Viscosity and Anelasticity of Melts.
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1. DEFINITIONS
A Newtonian fluid is one for which a linear relation exists
between stress and the spatial variation of velocity. The

viscosity of a Newtonian material is defined as the ratio of
stress to strain rate

n=Q
: (1)

In contrast, the elastic modulus of a Hookean elastic
material is defined as the ratio of stress to strain

M=

™A

(2)

As is the case for elastic moduli, we can, for an isotropic
medium like a silicate melt, speak of two components of
viscosity, a volume (1y) and a shear (ng) component. The
combination of volume and shear viscosity yields a
longitudinal viscosity, (Ng)

m=m+§ns
(3)

A comparison of longitudinal and shear viscosities
illustrates that volume and shear viscosities are subequal at
very low strains [9] (see Figure 1). The ratio of Newtonian
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viscosity to elastic modulus yields a quantity in units of
time. This ratio

(4)

2=

is the Maxwell relaxation time [24]. This relaxation time
is a convenient approximation to the timescale of
deformation where the transition from purely viscous
behavior to purely elastic behavior occurs. The purely
viscous response of a silicate melt is termed "liquid"
behavior whereas the purely elastic response is termed
"glassy" behavior. The term silicate melt is used to describe
molten silicates quite generally, regardless of their
rheology. Even for the simple case of a Maxwell body, the
change from liquid to glassy behavior does not occur as a
sharp transition but rather describes a region of mixed
liquid-like and solid-like behavior - a region of visco-
elasticity. Deformation experiments performed in the
viscoelastic region contain three distinct time-resolved
components of deformation, instantaneous recoverable,
delayed recoverable and delayed non-recoverable. Figure 2
illustrates these components for a creep experiment.
Viscous flow is the delayed non-recoverable component, the
term anelasticity refers to the instantaneous plus the delayed
recoverable deformation and the entire deformation behavior
falls under the heading of viscoelasticity [26].

Structural relaxation in silicate melts is but one example
of a relaxation mode. It can be mechanically represented as a
series combination of viscous dashpot and elastic spring (a
Maxwell element, see Figure 3). For more complex
materials such as crystal suspensions, foams and partial
melts, several additional mechanisms of deformation are
contributed at distinct timescales of deformation via
additional relaxation modes within and between the added



is the experimental deformation rate or its inverse, the
experimental timescale. It is this experimental timescale
which must most closely match the natural process in order
to make secure applications of the rheological results.

2. CLASSES OF EXPERIMENTS

In principle, any experiment that records strain as a
function of time and applied stress can be used to obtain
viscosity. Viscosity experiments can be subdivided in
several ways. We can, for example, distinguish between
those in which the strain rate is controlled and the resultant
stress is measured (e.g., concentric cylinder) and those in
which the stress is controlled and the resultant strain rate is
measured (e.g., fiber elongation). We can also separate
those methods that involve only shear stresses (e.g.,
concentric cylinder) from those which involve a
combination of shear and volume (compressive or
dilational) stress (e.g., beam bending or fiber elongation).
For any given geometry that employs controlled strain we
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Figure 2. The instantaneous recoverable elastic strain, the
delayed recoverable strain, and the delayed non-recoverable
viscous flow occurring in a linear viscoelastic material
upon application of a step function in stress at time, t=0,
























