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Introduction

For permanent disposal of the large quantities of mildly contaminated waste

liquid metals (primarily sodium) used as coolants in nuclear reactors, and currently

stored at different DOE sites, it is necessary to convert the metal to a stable and

environmentally acceptable disposable form at minimum cost. Work on air oxida-

tion of sodium done by Mine Safety and Appliances, Inc. (MSA) in 19801 showed

the feasibility of converting the metal to its oxides. The present study investigated

the development of an integrated sodium burn-glass formation process to convert

waste sodium to a disposable glass form.

Description

The process investigated involves the rapid mixing of liquid sodium with silica

sand (perhaps along with other additives to impart the desired mechanical and

chemical integrity to the glass) and air oxygen in a high temperature cyclone-type

reactor. The sodium disilicate glass is formed in the reactor and separated from

the off gas by the cyclone action. The oxidation of liquid sodium with air oxygen

had been demonstrated in the earlier MSA work. In the present study we examined

the process components required to integrate the air oxidation of the sodium with

the reaction of the product sodium oxide with silica to form a glass, and means

to combine the sodium oxidation and the glass formation into a single step. The

developmental effort consisted of several tasks including: selecting appropriate glass

forms for the waste metal; determining process parameters and reaction conditions

required to produce the selected glass forms; projducing sample glasses of selected
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compositions for aqueous leaching tests; designing a conceptual process for waste

metal conversion; and identifying a commercial organization to carry the process to

full scale operation.

Result B

As shown by differential thermal analysis (DTA), Figure 1, for a 1:1:0.1 molar

mixture of sodium oxide, silicon dioxide, and magnesium oxide, the primary glass

forming reactions occur at less than 300°C. For a variety of mixtures of soda,

silica, magnesia, and calcia, DTA tests shed that the glass forming reactions occur

below 300°C, and, at least for the well mixed samples used in DTA tests, there

were no additional thermal effects as the temperature was raised to 1260°C. Thus

for this reactive glass formation, the reaction was was completed at a relatively low

temperature and in a short time. Preliminary leachability tests on sodium disilicate

glasses showed relatively high rates of dissolution at room temperature, indicating

the need for calcia, magnesia, alumina, or other additives to the glass. A conceptual

process for waste sodium conversion was developed, incorporating a low-g, low-

pressure drop, high-temperature cyclone. Figure 2 shows a schematic diagram of the

cyclone reactor design along with an idealized matsrial balance for the conversion

of sodium to the sodium disilicate glass. Discussions with MSA have indicated that

they would be interested in participating in a prototype demonstration system to

convert sodium to glass at a nominal rate of 100 lb/h. Thus, development of an

integrated one-step process for treatment and disposal of reactive sodium appears

both feasible and practical.
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Fig. 2. Schematic of Cyclone Reactor Design



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 responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, 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 Stales Government or any agency thereof.


