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ABSTRACT D E 8 5 00277 2

Increased confidence i s provided to the ex t rapo la t i on of l o n g - t e r n
waste form behavior by comparing the a l t e r a t i o n of exper imenta l ly aged
natura l b a s a l t i c glass to the cond i t ion of the same glass as i t has been
geo log i ca l l y aged. The s i m i l a r i t y between the labora tory and geologic V
alterations indicates that important aging variables have been identif ied
and incorporated into the laboratory experiments. This provides credibi l i ty
to the long-term predictions made for waste form borosilicate glasses using
similar experimental procedures. In addition, these experiments have
demonstrated that the aging processes for natural basaltic glass are
relevant to the alteration of nuclear waste glasses, as both appear to
react via similar processes.

The i'lt-rration of a synthetic basaltic glsss was measured in MCC-1
tests done at 90"C, a SA/V of 0.1 cm"1 and tine periods up to 1C2 days.
Tests were- also done usiv.g (1) MCC-2 procedures at 190°C, a SA/V of 0.1 cm"1

and time periods up to c.l days and (?) hyc1.ration tests in saturated water
vapor at 2-Ci".. a SA/V of ^10° cr,'1"-. and tii-!<j p-ariods up to 63 days.
These results ere compared to alteration observed in natural basalty
glasses of groat age.

INTRODUCTION

One -important aspect of the evaluation of nuclear waste form behavior
i s the extrapolation of snort- tern laboratory experiments (usually less
than one year; to Ion:; periods of c-oolo.ric tir.it: (greater than 10,000
years). Trie extrapolation requires accurate experimental measurements of
the k inet ics vf corrosion and the iden t i f i ca t ion of a l l back-reactions.
In addi t ion, i t must Le possible to ver i fy the long-term va l i d i t y of the
extrapolated reactions. I t has been suggested tl».it basalt ic glasses
(SiO2 = «•£ to 50 wt %) and borosi ncate"waste glasses (Si02 =40 to 50 wt %)
are simi lar in thei r dissolut ion rates and mechanisms, as the SiO2 content
of glass has tweri shown to have an important e f fec t on glass/water reactions
[ 1 , 2 , 3 ] . In tin'*: paper, we present 3 physical and chemical descript ion of
the a l te ra t ion products of natural ly reacted be. sa'I t i c glasses as a function
of the i r age and geologic environment. These resul ts are then compared to
basal t ic glass aged 'r/ laboratory hydration end leaching experiments.
Add i t iona l ly , the corrosion behavior or basalt<c glasses and waste form
borosilicct'te glasses is conipared. The results can be used to model the
long-term oxtrapolat i rn of radioni;;;lidf? rc-'ieasf. [ 3 ] .

EXPERIMENTAL

The i n i t i a l f i e l d e f f o r t has been to obtain detai led information on
natural basalt ic glasses that can be used as nuclear waste analogues in
accelerated tes t ing. Samples collected include nonreacted glass and glass
that has been altered under various conditions ( e . g . , by steam, hydro-
thermal, and lower temperature environments).
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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.



The thrust of experimentation has been 1) to simulate in the laboratory
those reactions observed to have occurred in nature arid 2) compare the
behavior of nuclear waste glass and natural glass by subjecting unreacted
nuclear waste glass to the same laboratory ( i . e . , accelerated) conditions
as unreacted simulated natural glass.

Accelerated testing was done using a Hawaiian basaltic glass and
SRL 131 defense waste borosilicate glass. The composition of each is given
in Table I . The natural Hawaiian sample was chosen because of i ts rela-
t ively young age and documented history. Preliminary testing on the
Hawaiian glass with 2.5 wt % Ka2O under strenuous conditions (7 days
Q 240cC) indicated that l i t t l e alteration occurred. Therefore, a glass
with a higher Na20 content (4.5 wt ) was used which can s t i l l be con-
sidered representative of a natural Hawaiian basalt. Aging of SRL 131
borosilicate waste glass by water vapor saturation has been reported
previously [4,5] ,

Hydrothermal dissolution tests in deionized d is t i l led water were used
in the laboratory to accelerate alteration of the synthetic basaltic glass.
The alteration of the synthetic basaltic glass was measured in MCC-1 tests
at 90°C and MCC-2 tests at 190°C, a SA/V of 0.1 cw"1, and tine periods up
to 182 days, llydration tests were also completed in saturated water vapor
at 240°C, a SA/V of ^106 cm"1, and tine periods up to 63 days, liydration
tests have been shown as a way of accelerating alteration product formation
witiiouc cliringing the reaction mechanism [4,5,6], thus this is a good v;ay to
demonstrate the similarity between waste glass and natural glass alteration.

The identit ication of alteration products and chemical characterization
of the reaction layer were done using a combination of instrumental tecn-
m'cjucs whicn include electron microprobe analysis, scanning electron
microscopy.,;.energy dispersive x-ray analysis, and x-ray di f f ract ion.

Table I . Composition (wt %) of
Synthetic Basaltic
Glass and Savannah
River Laboratory Waste
Glass

SiO2
TiO2

A12O3
Fe203

MnO
MgO
CaO
Na20
K2O
B203
Li2O
KiO
ZrO3
La203

Total

Basaltic
Glass

52.6
1.8

10.8
13.0
0.1
12.3
4.4
4.5
0.6
-
-
-
-

100.1

SRL 131

44.0
0.7
3.5

14.3
3.1
1.6
1.4

13.7
-

10.9
4.2
1.8
0.4
0.4

100.0

Analysis by EDS.



RESULTS AND DISCUSSION

The a l te ra t ion of basaltic glasses in nature proceeds by a hydrolyt ic
d isso lu t ion/ reprec ip i ta t ion tnechanisn which results in the formation of
well defined surface layers. These a l tera t ion rinds generally are i ron- r ich
aluminosi l icate gels (palagonite) which are depleted in a lka l i s and alkal ine
earths re la t ive to parent glass. The precise composition depends on
properties of the aqueous solution ( e .g . , proportions of dissolved cations,
pH, e t c . ) .

A l l the natural samples exhib i t rinds of a l terat ion products which
pseudcmorphically replace the glass from the outer surface inward. The
layer is usually isotropic or weaky anisotropic, yellow to orange (con-
t ras t ing with brown glass), and often has a laminated appearance with
indiv idual layers having submicron to tens of micron thicknesses.

Glass a l terat ion is often accompanied by the precip i tat ion of au th i -
genic cements ( e . g . , zeol i tes, clay minerals, ca l c i t e , opaline s i l i ca ) as
shown in Figure 1 , a consequence of the interdependence between solution
composition and progressive hydrolysis. Commonly there is a par t ia l
replacement of tin's apparently amorphous layer by smectite clay or ch lo r i t e .
The glass next to the a l terat ion r ind is typ ica l l y dissolut ion p i t t ed .
Authigenic cements in the Br i t i sh Columbia hyaloclasti tes include ca l c i t e ,
chabazite, p h i l l i p s i t e , analcirne, i ron- r ich smectites, and some iron
oxy-hydroxides.

Electron microprobe analyses of natural glasses and corresponding
pseudomorphic a l tera t ion layers were dene for the major elements. Figures 2
and 3 i l l u s t r a t e general features and trcrds of seven elements for glasses
from d i f fe rent environments. With few exceptions, ?iO?, ligO, er.c! CaO are
nearly always depleted in the r ind re la t ive to correspending glass. The
amorphous a l te ra t ion rinds are primari ly i ron- r ich ' ?.U'.ninosi 11 cat&s with
A1203 concentration not changing much ,frorr>."y'ias-i-' to the r i nd . TiO2 is
retained in the a l tera t ion r ind during hydrolysis of the glass, Al terat ion
rinds in the oceanic dredge samples nearly 'isSways'..are s ign i f i can t ly omichec
in iron re la t ive to their glass progeni tors As cotiperod to sub.Aerially or
fresh-water al tered samples, the dredge suir:>le A l terat ion ' r inds have
retained a lka l i s (Na and K) during ..hydrolysis. .

The type and extent of synthetic 'basal t i c qlz::s hydration vut, studied
by analyzing the a l tera t ion products and kinet ics of a l terat ion l?.yer
formation as a resu l t of reaction in a saturated water vapo> environment.
The a l te ra t ion process can be characterized for the basalt ic class by
i n i t i a l formation of analcime, followed by the formation of ^ y r o l i t e ,
montniori l lonite, vermicul i te, and tqberaoreite .('see Figure 4 ) . The
layer is depleted in Na and s l i gh t l y depleted in Al re la t ive to the parent
glass. Mg is enriched in the layer re la t ive to the bulk glass. Ti is
re la t i ve ly unaffected.

Natural glass a l tera t ion was also studied via leach tes t ing . Because
of the extended time required to reach solution saturat ion, the HCOtype
tests did not achieve as great a degree of aging as the hydration tests but
a l te ra t ion of the glass to the clay mineral vermicuii te is observed. These
tests provide an indicat ion that processes that a l to r basalt ic glass in the
natural environment have, to date, been part ly reproduced in the laboratory.

The relat ionship between natural class and nucTear waste glass a l te ra-
t ion can be investigated by comparing the hydration process for each glass.
The surface a l tera t ion of defense waste borosi l icate glass can be charac-
ter ized by i n i t i a l formation of analcime, followed by the formation of
gy ro l i t e , calcium s i l i c a t e s , montmoril lonite and tobermorite [ 4 , 5 ] . The
behavior of elements in the hydration layer of the defense waste glass is
very s imi lar to that of the natural basalt ic glass. The correspondence in
the a l tera t ion products between laboratory-aged natural glass and boro-
s i l i c a t e waste glass can be seen in Figures 4 and 5.
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Figure 1. (a) Scanning electron images of zeolites in a fresh water altered hyaloclastite
from Dritish Columbia (Sample TBI). The prisnatic forms are phillipsite.
Magnification 170X (upper) and 850X (lower). The 50 micron scale bar applies
to the upper image, (b) Scanning electron image of clay mineralization asso-
ciated with an altered, glass pillow basalt rin from the Icelandic Shelf
(sample USKM 113432-24). Magnification: 5.2000X.
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Figure 2. SiC^-A^O-FeO Weight Percent Variation Diagram Plotting tiie
Microprobe Analyses of Alteration Rinds and Associated Glosses.

The kinetics, of hydration layer formation of SRL 131 defense glacs are
initially t1/2 during analcime formation and then accelerated during
tobermorite fornetioti [.]. The kinetics of hydration layer formation of
basaltic ulazs ars t ^ ' (see Fig. 6) for the period studied (up to 63
days) but about five times slower than that of the relatively sodiun-rich
defense glass. i;o ureak was noted in the kinetics of hydration of basaltic
glass as observed for defense borosilicate glass.

The similar:ty of the reaction processes between basaltic and defense
glasses are roriarkable, considering the significant compositional dif-
ferences in the ylass types. These compositional differences account for
the differences in the reaction rates (less Na in basaltic glass decreases
the rate) and in the fact that no tobemorite acceleration of the reaction
process has yet been observed (different Ca concentration in the glass and
in the reaction layer).

CONCLUSIONS

The initial effort in this program has provided a well-documented
collection of basaltic glasses with their respective palagonites formed in
diverse geologic environments and over a wide range of geologic ages. As a
result of geocher.iical alteration, all of the glasses form a conspicuous
alteration rind. These rinds (palagonites) display diverse chemistries
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Figure 3. (Nâ Oi-KgO/'-CaO-MgO Weight Percent Variation Diagram Plotting tr-a
Microprobe Analyses of Alteration Rinds and Associated Classes.

defending on th^; geologic conditions of alteration; but is some cases, they
show a striking resemblance to the surface layers formed on experimentally
altered borosilicate glasses. These physical and chemical similarit ies
provide additional support for the idea that basaltic glasses are good
analogues for the long-term alteration of borosilicate glasses may tn.j used
to verify release codes used to evaluate the long-term stabi l i ty of bore-
si l icate glass waste forms.

The similarity of the reaction processes between basaltc and defense
glasses sre remarkable, considering the significant compositional di f -
ferences in the glass types. The same alteration products form on both
glasses and the reaction kinetics are i n i t i a l l y both t 1 ' 2 . The similarity
between the hydr"<tion aging of basalt glass and defense glass is ciosc?
enough to sugget that similar processes control the aging/alteration of
both glasses.

Future studies wi l l require: (1) the detailed characterization of
alteration products on well-documented basaltic glasses from known geologic
environments and of known age, (2) laboratory experiments designed to
simulate those long-term effects, (3) parallel experiments on borosilicate
glass waste forms, and (4) the incorporation of these data into release
codes for verif ication of the long-term predicted stabi l i ty of borosilicate
glass waste forms.



Figure 4. Scanning electron images of analcirce, gyrolites and clay
.mineralization surface covering of a synthetic basaltic gla^s
hydra ted in saturated water vapor conditions. Micron inarker
represents 10 utn. Magnification: 450X.
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Figure 5. Scanning electron images of analcimes, calcium silicates and
clay mineralization surface covering of SRL 131 borosilicate
waste glass hydrated in saturated water vapor conditions.
Micron rcarker represents 10 pro. Magnification: 260X.
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Figure 6. L'ydration Kinet ics of Laboratory Basal t ic Glass
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