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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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LABORATORY TESTING OF WEST VALLEY REFERENCE 6 GLASS

W.L. Ebert
Chemical Technology Division
Argonne National Laboratory, Argonne, IL 60439

ABSTRACT

A series of laboratory tests is being conducted to characterize the corrosion of
West Valley reference 6 glass (WV6) and to provide parametric values for
modeling its long-term durability. Models require measurement of the corrosion
rate in the absence of corrosion products and in fluids that are "saturated" with
corrosion products, and the identification of alteration phases. Corrosion rates in
dilute and saturated conditions were measured using MCC-1 and PCT tests,

respectively. Vapor hydration tests were performed to generate secondary phases.

The PCT tests show the WV6 glass to be more durable than SRL EA, SRL 202,
and HW-390-1 glasses. Vapor hydration tests show weeksite (a uranyl silicate), a
potassium-bearing zeolite, analcime, potassium feldspar, a calcium silicate phase,
and lithium phosphate to form as WV6 glass corrodes. Test results are presented
and their relevance to long-term performance discussed.

INTRODUCTION

The West Valley Demonstration Project (WVDP) will produce high-level waste
glass from wastes generated during the reprocessing of nuclear fuels. A target
composition for glass to be produced from high-level sludge has been identified
by the WVDP. Argonne National Laboratory (ANL) is conducting laboratory
tests using a nonradioactive homologue of this target glass. (The fully radioactive
glass will be tested at ANL when that glass becomes available.) The glass being
tested is referred to as West Valley Reference 6 (WV6) glass. The results of tests
performed with WV6 glass will provide valuable insight regarding the corrosion
behavior of the fully radicactive glass, since a more complete analysis of the
corrosion behavior of nonradioactive WV6 glass will be possible. These tests are
being performed under a range of conditions to demonstrate the performance of
the glass produced by WVDP for disposal in a federal repository.

The long-term durability of vitrified waste forms emplaced in a repository can
only be projected based on a mechanistic understanding of the corrosion process,
which must be deduced from the results of short-term laboratory tests. Previous
studies have shown that glass corrosion occurs in three stages, which depend on
the solution chemistry. Stage I occurs under conditions in which solution
concentrations of dissolved glass components are very low and the glass reacts at
a characteristic forward rate that is unique to the glass composition, temperature,
and solution pH. Stage II occurs as the concentrations of glass components in the




contacting fluid increase, and the glass corrosion slows to a rate that may become
immeasurably low. Stage III occurs as secondary mineral phases precipitate from
the fluid and lower the activities of species which affect the glass corrosion rate.
Depending on which secondary phases form, glass corrosion may proceed at a
rate similar to the low rate attained in Stage II or may be accelerated to a rate
similar to that observed during Stage I. The rate of glass corrosion in Stage II1
will be controlled primarily by the chemistry of the solution in equilibrium with
the assemblage of secondary phases that form.

The assemblage of these secondary phases depends in large part on the
composition of the glass because corrosion of the glass supplies material to the
fluid from which the secondary phases precipitate. For that reason and because
specific phases that nucleate cannot be predicted a priori, laboratory tests are
needed to determine which phases form and how the formation of these phases
affects the glass corrosion rate. Completely describing glass stability requires that
the corrosion behavior of a glass be characterized by tests that access the three
different corrosion stages. Once the corrosion behavior of the glass is known, it
can be related to anticipated storage conditions.

EXPERIMENTAL

Laboratory tests were conducted to provide information regarding the corrosion
behavior of WV6 glass at all stages of the corrosion process, i.e., when the rate is
controlled by the intrinsic durability of the glass, the accumulation of glass
corrosion products in solution, or secondary phases. Tests were conducted under
conditions that highlighted the corrosion behavior in the three different corrosion
stages: short-term MCC-1 tests [1] to maintain dilute solutions, long-term PCT -
type tests [2] to generate highly concentrated solutions, and vapor hydration tests
[3] to promote secondary phase formation. The test matrix is summarized in
Table 1. The PCT tests were conducted in deionized water for 7 days to compare
the durability of WV6 glass to other reference glasses. All other tests were
conducted to characterize glass corrosion behavior, most in duplicate. Tests at
20,000 m-1 were conducted using two size fractions of crushed glass. The extent
of corrosion in the MCC-1 and PCT tests is quantified by using the normalized
mass loss (NL) of the glass based on soluble glass components.

The vapor hydration tests were conducted following a procedure developed at
Argonne National Laboratory. Tests were conducted at 200°C to accelerate the
corrosion. While glass will not be exposed to water vapor at 200°C in the
repository, glass corrosion in VHT tests at high temperatures has been shown to
simulate corrosion at lower temperatures.

The WV6 glass used in testing was supplied by Catholic University of America;
the composition is given in Table 2. Deionized water was used as the leachant in
7-day PCT and vapor hydration tests. All other tests employed a leachant
prepared by reacting crushed Topopah Springs tuff with water from well J-13 of
the Nevada Test Site for 28 days at 90°C. The composition and pH of the
resulting solution (referred to as EJ-13 water) are given in Table 3.




Table I. Summary of Test Matrix

Test Type S/va Temp °C  Sample Leachant  Reaction Times, days

MCC-1 10 90 monolith EJ-13 3,7, 14,91, 182, 367
PCT 2000 90 -100+4200b DIW 7

PCT 2000 90 -100+4200  EJ-13 7,30, 70, TBDS

PCT 20,000 90 -1004200  EJ-13 56,98, 182,367, TBD
PCT 20,000 90 2004325  EJ-13 56, 98, 182,367, TBD
Vapor 200 monolith DIW 7,12, 14,21, 28, 35,
Hydration 55,63

2 Glass surface area/solution volume, in m-1.
b Mesh size fraction of crushed glass.
€ TBD = Reaction Time "to be Determined," tests in progress.

Table ll. Composition of WV6 Glass?, in Oxide wt%

Oxide wt% Oxide wt% Oxide wt%
Al203 6.00 Li20 3.71 SO3 0.23
B203 12.89 MgO 0.89 Si02 40.98
BaO 0.16 MnO2 1.01 Sm203 0.03
C20 0.48 Mo0O3 0.04 SrO 0.02
CeO2 0.16 Na20 8.00 ThO2 3.56
G0 0.02 Nd203 0.14 TiO2 0.80
Cr203 0.14 NiO 0.25 uo2 0.59
Cs20 0.08 P205 1.20 Y203 0.02
Cw 0.03 PdO 0.03 Zn0 0.02
Fe203 12.02 Pre0O11 0.04 ZrOp 1.32
K20 5.00 RhO2 0.02

Lap03 0.04 RuO2 0.08 Total 100.00

2Glass composition as provided by The Catholic University of America

Table Hll. Analyzed Composition of EJ-13 Water, in ppm.

Al 1.41 K 5.88 Na 47.5
B 0.23 Li 0.057 Si 41.1
Ca 3.2 Mg 0.035

Fe 0.137 Mn 0.1 pH 9.2




Analysis of unreacted polished disk samples revealed the presénce of primary
phases containing Ru and Fe, or Fe, Cr, Mn, and Ni. Iron spinels and ruthenium
oxide have been observed to be present in a similar glass [4].

RESULTS AND DISCUSSION
MCC-1 Tests in EJ-13

The MCC-1 tests were conducted with WV6 glass in EJ-13 water for periods of 3,
7, and 14 days. The leachate solution concentrations of key glass components
were used to determine the initial corrosion rate. The concentrations of all glass
components after 3, 7, and 14 days of corrosion were only slightly above their
concentrations in the EJ-13 water. The normalized mass loss values based on
boron, NL(B), after 3, 7, and 14 days were all about 0.07 g/m2, corresponding to
corrosion rates of about 0.02, 0.01, and 0.005 g/im?2/d, respectively. The MCC-1
test run for 91 days had NI(B) values of 0.28 g/m2 (overall corrosion rate of
about 0.003 g/m2/d). For comparison, the WV-205 glass had a measured

- corrosion rate of about 0.6 g/m2/d in deionized water over 28 days in an MCC-1
test [S]. These results suggest that silicic acid present in the EJ-13 or released as
the glass corrodes slows the corrosion relative to similar tests in deionized water.

PCT Tests in Deionized Water

The PCT test has been used to study a wide range of waste forms and compare the
performance of glasses having different compositions. Replicate PCT tests
conducted in deionized water for 7 days gave an average NL(B) value of about
0.3 g/m2 for WV6. For comparison, the reported NL(B) values in PCT tests are
0.4 g/m2 for SRL 202, a reference glass for the Defense Waste Processing Facility
(DWPF) [6]; about 5 g/m2 for the DWPF Environmental Assessment glass [7];

and about 0.4 g/m?2 for HW-39 glass, a reference glass for the Hanford Waste
Vitrification Plant (HWVP) [8]. Thus, the WV6 glass has a slightly lower release
after seven days than these reference glasses for the DWPF and the HWVP.

PCT Tests in EJ-13

The solution concentrations of major glass components in tests conducted at S/V

ratios of 2000 and 20,000 m-! with crushed glass of the -100+200 and -200+325
mesh size fractions are presented in Fig. 1 as the normalized mass losses as a
function of the reaction time. The results show alkali metals and boron to be
released faster than silicon; uranium and silicon are released stoichiometrically.
All solution concentrations increase with the reaction time; this indicates that the
solutions have not become saturated. The similarity in the results of tests
conducted at 20,000 m-! with both size fractions of crushed glass indicates no
significant effect of particle size. Curves drawn through the boron data show the
trend with respect to reaction time, but do not represent regressed fits to the data.
The build up of corrosion products in the solution slows the corrosion at all S/V.




In modeling glass durability, the silicic acid concentration is usually assumed to
control the corrosion rate [9], and the maximum (or "saturation") silicic acid
concentration is a key model parameter. The total silica concentrations measured
in these tests are plotted in Fig. 2. Note that the silica concentration (1) increases
with time except in tests at 10 m-! , (2) increases with the S/V, (3) is the same in
tests at 20,000 m-1 with -100+200 and -200+325 mesh glass, and (4) remains
constant in tests at 10 m-! at a concentration slightly above that in the EJ-13
water. The increase in the silica concentration with S/V is probably tied to the
increase in the solution pH; the average pH values of the 367 day tests are 9.2,
10.3, and 10.4 for S/V ratios of 10, 2000, and (both size fractions) 20,000 m-1.
These data indicate that the pH 9.2 solutions in the tests at 10 m-! are saturated
but the pH 10.3 and 10.4 solutions in the tests at 2000 and 20,000 m-! are not.

Solids Analysis

Corrosion in PCT tests results in a slight alteration of the glass surface. Scanning
electron microscopy of reacted glass particles showed the surface to attain a
chain-mail appearance similar to that seen on other glasses during the formation
of smectite clays. Analysis of cross-sectioned surfaces using analytical electron
microscopy revealed the presence of thin strands of clay-like material that form
the alteration layer, as shown in Fig. 3. The composition and lattice spacings are
consistent with smectite clay.

Corrosion in vapor hydration tests at 200°C generated an alkali-depleted surface
layer that transforms into smectite clay. Also, a variety of secondary mineral
phases precipitated from the fluid and condensed on the sample during the test. A
photomicrograph of the thick layer formed on the surface of one of the samples
reacted for 28 days is shown in Fig. 4. The dark region at the top of the photo is
the mounting epoxy and the region at the bottom of the photo is the unreacted

glass. The clay layer is approximately 53 pm thick. Several secondary mineral
phases can be seen at the outer surface of the layer. Iron and ruthenium-
containing inclusion phases can be seen both in the unreacted glass and in the
layer. The similarity of their distribution in the layer and the glass confirms that
the clay layer is formed by in situ transformation of the alkali-depleted glass,
while the observation that secondary minerals form on the outer surface indicates
that they had precipitated from the fluid.

A key piece of information provided by the vapor hydration tests is identification
of secondary phases that form as the glass corrodes. Several phases formed
during corrosion of the WV6 glass. The morphology and compositions of most
phases are identical to those formed on other WVDP reference glasses [9]. These
include analcime, an unidentified zeolite orthoclase (potassium feldspar), lithium
phosphate, and weeksite. Since the ability of the phases to sequester radio-
nuclides will depend on their composition, identification of the secondary phases
that form is important for projecting the disposition of released radionuclides.
Photomicrographs of some secondary phases are shown in Fig 5.




CONCLUSIONS

Laboratory tests are being used to measure corrosion characteristics of WV6
glass. Static leach tests at 90°C have been used to measure the corrosion rate in a
tuff groundwater solutions under conditions where the solution either remains
dilute or becomes concentrated with glass corrosion products. The highest

measured rate under dilute conditions was about 0.02 g/m2/d. The rate decreased
as the solutions became more concentrated with corrosion products. Vapor
hydration tests at high temperatures (200°C) demonstrated that the glass will
devitrify to generate various secondary phases. These phases will affect both the
glass corrosion rate and the disposition of glass and waste components. Corrosion
under PCT test conditions at high S/V should also reach Stage III, although the
reaction time that is required for this to occur cannot be predicted.
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Figure 2. Silica Concentration vs.
Time for Tests at (@) 10 m-1,

() 2000 m 1, (4) 20,000 m-1 with
-100+200 mesh, and (&) 20,000 m-1
with -200+325 mesh glass. The
results of duplicate tests are plotted.
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Figure 3. Photomicrograph of

Sample from Test at 20,000 m-1

with -100+200 Mesh Glass Reacted
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Figure 4. Photomicrograph of Cross-section of Vapor Hydrated WV 6 Glass
(200°C for 28 days) Showing Alteration of Glass and Secondary Phases

Zeolite

Analcime

Figure 5. Photomicrographs of Secondary Phases Formed on Vapor Hydrated
WV6 Glass (200°C for 28 days)




