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Viscoelastic relaxation measurements in the system SiO2-NaAlSiO4 by
photon correlation spectroscopy
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ABSTRACT

Relaxation times of longitudinal strain for five supercooled liquids along the join SiO2

(qz)-NaAlSiO4 (ne) including the compositions of albite (ab), ab50jd50, jadeite (jd), jd66ne33,
and jd33ne66 were measured by photon correlation spectroscopy within the temperature and
relaxation time ranges 711–1116 8C and 35–2 3 1024 s, respectively. The measured time
correlation functions are fitted to the Kohlrausch-Williams-Watts equation,
Fl (t) 5 exp(2t/t )b, yielding isothermal relaxation functions for longitudinal strain atl

P,T

constant stress. The temperature dependence of the longitudinal strain relaxation times
obeys an Arrhenian type equation. The relaxation of the longitudinal strain cannot be
described by a single relaxation time but by a relaxation time distribution. The width of
the relaxation time distribution, which is represented by the parameter b, is independent
over a large temperature range, indicating thermorheological simplicity. The decrease of
the parameter b corresponds to an increase of the excess (configurational) heat capacity
with increasing (Na1Al) content, together indicating an increasing fragility of the super-
cooled liquids toward the composition of NaAlSiO4. Increasing fragility is also shown
from the activation energy obtained from longitudinal strain relaxation and shear viscosity
measurements, which passes a minimum near 40 mol% NaAlSiO4 at low temperatures but
decreases toward NaAlSiO4 composition at higher temperatures. A comparison between
strain, stress, and enthalpy relaxation times shows clearly that the relaxation process re-
sulting from a thermal pertubation is slower than from a mechanical perturbation.

INTRODUCTION

Understanding the physicochemical properties of sili-
cate liquids is important for improving numerical models
of geodynamic processes, which require new or refined
values for transport parameters such as diffusivity or vis-
cosity. These transport parameters are essentially deter-
mined by the structure of a liquid and its dynamics. More-
over, the key to understanding the dynamic behavior of
liquids lies in the determination of relaxation times of
microscopic or macroscopic melt properties as a function
of temperature and pressure (Dingwell and Webb 1990).
In general, relaxation is a process of reorganization of the
melt structure to reach thermodynamic equilibrium after
a perturbation. It involves changes of the average molec-
ular configuration, and the required time for this process
is called the relaxation time, t. Viscoelastic or mechanical
relaxation is the response to a mechanical pertubation
whereas structural relaxation is the response to a thermal
pertubation (e.g., Scherer 1986; Mazurin 1986). In the
former case the measurements are isothermal, whereas for
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the latter the response to a (continous) change in temper-
ature is observed.

The isothermal viscoelastic relaxation can be measured
with different techniques depending on the time scale of
the relaxation process: For example, torsion measure-
ments (longitudinal and shear stress relaxation times at
constant strain) or pressure jump measurements (volume
strain relaxation times at constant stress) are suitable for
relaxation times above 10 s, whereas ultrasonic measure-
ments (longitudinal and shear stress relaxation times at
constant strain) are appropriate for the relaxation time
range 1026–1029 s. Photon correlation spectroscopy (PCS)
closes the time gap between 10–1026 s left open by the
previously mentioned methods. Here, the time depen-
dence of the intensity of scattered light resulting from
thermally driven density (strain) fluctuations contains in-
formation on the kinetics of longitudinal strain relaxation
at constant stress.

To get a better understanding of the relationship be-
tween the structure of a melt and its dynamics, we made
measurements of longitudinal strain relaxation on super-
cooled liquids in the system SiO2 (quartz, qz)-NaAlSiO4

(nepheline, ne) including compositions of vitreous albite
(ab), ab50jd50, jadeite (jd), jd66ne33, and jd33ne66 using pho-
ton correlation spectroscopy. For many of these compo-
sitions, no data previously existed. We have chosen this


