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Introduction 

The main variable under the control of the waste glass producer is the composition of the 
glass: thus a need exists to establish functional relationships between the composition of a waste 
glass and measures of processability, product consistency, and durability. Many years of research 
show that the structure and properties of a glass depend on its composition, so it seems reasonable 
to assume that there also is a relationship between the composition of a waste glass and its 
resistance to attack by an aqueous solution. Several models have been developed to describe this 
dependence, and an evaluation their predictive capabilities is the subject of this paper. The 
objective is to determine whether any of these models describe the “correct” functional 
relationship between composition and corrosion rate. A more thorough treatment of the 
relationships between glass composition and durability has been presented elsewhere [l], and the 
reader is encouraged to consult it for a more detailed discussion. The models examined in this 
study are the free energy of hydration model, developed at the Savannah River Laboratory [2,3], 
the structural bond strength model, developed at the Vitreous State Laboratory at The Catholic 
University of America [4,5], and the Composition Variation Study [6,7], developed at Pacific 
Northwest Laboratory. 

A common measure of the rate of glass reaction is normalized release, NL,, obtained from 
static leach tests, such as the PCT or MCC-1 tests. These models have in common the assumption 
that glass corrosion is a function of the logarithm of normalized release. In the free energy of 
hydration (FEH) and structural bond strength (SBS) models, the relationship is ‘ 

I n m )  = a + bK 

where K is an index determined by the bulk composition of the glass. In these models one takes 
account of many or most of the oxide components in the glass. In the approach of the 
Composition Variation Study, ln(NL+) is described as a linear or polynomial function of the weight 
fractions or mole fractions of a set of oxides components in the glass, and the intercept of the 
regression is set to zero. All three models rely on regression to obtain the coefficients used to 
model NL,. The regression coefficients are taken to be constants, which leads to a simple, testable 
hypothesis. Assume that a linear correlation is obtained between the index K of a model and the 
normalized release of an element from a large range of glass compositions in a standard leach test. 
If the property represented by K actually controls the rate of glass reaction with water, and if the 
function describing this dependence is accurately expressed by Eq. ( I ) ,  then the regression 
coefficients obtained for the database must be the same, within error, as those obtained for any 
subset of the database. If different coefficients are obtained for any subset, then the relationship 
between K and NL, may be correlative, but it is not causative; in other words, the composition- 
dependence of glass durability is not a result of whatever property is measured by K. In this case, 
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Fig. 1 Schematic diagram depicting the cumulative release of glass components to the 
environment as a function of the progress of the reaction of a glass with water. 

the model does not correctly describe the processes governing the glass corrosion, but might still 
be useful for developing waste form compositions or for process control. 

It is important to consider which response test provides the best measure of glass 
durability for use in such a correlation. The release of glass components to the environment as a 
function of reaction progress is depicted schematically in Figure 1. Early in the reaction, the 
solution is still dilute and the buildup of glass corrosion products has a relatively minor effect 
upon the rate of reaction. Under these conditions, the solution remains dilute, and the rate of glass 
reaction is dominated by the composition of the glass. Therefore, tests in which dilute solutions 
are maintained provide the best measure of the inherent resistance of a glass composition to 
aqueous attack. Such conditions are best obtained in Soxhlet or flow-through tests, though the 
conditions in short-term MCC- 1 tests are appropriate for durable glass compositions. 

As the reaction procedes, the build-up of corrosion products in solution begins to affect 
the rate of glass reaction. For example, alkali release tends to increase solution pH and thus affect 
the chemical potentials of pH-sensitive solute species. Under these conditions the rate of glass 
reaction is dominated by the evolving composition of the solution, and glass composition is 
important mainly in its integrated impact on solution composition. These conditions are obtained 
in long-term MCC-1 tests, or in PCT or MCC-3. In tests of fixed duration different different 
glasses end up at different points on the reaction progress plot: some are near the forward rate, 
while others are well on their way to solution saturation. 

Ultimately, corrosion in static or nearly static environments produces concentrated 
solutions from which secondary phases may precipitate. Secondary phases can decrease the 
corrosion rate by settling on the glass surface and inhibiting mass transfer from the glass to 
solution. They can also increase the corrosion rate by acting as a "sink" for certain glass 
components in solution, thereby increasing the release of those components from the glass. The 
phases that form and their influence on the rate of glass corrosion depends on glass composition, 
since most of the solute species are derived from the glass. Thus, glass components affect not 
only the glass structure and dissolution rate but also the identities of secondary phases. None of 
the models discussed in this study are designed to predict the identities of secondary phases or 



their effects upon the rate of glass reaction, and thus they cannot predict the long-term reaction 
rate of a glass. 

The most widely applied solution-dominated test is the MCC-1 test. Geldart and Kindle 
[8] compiled a database of nearly 300 glass compositions and corresponding MCC-1 test results 
(normalized silicon release, NL,,), and a subset of that database has been used for model 
evaluation in the present study. One concern in using such a database is that it is not possible to 
know whether all the compositions were, in fact, homogeneous, single-phase glasses. The 
following criteria were used to eliminate questionable glass compositions: 

1. 

2. 

3. 

4. 

The sum of oxide weight fractions was constrained to lie in the range of 95 to 103 wt% to 
avoid compositions in which a potentially important component is excluded, or in which 
the concentration of a component is significantly overestimated, 

Samples for which the Si02 concentration was more than 80 mol% (oxide basis) were 
eliminated to avoid compositions with very high melting/pouring temperatures. 

Samples with concentrations of P2O5 concentrations greater than 1 mol% or with 
concentrations of Tho2, U02, ZO,, SrO, PbO, and Cs20 greater than 2 mol% were 
eliminated to avoid immiscible or partially crystalline materials. 

Compositions containing at least 3 mol% B 203 and with M,O/(AI,O,+Fe,O,+B,O,) molar 
ratios less than 0.5 (M20 = Li20, Na20, K20) or (CaO+M20)/(Fe203+B203) molar ratios 
less than 0.8 were eliminated to avoid immiscible materials. 

Glasses that met these criteria were divided into four compositional subsets: 

Glasses containing at least 3 mol% B 203 and Na,O and at least 1.5 mol% A1203, referred 
to as sodium boroaluminosilicates. These compositions are most representative of 
radioactive waste glass compositions. 

e Glasses containing at least 3 mol% B203 and alkali oxide, but less than 1 mol% A1203, 
referred to as alkali borosilicates. 

Glasses containing at least 3 mol% A1203 and alkali oxides, but less than 1 mol% B203, 
referred to as alkali aluminosilicates. 

Glasses containing at least 5 mol% CaO and at least 10 mol% alkali oxides, but less than 
3 mol% Al 203 or B 203r referred to as alkali lime silicates. Nearly all the compositions 
that fall into this category contain at least 10 mol% N+O. 

Application of these criteria left 165 glass compositions: 84 sodium boroaluminosilicates; 21 
alkali borosilicates; 28 alkali aluminosilicates; and 32 alkali lime silicates. 

Durability was represented by normalized silicon release in a 28-day MCC-1 test; these 
values ranged from 0.8 to 813 g/m2, or over approximately three orders of magnitude. At very 
high silicon release, the MCC-1 test no longer measures the inherent durability of the glass, but 
instead the response of the altered glass surface to a concentrated aqueous solution formed from its 



own corrosion products. Use of NLsi instead of normalized boron or alkali release may introduce 
scatter in the correlations because NL,, is not as good a measure of the rate of glass ieaction with 
water. On the other hand, while all silicate glasses contain silicon, not all contain alkalis or boron, 
which makes Wi a more suitable measure for a very broad range of glass compositions, such as 
those in the reference database. 

Free Energv of Hvdration Model 

The FEH model was first used by Paul [9] to describe the composition-dependence of the 
durabilities of simple glasses and was extended to nuclear waste glasses by Plodinec and Jantzen 
[2,3]. It describes the corrosion of a glass as a sum of reactions of simple silicate and oxide 
components. The free energies of hydration of each of the components, A,,ydGi, are summed to 
obtain an estimated free energy of hydration of the glass, AmG: 

where X, is the mole fraction of the ith component. Values of AmHG are correlated with 
normalized release of a component obtained from fixed duration static leach tests: 

l n m )  = a + bAmG (3) 

(log(NLi) was used in the fits discussed in Ref. 1). In this study, where two or more reactions 
involving the same component could be used, the reaction used was the one that resulted in the 
best correlation with the overall database. 

The free energies of hydration can be adjusted for the change in solution pH that 
generally accompanies the corrosion of alkali-bearing silicate glasses. The AmG values for 
glasses containing SiO, are adjusted by using equations that were derived from the known 
dissociation constants of silicic and boric acid at high pH conditions [3,10]. The correction terms 
make AmHG more negative, and therefore they have the effect of "destabilizing" the glass relative 
to similar compositions with lower final pH. Correlations of the FEH model were performed 
against the reference database both with and without pH corrections. 

Testin9 the FEH Model Using the Reference Database 

The correlations between &G (calculated with no pH correction) and ln(NLsi) are 
shown in Table 1 for the entire database and for the various subsets discussed above. Correlations 
between pHcorrected values of AmG and ln(NLSi) are shown in Table 2. Uncertainties in the 
regression coefficients are shown in parentheses below the respective coefficients. In both cases 
the models are essentially uncorrelated with the alkali borosilicate subset. If this subset is ignored, 
the value of the intercept of the correlation varies from a low of 1.24 for the alkali aluminosilicate 
subset to a high of 2.16 for the alkali lime silicate subset. The extreme values are just within the 
uncertainties. Uncertainties in the slopes are much smaller, but the slopes vary from one subset to 
another to a significant degree, from a low of -0.27 to a high of -0.20. The pH correction 
improves the correlations for each of the subsets, but R2 values are still relatively low (0.5-0.6); 
that is, the model accounts for 5040% of the composition-durability trends inherent in the data. 



Table 1. Free Energy of Hydration Model: Regression Coefficients and Statistics for Linear 
Correlation between A m G  and ln(NLSi). 

~~ ~~ 

No. of 
Compositions R2 Intercept Slope 

~ 

All Glasses 165 0.35 1.66 
f 0.93 

-0.25 
f 0.03 

Sodium Boroaluminosilicate Glasses 83 

Alkali Borosilicate Glasses 21 

0.54 1.59 
f 0.36 

-0.21 
f 0.02 

0.0 1 3.92 
+_ 1.13 

-0.06 
f 0.13 

Alkali Lime Silicate Glasses 32 0.45 -0.20 
k 0.04 

2.16 
f 0.77 

Alkali Aluminosilicate Glasses 28 0.40 1.24 
f 1.30 

-0.27 
f 0.06 

Table 2. Free Energy of Hydration Model with pH Correction: Regression Coefficients and 
Statistics for Linear Correlation between AEHG and ln(NLSi). 

No. of 
Compositions R2 Intercept Slope 

All Glasses 165 0.45 1.63 
f 0.86 

-0.23 * 0.02 
0.58 

0.06 

Sodium Boroaluminosilicate Glasses 83 

Alkali Borosilicate Glasses 21 

1.71 
f 0.34 

-0.18 
+- 0.02 

3.53 
k 1.10 

-0.1 1 
f 0.10 

Alkali Lime Silicate Glasses 32 0.53 2.16 
k 0.71 

-0.18 
k 0.03 

Alkali Aluminosilicate Glasses 28 0.595 1.07 
f 1.07 

4-25 * 0.04 



Fig. 2 Free energy of hydration model: Predicted NL,, for the entire database. Diamonds: 
sodium boroaluminosilicate glasses; crosses: all other compositions. 

Figure 2 compares predicted values of NL,, for the entire database (no pH correction) 
with measured values of NLsi. The values for the sodium boroaluminosilicate subset are shown as 
open diamonds, and values for all other subsets are shown as crosses. There is high scatter in the 
data: at a predicted NL, of 28 g/m2, measured NL,, vary by two orders of magnitude. Note, 
however, that NL,, is underestimated for only a few of the sodium boroaluminosilicate glasses. 

These results may be viewed in two ways. On the one hand, AmG is weakly correlated 
with NL,, over the very broad range of glass compositions considered in this analysis. On the 
other hand, for the sodium boroaluminosilicate subset the correlations shown in Tables 1 and 2 
have a far greater likelihood of predicting a leach rate that is too high rather than a leach rate that 
is too low. Thus, if the point of using the model is to reject sodium boroaluminosilicate waste 
glasses with unacceptable performance in a static leach test, then the correlations would serve their 
purpose: unacceptable products would tend to be found unacceptable, though at the cost of 
rejecting some acceptable products. 

Predictive Utilitv of the FEH Mode 1 

The FEH model regression coefficients vary substantially from one data set to another; 
thus, the model is not an accurate description of the processes governing the corrosion of silicate 
glasses. The correlations obtained for the entire database indicate that the model describes only a 
fraction of the trend in the variations of NLsi with composition. Use of a pH "correction" 
improves the strength of the correlation for all subsets. In either case, the model accounts for less 
than 60% of the compositiondependence inherent in the data. On the other hand, when regression 
coefficients obtained for the entire database are used, the FEH model tends to overestimate NL,, 
for sodium boroaluminosilicate glasses, so it might find application in process control. The model 
predictions are uncorrelated with measured NL,, for alkali borosilicate glasses. Therefore, if the 
FEH model is used in process control, compositions that fit this description should be avoided 
during waste glass production. 



The Structural Bond Strength Model 

The SBS model was developed by workers at The Catholic University of America to 
describe the composition-dependence of the durabilities of nuclear waste glasses [4,5]. The model 
divides oxide components in the glass into network formers (SiO,, A1203, Zro,, and, in one 
version of the model, FqO,), network breakers (alkali oxides), and intermediates (all other 
oxides). The structural bond strength of the ith oxide component, Vi, is taken to be a function of its 
enthalpy of formation, AfH,; for network formers, Vi = 2 AfH, and for intermediates Vi = 4H,. For 
network breakers, Vi = 4H, - E,,, where E,,, is taken to be the average strength of a bond between 
a network former and oxygen. The average bond strength of the glass, V,,, is simply 

v,, = xxivi (4) 

where X, is the mole fraction of the i component. Values of V tot are correlated with normalized 
release of a component obtained from fixed-duration static leach tests: 

ln(NL,) = a + bV,, 

( l o g m i )  was used in the fits discussed in Ref. 1). 

In a revision of the SBS model [5], Al,03 and ZrO, are assumed to require one mole of 
alkali oxide to convert them to network formers, and all A1203 is converted before any ZrO, is 
converted. Any A1,0, and/or Zro, that is not converted to a network former is treated as 
intermediate. Alkalis in excess of Al,O, and ZrO, can be used to convert Fe203 into a network 
former, with any FqO, in excess of available alkalis being treated as intermediate. Alkalis in 
excess of all A1203, Zro,, and Fe203, can be used to convert B203 into an intermediate. Any B203 
in excess of the available alkalis is treated as a network breaker. This version of the SBS model is 
referred to as SBS-2 below. Once these relationships are determined, values of Vi for network 
formers, network breakers, and intermediates are calculated as described above. 

Testing the SBS Model Using the Reference Database 

The correlations between In(NL,,) and Vtot calculated using the original SBS model [4] are shown 
in Table 3 for the entire database and for the various subsets discussed above. The correlations 
between ln(NL,,) and V tot calculated using the SBS-2 model are shown in Table 4. Uncertainties 
in the regression coefficients are shown in parentheses below the respective coefficients. In both 
cases the models are essentially uncorrelated with the alkali borosilicate subset. If this subset is 
ignored, the value of the intercept of the correlation varies from a low of 8.5 for the sodium 
boroaluminosilicate subset to a high of 10.3 for the alkali lime silicate subset. These extreme 
values are well outside the uncertainties of the estimates of the intercepts. The slopes vary from a 
low of 1.85~10'~ to 2.21x102, with uncertainties that just barely overlap between these extreme 
values. Furthermore, the low values for the slope and intercept both occur for the sodium 
boroaluminosilicate subset, and the high values both appear for the alkali lime silicate subset: thus, 
these correlations are divergent at measured mass loss increases. Comparing Tables 3 and 4, we 
see that the correlations obtained for the original SBS model are equal to or better than those 
obtained for SBS-2. The R2 values for the sodium boroaluminosilicate subset are somewhat better 



Table 3. Structural Bond Strength Model: Regression Coefficients and Statistics for Linear 
Correlation between Vtot (Independent) and In(NLSi) (Dependent) 

No. of 
Compositions R2 Intercept Slope 

All Glasses 165 0.38 9.64 
f 0.92 

0.0210 
f 0.0021 

Sodium Boroaluminosilicate Glasses 83 0.6 1 8.50 
f 0.33 

0.0185 
f 0.0016 

Alkali Borosilicate Glasses 21 0.00 3.61 
k 1.13 

-0.002 1 
k 0.01 13 

Alkali Lime Silicate Glasses 32 0.48 10.34 
k 0.75 

0.0221 
F. 0.0042 

Alkali Aluminosilicate Glasses 28 0.39 9.39 
f 1.32 

0.0204 
f 0.005 1 

Table 4. Revised Structural Bond Strength Model: Regression Coefficients and Statistics for 
Linear Correlation between V tot (Independent) and ln(NLSi) (Dependent) 

No. of 
Compositions R2 Intercept Slope 

165 0.38 11.11 0.0249 
f 0.91 f 0.0025 

All Glasses 

0.59 Sodium Boroaluminosilicate Glasses 83 

Alkali Borosilicate Glasses 

9.10 
f 0.34 

0.0195 
f 0.0018 

21 0.04 7.5 1 
f 1.11 

0.0104 
f 0.01 23 

Alkali Lime Silicate Glasses 32 0.44 10.19 0.02 14 
k 0.78 f 0.0044 

Alkali Aluminosilicate Glasses 28 0.26 10.03 0.0225 
f 1.45 k 0.0075 



Fig. 3 Structural bond strength model: Predicted NL,, vs. measured NL, for the entire database. 
Diamonds: sodium boroaluminosilicate glasses; crosses: all other compositions. 

than those obtained using the FEH model, but are still relatively low (0.59-0.61). This means that 
a large fraction of the trends in the data are unaccounted for by either version of the SBS model. 

Figure 3 compares measured values of NL, for the entire database with values of NLsi . 

predicted using the original SBS model. The values for the sodium boroaluminosilicate subset are 
open diamonds, and values for all other subsets are shown as crosses. There is clearly high scatter 
in the data, particularly at high mass losses. The values for the sodium boroaluminosilicate subset 
are distributed fairly symmetrically about the line indicating a perfect correlation, but NLsi for 
high mass-loss sodium boroaluminosilicate glasses is generally underestimated by the SBS model. 
Similar results are obtained from a similar analysis for SBS-2. 

These results show that, over a broad range of glass compositions, V, is weakly 
correlated with NLsi, accounting for approximately 40% of the trend in the data. The quantity V, 
provides a more accurate estimate of NL,, for the sodium boroaluminosilicate subset than the 
quantity AmG from the FEH model, but underpredicts w, for some of these compositions and 
for many lowdurability compositions. 

Predictive Utilitv of the SBS Model 

The SBS model regression coefficients vary substantially from one data set to another, so 
this model is not a correct description of the processes governing the corrosion of silicate glasses 
(i.e., the coefficients have no physical significance). The correlations obtained for the entire 
database indicate that the model describes only a fraction of the trend in the variations of NL, 
with composition. There is very little difference in the strength of the correlations obtained using 
the original and revised versions of the SBS model. The regression coefficients obtained for the 
entire database are similar to those obtained for the sodium boroaluminosilicate subset, so the SBS 
model might be a useful tool for the early stages of waste glass composition development. The 



large scatter in the correlations and the tendency of the SBS model to underestimate NL,, for high- 
mass-loss samples argue against its use in process control. The SBS model predictions are 
uncorrelated with measured NL,, for alkali borosilicate glasses, so if the SBS model were used in 
process control, such compositions should be avoided during waste glass production. 

Comvosition Variation Studv 

The Composition Variation Study (CVS) is being developed at Pacific Northwest 
Laboratory to aid in the development of nuclear waste glasses for the Hanford Waste Vitrification 
Plant waste [6,7]. The CVS model correlates the weight fraction or mole fraction of a component 
in a glass with normalized mass loss of Si, B, Na, and Li. Normalized releases of an element of 
interest are regressed against composition by using an equation of the form 

where gi is the mass fraction (mole fraction) of component i, and bi and ci  are regression 
coefficients. Equation (6) is essentialIy a Taylor series expansion of the leaching behavior of 
glasses around a central glass composition. The components used in the CVS model are SiO,, 
B203, Na,O, Li,O, CaO, MgO, Fe,03, AZO,, Zro,, and "Others," defined as the sum of all other 
oxides present in the glass. The CVS model relies on the expectation that glass durabilities will 
vary smoothly and monotonically with the concentrations of particular components. It requires a 
substantial database of durability tests for different glass compositions. 

Testing the CVS Model Using the Reference Database 

There are two ways to test the CVS model. First, one can obtain regression coefficients 
for the entire database and for each of the subsets and examine how the coefficients vary from one 
subset to the next. Second, one can use published values for regression coefficients for the 
compositions examined in the CVS study to calculate correlation coefficients for the entire 
database and for each of the subsets of the database. This is considered a "validation" study 
because it tests the validity of the coefficients when applied to compositions different than those 
used to develop the model. Both approaches have been adopted in this study. 

CVS components were fitted to 1n(NLsi) for the reference database and all composition 
subsets. Nearly all of the compositions considered in the CVS study would be classified as 
sodium boroaluminosilicate glasses by the criteria discussed above, so it is worthwhile to compare 
coefficients obtained in this study with the coefficients reported by Hrma, et al. [7] for the CVS 
compositions. Figure 4 compares the regression coefficients obtained in this study for the 
boroaluminosilicate database with coefficients reported by h a ,  et al. [7] for NL,, in 28 d MCC- 
1 tests. The Coefficients for several components are similar, but differ considerably for Fe,O,, 
AZO3, and Zro,. Figure 5 shows the variation in the regression coefficients as a function of the 
identity of the glass subset (where the ribbons go off-scale they have been truncated). The 
regression coefficients for the CVS components vary strongly from one subset to another. 

Table 5 shows Pearson's R obtained in fitting CVS components to NLsi for the various 
subsets considered in this study and compares them with R values calculated using the best-fit 
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Fig. 4 Composition Variation Study: Coefficients for linear fits of CVS components to NL, in 
28d MCC-1 tests for the CVS database [7] compared with coefficients obtained by fitting 
C V S  components to NL,, for the sodium boroaluminosilicate database [this study]. 

CVS components for a linear model (squares) and the best fit involving cross-terms (for example, 
Na,OxAl,O,). Use of the published coefficients for the model that includes cross terms [7] results 
in a value for R that is comparable to that obtained by directly fitting the data with a linear model, 
a relatively good fit. For all other subsets, the model that includes cross terms shows a weaker 
correlation than the purely linear model, and in fact is anticorrelated to a limited degree with the 
alkali lime silicate subset. Both models show very weak correlations with the database taken as a 
whole and with the alkali borosilicate and alkali lime silicate subsets. Figure 6 compares 
measured values of NLsi for the entire database with the values predicted by the published 
regression coefficients for the linear C V S  model [7]. The sodium boroaluminosilicate glasses are 
closely clustered around the line indicating perfect linear correlation, but nearly all other glasses 
have values of NLsi much greater than predicted by the CVS regression coefficients. A similar 
result is obtained for the model involving cross terms. 

Predictive Utilitv of the CVS Model 

These results show that while the published CVS regression coefficients provide a fairly 
good estimate of NL,, for sodium boroaluminosilicate glasses, they significantly underestimate 
NLs, for most other durable glasses. When CVS components are fitted to each of the subsets, the 
correlations obtained are better than for any other model considered in this study or in the critical 
review [I], but the coefficients vary strongly from one subset to another. If a sufficiently broad 
database is available, the CVS model might be a useful tool for waste glass composition 
development. The CVS approach may be useful for process control, but only if glasses belonging 
to a single compositional category (e.g., sodium boroaluminosilicate glasses) will be produced. 
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Fig. 5 Composition Variation Study: Values of regression coefficients for CVS components 
obtained by fitting the wi for all glasses and for each of the composition subsets. 

Table 5. Composition Variation Study: Pearson's R for Linear Correlation between Mole 
fractions or Weight fractions and ln(NLSi) 

Compositions No. of R2 R2 R2 
Compositions (linear') (cross 2, (this study ') 

All Glasses 165 0.2 1 0.03 0.5 1 

Sodium Boroaluminosilicate Glasses 83 0.61 0.7 1 0.74 

Alkali Borosilicate Glasses 21 0.02 0.0 1 0.59 

Alkali Lime Silicate Glasses 32 0.03 0.08 0.59 

Alkali Aluminosilicate Glasses 28 0.52 0.00 0.74 

1. Calculated using regression coefficients from Ref. 7, Table 12.2b. 
2. Calculated using regression coefficients from Ref. 7, Table 12.5. 
3. From fits obtained using the reference database and CVS components. 

Relationship Between Resmnse Tests and Long-Term Performance 

A final point to be considered concerns the relationship between the predicted 
performance of a composition in a static test of fixed duration and the long-term durability of that 
composition. In fact, there is no necessary correlation because not all glasses enter the same stage 
of corrosion at the same time in a static test of fixed duration. As indicated in the reaction 
progress plot (Figure l), the rates of release of glass components vary significantly over time, and 
the rate of approach to a fixed point on the reaction progress surface will be more or less 



Fig. 6 Composition Variation Study: Predicted W i  vs. measured NL,, for the entire database. 
Diamonds: sodium boroaluminosilicate glasses; crosses: all other compositions. 

attenuated by a combination of factors-the composition of the glass, the composition of the 
solution, the temperature, and the presence or absence of crystalline phases. While any material 
that disintegrates rapidly in a short-term leach test is unlikely to be considered a suitable waste 
form, it must be borne in mind that low release rates in a short-term test may mean very little if, 
over time, secondary crystalline phases form and control the rate of glass corrosion thereafter. 

The effect of a glass component on the long-term glass reaction rate may be very 
different from its effect on the forward rate. The role of AIk is a case in point, as it generally 
increases durability in the early stages of glass corrosion, but increases the likelihood of the 
formation of analcime and other secondary phases over the long term, which may in turn increase 
the rate of glass corrosion. The effects of key glass components must be understood with regard to 
all aspects of the corrosion process so that glasses can be designed to provide acceptable long-term 
immobilization of waste materials. 
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