposite beha-
vior of their conductivity in the solid state and the molten
state it was suggested that the binding state of [AIOQ,I-R"
is stronger than that of [-O]-R".
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