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Introduction Over the past several years, the viscosities of iron-con- 
taining silicates have been measured under identical conditions in a beam- 
bending viscometer equipped with atmosphere control(l,2,3). The importance of 
collecting data in a well characterized system is to insure that the viscosity 
measurements are consistent and can be used in formulating an empirical model 
for viscous flow. The temperature range covered by this model is 400 to 800°C. 
The viscosity range is 108 to 1014 poise. The composition range is total 
metal oxide (Fe0+Fe2O3+Na7O) less than 35 mole %. In all cases, the mole % 
Na20 is sreater than moled% A1203. The compositions are recalculated in terms 
of NaA102 as suggested by Bottinga and Weill(4). In addition to experimental 
data which appeared previously(l,2,3), data for the compositions listed in the 
Table were included in refining the coefficients in the model. The viscosi- 
ties were measured in air (0) , in forming gas 95"%N2-5%H2 (N) and in forming gas 
with carbon in the glass(R1. The iron in the analyzed compositions is listed 
as FeO and Fe2O3 and the ~e3+/~e*+ ratio approaches equilibrium for these 
melting conditions(5). An example of the viscosity-temperature relation for 
four glasses with nominally 15 mole % Na20 is shown in the Figure. 

Mechanisms Three mechanisms have been considered in the formulation of 
the empirical model. The model involves the breaking and reforming of Si-0 
bonds. The first mechanism involves a Si bonded to 3 0's and a bridging 0 
between 2 Sits with an associated metal ion, either Na or Fe. The second 
mechanism involves a non-bridging 0 and a bridging 0. The third mechanism 
involves 2 non-bridging 0's. The population of each species is calculated 
from the analyzed composition at selected temperatures. Using the calculated 
mole fractions, the viscosity is obtained from an expression which has appro- 
priate activation energies for each of the three mechanisms(3). 

Calculating Viscosities The calculation of the equilibrium mole fraction 
of each species and the determination of the temperature dependence have been 
combined into one expression of the type: 
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The coefficients Ai and Bi have been obtained by excluding XsioZ The best fit 
to the data is: 
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Notice that the coefficients for some of the species are zero. While the 
viscosity decreases as ~e3+ is reduced to ~e?+; the mole fraction Fez03 
appears only in the preexponential and the mole fraction FeO appears only in 
the temperature dependence. This equation provides a quick way of estimating 
viscosities in iron-containing silicates, in particular, or in more general 
families of compositions where divalent cations can be grouped together and 
trivalent cations can be grouped together(6). The predicted viscosities in 
this low temperature model can be connected with a smooth interpolation of 
the viscosity-temperature relation to viscosities calculated from high 
temperature empirical models(4,6,7). 
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Table of Analyzed Chemical Composition in Mole % 

Glass No. Atmosphere 

75-15-5-5 0 
N 
R 

70-15-5-10 0 
N 
R 

65-15-5-15 0 
N 
R 

60-15-5-20 0 
N 
R 
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