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n_ITI_ODU_YI'ION

The Materials _terface _nteractlons Tests or _ is the laxgest in,situ testing
program in progress, _olvfng burial of many stmu_ted nuclear waste systems
and accomp_g package components. This international cooperative
program Is _ssed elsewhere [I-6] _ is Lhc subject of other papers at
Symposium.

In MI/T, waste glass samples were fabricated into the shape of 'pineapple slices!,
polished on one side. Proposed package components were also made into a
s_ configuration and the various glasses, metals, and geologic samples
were then stacked onto heater elements within Teflon assemblies. This

produced interactions of interest by creating glass/_ass, glass/salt, and
glasslmetal interfaces. Since the outer diameter of the metal was smaller than
the outer diameter of the glass, a lip was created which also produced a
glassfliquid interface, which wasaLso stu_ed.

Overall. a total of 50 stacks or assemblies of pineapple stices were created tn
seven dtJ_erent stacking arrangements. Each individual assembly was then
installed in an instrumented borehole at _P, Brine was then added to most of
the boreholes and the assemblies heated and maintained at 90°C. This was

achieved by energizing the central hea_ rod that traversed through the middle
opening of each of the pineapple slices m each assembly. Due to the design of
these units, glass, metal and geologic s_ples could be removed at time intervals
of 6 mos., I year, 2 years, and 5 years. Currently, all but the 5 year samples have
been removed from test and are being evaluated in laboratories of MIIT
participants.

Many studies have been performed and many others are stlB in progress on the 6
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mo., 1 year, arld 2 year samples. These investigatlons are being conducted in
eight countries .and: a variety of federal, naUonal and university laboratories in
the U'.S. Some resul_ have been presented and dcctmnented in a special
workshop In Cadarache, France: sponsored by the Commission of Em'opean
CommuniUes rT], a session on _ at the Fou_ InternaUonal Symposium on

. Ceramics in, Nuclear Waste Management, sponsored by the American Ceramic
Society [8], and in other naUonal and mternational forums.

The primmy objectives of the present study are two-fold:

(I} to examine glass/metal interfaces ofSRL Y (165/TDS)waste glass with
metal canister and overpack mate_, and to determine what effect these
metals have on leaching of the SRL waste glass and

(2) to assess the corrosion behavior of the me_ systems used In MI/r, which
represent potential ca_tister or overpack mate_.

Glass mmlyses were performed usLng Optical Microscopy (OM}, Sc_
Electron Microscopy [SEM] with complementary Energy Dispersive X-rays

' [EDX], Wide-Angle X-ray Diffraction, Fourier Trar_brm Irffrared Reflect_rl
Spectroscopy (_-IRRS} and Secondary Ion Mass Spectroscopy. For the present
study, SEM/EDX resu_ of glass/metal interfaces _ be emphasized and
correlated to similar analyses performed on the same waste glass system tested
in the absence of metal. [8]

Metal _s were performed u_ standard metallurgical techniques.
Changes in microstructure _ be reported along with weight loss studies and
microhardness _vestigatlons.

SUMMARY

• There was no significant effect observed on leaching of SRL Y waste glass due to
i the presence of 304L S.S., the reference Defense Waste Processing Facility

(DWPF} waste glass and canister material.
• There were also no large effects observed on the leaching of SRL Y waste glass
when leached in the presence of other metal systems,
• Leached glass layers were characterized by two regions; a precipitated layer
and an interaction zone. The depths of these regions were seen to increase with
increasing tln'_.However, the rate ofincrease of the thickness ofthe
interaction zone decrease with increasing time.
• Interaction zones, which provide a measure of glass interaction and leaching,
indicated that the SRL Y waste glass interacted only a very small amount with
surroundir_ brine and salt geology [ <I-2 _], even after being in test at WIPP for 2
years at 90°C.
• Metal systems such as TICode- 12, Inconel 625, and copper, and 304L stainless
steel, exhibited generally good corrosion resistance, while other metals such as
A216 and lead, corroded very significantly and 'stuck' or 'fused' to adjacent glass.

EXPERIMENTAL PROCEDURES

" m _ ...... Irll ..... _rlll ' '



_RL Waste Glas_

There are _een glass or waste glass compositions and over 1000 waste form
samples in the MIIITprogram. One of these compositions is 165fTDS waste
glass, designated' SRL Y, which is a reference Defense Waste Processing Facility
[DWPF) composition for the Savannah River Site (Table I]. In the current effort,
six SRL Y waste glass samples m contact with potential canister or overpack
metals were studied. The first group of samples represent a time dependent study
involving SRL Y/304L S.S. interactions after burial for 6 months, I and 2 years.
The rema_g samples involve other metal/glass interactions _uated a_er
2-yrs. of testix_ and include SRL Y/TICode- 12, SRL Y/A216 carbon .steel, and
SRL Y/lead.

Table I, Composition of SRLY Glass [165/TDS]

¢OMPONE_ WT, % COMPONENTS WT,. %

SiO2 54.1 MnO2 2.9
Na20 10.3 A1203 4. I
B2C_ 6.8 NiO 0.9
LI20 4.7 CaO 1.5
MgO 0.8 CsNO3 G,I
ZrO2 1.2 Sr_NO2J2 0. I
Fe203 12.3

A representaUve MIIT assembly involving glass/metal interactions is shown
schematlc_ in Figure I, along with an enlarged and mort detailed view of one
of the four sub-assemblies in Fign_ 2. Samples in the currgnt study were
obt_ed from similar units, After the assemblies were removed from test at
WIPP, the pineapple slices were cut into I/8 wedges and studied in :the
laboratory. Four of the wedges were analyzed using a variety of analytical
techniques as described elsewhere [8], while the rest of the pineapple slice was
stored as a library sample. A I/8 wedge or smaller was _ m the present
study.

In order to assess the behavior of leached MIIT glasses, an integrated study
approach is being used. This combines solution analyses with many detailed
surface and bulk studies. The various analytical tools being used, provide
different information on the composition or structure of elements of interest
within the leached glass surface layers. [9] In the present study, SEM/EDX
analyses were used to examine and characterize deposited salt precipitates,
leached glass surfaces, and overal/depths of leaching. The samples were
prepared for analyses by cutting into segments 1/8 of a slice or smallex, which
could then be easily mounted and studied m the SEM. Next, a carbon coating
was applied on the sample in order to minimize chargtr_ effects and improve
electrical conductWi W before examining it m the microscope. Thls method of
sample preparation was the least destructive to fragile surface layers that
formed during leaching.
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Once the sample was in the scanning electron microscope, _tructttres and
leached layers were photographed and morphological features studied. The
chemical composition of leached layers and interfaces of interest were then
examined by energy dispersive x-rays. This included exammaUon of two sides;
one side of the glass m contact with an adjacent gla ¢-_,and the other side of the
glass in contact with the adjacent metal. Since the outer diameter of the metal



°

smaller than the outer diameter of the glass, a lip was created whach
represented a glass/liquid Interface and this region also was studied. EDX was
performed over each of these surfaces and the chemistry of the glass/glass,
glass/metal, and glass/liquid interfaces defined. Additional spectra were
recorded on the cross-sectlon of the glass, traveling from the outermost leached
surfaces to the pristine bulk glass. _ 3)
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Figure 3. Cross-Sectional View of GLassand Metal Wedges

_etal SamDies

Eleven metal samples of potential canister and overpack materials are being
evaluated as part of this study. These included (I) ASTM Grade- 12 Titanium
[TICode 12]_ with and without welds, 121304L Stainless Steel, with and without
welds, (31 Lead, (41 Cast Mild Steel [ASTM A216/Grade WCA], with and without
welds, (5) Inconel 625, with and without welds, (6) Copper (7) ASTM Grade-2
Titanium (chemically pure), {8) NS24/AIS! 309 Stainless Steel, (9) 316 Stainless
Steel, (I0) Hastelloy C4, and (11) Belgian Carbon Steel (BeI-C). In addition to
these metals, Inconel 600, Inconel 625, and Incoloy 800 were also part of the test
matrix since they are the materlals of construction for much of the hardware
used m the experiments.

Metallurgical exammaUons of MITTmetal samples were performed at Sandia
National Laboratories. Before the metals were studied, they were rinsed in
de.ionlzed water to remove outermost salt deposits, dried and then
photographed. If significant corrosion products were present, they too were
armlyTed concurrently. ASTM cleaning pr_>cedures were used to remove the

, oxicl_ surface layers. The metal samples were then visually evaluated for
both uniform and localized attack and weighed, to determine weight loss due to
corrosion. Selected samples were also cross-sectioned and examined in more
detail and compared to the control specimens. (10)

RESULTS

............ •............... iiii ii ...............
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Mlcrostructural tnvestlgaUorm of glass surfaces In contact with a variety of
me tais show that these metals, in general, have Little significant effect on glass
performance. In _ 4. a cross-sectional view of a g_ass/glass Interface of SRI,
Y glass buried ha contact with Type 304L stainless steel ha 0/IPP for two years at
90_C Is shown, along with accompanyhag EDX profiles. A magneslum-rlch salt
prt_pitate ts noted on the glass surface, wlth magnesium enriched in the
outermost surface of the glass but rapidly _hlng as the bulk glass ts
quickly approached.
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Figure 4. Cr_s-Section Analysis of SRL Y Glass

Leached glass layers were characterized by two general regions for all glasses
analyzed In the MI/I" program. "I_lis observation was noted for glasses Lu
contact with metal systems as well as glasses buried m the absence of metals. [8]
The first or outermost zone is the precipitated or depcylited layer, called a, mad



composed of precipitated salt phases from the surrounding brine and salt
geology, The next region is located under the precipitated layer and is referred to
as the interaction zone or [3. This reglon represents the actual leaching of the
glass and is proportional to the total amount of interaction or corrosion that
occurred. These layers are then followed by the pristine or unreacted glass, The
depth at which the unchanged glass begins repnments the maximum depth or
upper limit of leaching. More detailed characterlzaUon and quantitative depths
of leaching will be obtained by SIMS.

In Table 2 measured depths of precipitated layers and interaction zones for all
slx Mir/" samples are summarized, lt is noted that the metal systems studied
have no significant effect on waste glass leaching behavior in these field
experiments. In addition, the measured interaction depths are not only very
small, but the rate of growth of the interaction zone Increases inltially, between
times of 0. 6 mo. and I yr.. but then slows down aider longer time periods, oi"1 to
2 years.

Table 2, Observed 'Max4murrf Thickness of Interaction Zone [81

INTERACTION ZONE THICKNESS (pm)
[Timel

W_ C__ METAL 6Mo. IYr,

165/'I_S None <I 1-2 1-2

165/TDS 304L S.S. < I I-2 I-2
165/TDS TICode- 12 - I
165/TDS Lead I-2
165/TDS A2 16 < 1

In general, interactions occurring near the outer diameter of the glass pineapple slice
were sightly more extensiv¢ than those occurring near the inner diameter. The
interaction zone near the outer diameter ranged from < 1 to 2 microns, while near the
inner diameter, this zone ranged from < I to I micron.

Interaction zone measurements were consistent and provided a convenient,
semi-quanUtative means to assess glass leaching, while more quanUtative
measurements will be performed later by SIMS. The precipitated layer thicknesses,
however, were not constant and varied considerably. This was a result of the different
degrees of aecesslbfllty of the brine to glass surfaces and the varying amounts of salt
phases deposited, lt was aLso no_ed that this outermost precipitated salt layer was very
friable and subject to damage from handllng.

Ktml_ a mlm

About one-half of the Mitr metal systems have been analyzed to date. Among the most
important metals are TICode-12. considered as an overpack or canister mater_ for a
salt environment, and Type 304L stainless steel, the current reference canister material
for DWPF waste glass. Analyses of these metal systems, along with studies performed on
Inconel 625. copper. A216. and lead. are given below (I0.11):



The present study also shows advantages and 1LmitaUonsof metals proposed for canister
and overpack applications in potential geologic environments
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