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ANALYSIS OF DIFFERENT VITREOUS MATRICES OF THE BOROSILICATE TYPE
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INTRODUCTION

Presently, the Argentine Nuclear Plan (1) contemplates the
installation of four nuclear power plants, in addition to Atucha I
and Embalse, which are already in operation, before the end of the
present century.

These six NPPs will involve an installed capacity of 3.5 GWg.
The programme is based on natural uranium reactors and includes an
industrial plant for the production of heavy water, whose construc-
tion is already well-advanced, as well as all the necessary instal-
lations aimed at completing the fuel cycle, including plutonium
recycling.

Advanced studies are also being performed concerning the cons-
truction of a repository for the disposal of high-activity radio-
active wastes in a granitic rock formation, with the objective of
avoiding the occurrence of non-stochastic effects and of limiting
the probabllity of occurrence of stochastic effects, while collec-
tive detriment is reduced as far as it 1s reasonable.(2)

In order to reach these goals, the eliminated wastes must be
kept isolated from mankind for as long as it is necessary for the
original radioactivity to decay sufficiently.

Considering that, in order to limit the individual risk, the
container of these vitrified wastes must allow for an isolation of
an order of 1,000 years, while disregarding other engineering
barriers, several studies were performed ccncerning the capacity of
some vitreous matrices to retain a simulated composition of high
level wastes. Additionally, an analysis was made of the glass pro-
perties by means of evaluation techniques.

EXPERIMENTAL WORK PERFORMED

Preparation of Glass Containing Simulated Wastes

In a first step, the parent glasses were made, for their em-
ployment as frit in the final formulae. They were designed on the
basis of three prototype compositions and the final formula was
then analyzed after fritting. The various compositions are shown in
Table 1, These vitreous matrices, after their grinding and sieving
through a 120-mesh screen, were added 10% in weight of simulated
wastes., The composition of the latter is shown in Table 2. This is
a mixture of oxides that was obtained by denitration with for-
maldehyde and later drying and calcination at 700°C of a 6N nitric
solution of the various elements. The simulated waste glasses (fur-
ther on "waste glasses") were ellaborated in a muffle furnace at
1100°C for 8 hours inside ceramic crucibles.
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Table 1

Composition of the parent glasses
(in weight percentages)

Type Si02 B203 Al 203 CaO Na 20 Ti02 Fe 03
A 42,2 20.0 14.43 0.73 14,49 0.10 1.20

B 39. 4 22.0 14.90 8.67 8.58 0.10 0.22

c 49.7 12.4 2.23 3.62 25.72 k.70 0.30

Table 2
Composition of the simulated waste oxlides
(in weight percentages)

RuO2 6.89 La03 22.68 Sr0 2.45 Cr 203 0.71
BaO 4,42 MnO 2 2.00 TeO2 1.82 NiO 0.71
CeO2 7.95 MoO3 13.39 Zr02 13.18 P20s 6. 46
Cs 20 6.39 Rb20 0.99 Fe203 1.68 U0z 8.28

Leaching Resistance Test

The method applied consisted in treating a 2 gr sample of
ground glass, 1ts granulometry being between 0.297 and 0.595 screen
meshs, with 50 cm® distilled water at 98°C during one hour. The
assessment of alcalinity was performed by means of a potentiometric
titration with HC1 0.01 N. Additionally, a quantitative analysis
was made of the leachates resulting from tests performed on the
parent glasses. Table 3 shows the results obtained in the leaching

tests.
Table 3
Results of the leaching tests
Sample Parent glasses Waste glasses
HCl 0.01 N (em3/g) | meq/m2<h | HCl 0.01 N (cm3/g)| meq/m2-h
A 1.10 0.42 0.92 0.37
B 0.50 0.19 0.42 0.16
C 16.20 6.20 19.30 7.30

Table 4 shows the concentrations of the various parent glass
components found in the leachates.
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Table 4
Chemical analysis of the leachates
(ug/cm?)
Sample Na Ca Mg in* Al Fe* Si B
A 7 0.1 0.05 0 1.2 0 14 8.9
B 2 2.2 0.03 0 2.1 0 13 4.1
C 79 0.2 0 0 0.6 0 107 19.5

*¥ Results below the detection l1imits.

Differential thermal analysis

By means of thils technique and during the gradual heating of
the glasses, the endothermal and exothermal peaks were assessed,
corresponding with the transition and maximum crystal growth tempe-
ratures (Tg and Tk)(3,4). Each sample weighed 30 mg and a tempera-
ture of 900°C was reached at a speed of 10°C/min. The results ob-
tailned are shown in Table 5.

Table 5
Sample Tg (°C) Tk (°C)
A 560 710
B 590 750
c 530 850

X-ray diffraction

The diffractometric technique was applied on 400-mesh glass
powder, with K4gy radiation. The studies were performed on parent
and waste glasses and the crystalization degree of the various
samples was verified.

The parent glasses were annealed, their temperature was
rapidly lowered to 500° and then slowly lowered to room tempera-
ture, thus simulating the actual cooling of a container filled with
waste glass.

The simulated waste glasses were annealed at 700°C for 120
hours in order to attain their devitrification.

The diffraction results obtained from parent glasses show a
vitual amorphous condition, which 1is an indication of the actual
vitreous quality of the analyzed material before simulated waste
addition. The tests performed on the annealed waste glasses showed
marked devitrification, while it was detected that the magnitude of
this phenomenon is directly proportionate to the glass sodium con-
tent.
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EVALUATION OF THE RESULTS AND CONCLUSIONS

As 1t had already been assumed, the studies on the leaching
rate served to verify that there is a direct relation between this
parameter and the glass alkalli content. The samples that showed the
lowest leaching rate are those of the B type, whose Na,0 content is
also the lowest. There is also a direct relation between most of
the component concentrations in the parent glasses and those in the
leachates. The exception is boron, for which an inverse relation
was observed.

It was also noticed that the addition of simulated wastes to
the parent glasses does not modify substantially their solubility.
The X-ray diffraction tests showed that the samples with the lowest
crystallization tendency are the ones with the lowest alkali con-
tent and, in turn, those less liable to be leached. This is the
case of samples of the B type.

An inverse and almost linear relation was verified between the
transition temperatures, Tg, and the glass sodium content, as well
as between the former and viscosity.

An analysis of the results allows for detecting clear advan-
tages of sample B, as compared with samples A and C and, therefore,
future studies will be aimed at the qualification of vitreous com-
pounds similar to the B type.
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