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DISPOSAL OF RADIOACTIVE SODIUM WASTE

by

C. C. McPheeters and R. D. Wolson

ABSTRACT

Operation of liquid-metal-cooled fast breeder reactors (LMFBRs)
will result in production of various quantities of radioactive
sodium waste. Two methods have been developed and tested on a small
scale for converting this sodium waste to inert compounds suitable
for disposal. The first method is direct oxidation of the sodium
after dispersal in a silica matrix. The sodium is mixed with silica
and oxidized in a rotary drum reactor. The product is suitable for
making glass when other stabilizing compounds are added.

The second method is reaction of elemental sodium with molten
NaOH at 450*C and subsequent injection of steam into the melt to
convert the reaction products (Na20 and NaH) to additional NaOH.
The reactions are smooth and easily controlled with little danger
of run-away reactions. The end product is molten NaOH which can be
cast into drums for further treatment or disposal. The advantages
of these two methods over more conventional aqueous processes are
the elimination of aqueous wastes and the elimination or minimiza-
tion of gaseous effluents.

I. INTRODUCTION

Operation of liquid-metal-cooled fast breeder reactors (LMFBRs) results
in production of radioactive sodium waste. The sources of this waste sodium
include cold-trap disposition, maintenance operations, and fuel-reloading
operations. At the end of the useful life of the plant, the entire sodium
waste of the plant must be handled in such a way as to minimize its impact on
the environment and to minimize costs. It is clear that sodium that has been
exposed to the LMFBR core for a significant time cannot be handled casually
because of its fission-product and activation-product content. Among the
options available for disposal of this radioactive sodium, the most promising
are: (1) disposal in a permanent repository, (2) disposal in a land-fill burial
site, and (3) reuse in a new UMFBR plant. The choices among these options
depend on the activity level, the presence or absence of transuranics, and the
quantity of sodium involved. Option one could be suitable for small quantities
of sodium containing transuranics; option two, for small quantities of sodium
containing low levels of radioactivity but no transuranics; and option three,
for large quantities of sodium.

Large quantities of sodium that have become contaminated by means of
significant fuel-cooitnt interaction could be reused if the sodium were
decontaminated. In any decontamination operation (such as ref lux distillation),
a small volume of sodium remains that contains a high concentration of the
radioactive contaminants from the original sodium inventory. This small
quantity of sodium could then be disposed of in a permanent repository.
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Whether sodium is disposed of in a land fill or in a permanent repository, it
will be necessary to convert it to a nonmetallic, stable compound to prevent
its subsequent reaction with components in the environment. Various types of
glasses containing silica and sodium monoxide may be suitable as such stable
compounds. For example, the composition of ordinary window glass is 17% Na20,
6% CaO, 1% A1203, balance S102. The volume of this glass made from a given
mass of elemental sodium is approximately three times the original volume of
the sodium.

Ordinary window glass is not ideal for disposal of radioactive sodium from
the standpoint of leaching of fission products by water. However, other glass
compositions are being developed1 as candidate materials for encapsulation of
high-level wastes from fuel reprocessing. These glasses typically contain both
silica and sodium monoxide in various Si:Na ratios. From the viewpoint of
overall waste management, it seems sensible to use the sodium monoxide from
sodium waste disposal as one of the feed materials for production of these
special-purpose glasses.

The work reported in this paper was done with the objective of producing
sodium compounds, i.e., sodium monoxide and sodium hydroxide, that would be
suitable for incorporation into glass-making processes. The processes that
would be suitable for converting sodium to these compounds must meet certain
performance criteria related to the presence of radioactive contaminants and
transuranics. These criteria include: (1) low cost, (2) simplicity to allow
remote operation, (3) safety to prevent uncontrolled reactions, (4) suitable
product for incorporation into a disposable form, and (5) minimum release of
radioactivity.

II. LITERATURE SURVEY OF SODIUM DISPOSAL METHODS

Disposal of sodium and other alkali metals has been accomplished in the
past by a variety of methods depending on the requirements of each situation.
The methods that have been used most frequently are (1) reaction with alcohol;
(2) reaction with steam or water vapor; (3) reaction with concentrated caustic
solution; and (4) burning. The alcohol-reaction process2 ,3 has been used
extensively for removing sodium from reactor components, but the quantities
processed have been small to moderate ('i0.1 to 50 kg). Most of this work was
done at Atomics International by Asquith et al.2 and was aimed at developing
methods for sodium removal from reactor components and requalification for
reuse in the reactor. Data were also obtained on reaction rates and
solubility of sodium in alcohol. The initial reaction rate increases expon-
entially with temperature; at 180 F (35 K), the rate is 0.064 kg Na/m2 .s
on a horizontal sodium surface. However, the rate decreases precipitously,
to essentially zero when the sodium concentration in alcohol reaches 5 wt %.

Some factors that could limit the use of the alcohol-reaction process are as
fo'.owr.: The sodium content of the alcohol must be kept low, thereby requiring
contLnuous regeneration of alcohol (by distillation) during the reaction. The
bottom product from the distillation must be further processed, and difficulties
arise in reducing the product to a solid because of the presence of a variety
of organic compounds. Disposal of liquid waste containing radioactive isotopes
by land-fill burial is not acceptable; therefore, disposal of the waste from
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the alcohol process presents formidable problems. Other factors include
the flammability of the alcohol and the necessity for processing the sodium
In batches.

The second significant method for sodium disposal is reaction with steam,
water vapor, or water. In the early days of sodium technology, some quantities
of sodium were reacted directly with water by dumping the sodium into a large
outdoor water pool. This method, although effective and rapid, is obviously
unsatisfactory for radioactive sodium. An improvement in the dumping

method was developed4 by Mine Safety Appliance Co. (MSA) for disposal of large
quantities of sodium under water. Liquid sodium was sprayed into water at a
sufficiently high Reynolds number (>45,000) to ensure dispersal of the sodium.
The depth of injection was "3 m to assure complete reaction before the metallic
sodium could reach the surface. Adaptation of this process for use in a
shielded, alpha-containment facility would be difficult because of the need to
control gas and water flows and to handle the hydrogen and water evolution.

The sodium-water reaction can be controlled by diluting the water and
thus controlling the rate of access of water to the sodium. Two methods of
water dilution have been used successfully, namely, the use of steam and the
use of water vapor in nitrogen.5 These processes have been widely used through-
out the world, primarily for removal of residual sodium from components to be
reused in the reactors. The methods cf this type include (1) the use of moist
argon at EBR-II, (2) the use of an atomized water spray in France, (3) steam
cleaning in the U.S., Germany, the U.K., and the U.S.S.R., and (4) the use of
water vapor in nitrogen, as practiced in the U.S., the U.K., and Germany. The
greatest merit for these water reaction processes is the wide-ranging experience
that has been gained in actual sodium-cleaning operations at reactor facilities.
The disadvantages include the liquid waste (NaOU solution in water) that must
be dried for disposal and the evolution of hydrogen and carryover of moisture
in the gas stream. This hydrogen and moisture must be treated appropriately
to remove fission products before venting to the environment.

The third process, i.e., reaction with concentrated caustic solution, is
related to the process developed by MSA for direct reaction of sodium with
water. Liquid sodium (or NaK) is dispersed in a pool of concentrated (14M)
NaOH while water is periodically injected to control the caustic concentration.
This caustic-solution process was developed by Aerojet Nuclear Company 6 and
was used to dispose of the NaK from the decommissioned EBR-I reactor.' The
NaK was injected into the caustic with a spray nozzle designed to atomize the
NaK in a stream of nitrogen. The disposal operation was done smoothly; however,
converting the process for operation in a shielded, alpha-containment facility
would present difficulties related to moisture- and hydrogen-handling and
liquid waste disposal.

The sodium burning process has been used extensively both in open areas
where the smoke was released to the environment4'8 and in closed facilities
where the smoke was removed by water scrubbing.9 Although the burning process
is effective in consuming metallic sodium, the sodium monoxide smoke necessitates
cleaning operations after th'. burning process is complete. Large volumes of
gas must be treated to rerve fission products, and liquid waste from the
scrubber and from wash-down operations must be treated to form solid waste.
It is assumed that the burning chamber would also require periodic cleaning to
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avoid accumulation of prohibitively high activity levels; this cleaning
process introduces an additional difficulty into the method.

A sodium disposal method that has been used in the U.S.S.R. for cleaning
reactor components is dissolution of sodium in a heavy metal such as lead or
mercury. A process using this concept was patented by Johnson1 0 in the U.S.
as a method for disposing of large quantities of contaminated sodium. The
process is designed to divide the large heat of reaction into three approxi-
mately equal energy steps: (1) dissolution of sodium in lead, (2) contacting
the lead-sodium alloy with molten NaOH and sparging with oxygen to drive the
sodium (as Na20) into solution in the NaOH, and (3) injecting steam into the
molten NaOH to convert the dissolved Na20 into NaOH. The molten NaOH is then
drawn off periodically for disposal as solid waste. The attractive feature
of this proceas is that there are (theoretically) no effluent gases and no
aqueous wastes to be processed. However, the process requires high tempera-
tures (>700 K) and complicated liquid-flow manipulations.

In view of the predominance of liquid and gaseous effluents from the
processes described above and the complexity of the heavy-metal process, a
decision was made to develop a sodium conversion method that is essentially
free of liquid or gaseous emissions. Two methods were tested and found to
perform satisfactorily. The two methods and an assessment of their performance
are described in the following sections.

III. EXPERIMENTAL EQUIPMENT AND METHODS

A. Direct Oxidation Method

A simple and desirable process for sodium disposal is direct oxidation to
form sodium monoxide. Burning, in the usual sense, creates large quantities
of sodium monoxide smoke (very small, suspended particles) which must be
removed by water-scrubbing. The small particle size probably results from
vaporization of the sodium at the high reaction temperature and subsequent
oxidation of the sodium in the vapor phase. This smoke formation can be mini-
mized or eliminated by conducting the oxidation at low temperatures. Controlled
oxidation of sodium metal has been done on a commercial scale for many years
in the production of sodium monoxide from metallic sodium in a rotating drum
reactor.11 Sodium monoxide granules are loaded into the reactor and coated
with sodium metal by introduction of sodium bricks or by continuous introduction
of liquid sodium. The sodium oxidizes slowly at 200 to 400C forming more
sodium monoxide. The maximum metallic sodium content of the reactor is 10%
and the oxygen content is maintained at an average of '10%.

We have developed a variation of this direct oxidation method, in which
liquid sodium is mixed with silica so that the silica particles are coated.
The mixture is heated in a rotating drum reactor while a mixture of oxygen in
argon is passed through the drum; the sodium reacts with the oxygen to form
sodium monoxide. The silica provides a support medium for the sodium and does
not enter into the reaction. The silica-sodium monoxide product may be suitable
as a feed material for making glass for disposal. 1

Figure 1 shows the experimental apparatus used to test the direct oxidation
method in the presence of silica. In these experiments, a mixture of oxygen
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Fig. 1. Experimental Apparatus for Testing Direct
Oxidation in the Presence of Silica

and argon was passed through the rotary drum reactor without recirculation;
however, in an actual production system, the argon (or nitrogen) would be
recirculated to eliminate gas effluence. The oxygen/argon ratio was varied in
different experiments. A cyclone separator is used to collect solid materials
carried over by the gas stream. The rotary drum reactor is a straight 150-mm-ID
(6-in., schedule 40) pipe 0.5 m (19 in.) long with four straight 25-mm-wide
baffles running lenghwise on the inner wall. Figure 2 is a photograph of this
rotary drum reactor. The gas mixture enters the reactor through a rotating
seal at the center of one end flange and exits through a similar flange at the
other end of the reactor. A thermocouple well is located at the center of the
gas exit line so that the axial temperature distribution in the reactor can
be measured during the experiments.
ball-mill frame and rollers.

The drum reactor is rotated by means of a

Since one of the objectives of the direct-oxidation method is to produce
a feed material for making glass, the initial Si02/Na ratio in our experiments
(7:1) was chosen to yield a Si02/Na2 0 ratio of 5:1,12 which is suitable for
glass making. All the experiments in this series were done with a total
initial charge of 1.37 kg, consisting of 0.17 kg Na and 1.2 kg Si02-

Other components such as CaO, B203, ZnO2 , etc. would be added to the Si02/Na2 0
mixture to make a glass suitable for encapsulation of high-level radioactive
waste. Glass manufacture and properties measurements were not a part of this
study.

IN SUL ATION
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Two types of silica were tested: (1) +95 -100 mesh silica sand and
(2) -200 mesh silica "flour." The high-purity (>99%) silica flour was dried
by baking at "200*C for 7 days. The sodium and silica were mixed manually
in a helium-atmosphere glove box by heating each constituent to "130*C,
pouring the liquid sodium into the silica, and stirring the mixture until it
had cooled below 80*C. The sodium-silica mixture prepared in this manner was
not sticky or gumny but was granular and dry and poured easily. In a continuous,
large-scale production, the sodium-silica mixing could be done automatically
and continuously with commercially available mixing equipment.

B. Reaction with Molten VaUi

Sodium in contact with mol-n sodium hydroxide reacts at 400 to 450*C
according to the reaction

2Na + NaOH - Na2 0 + NaH (1)

The Na20 and NaH are soluble in the melt; however, NaH decomposes at low
hydrogen pressures according to the reaction

NaH + Na +1/2 Hz (2)

By means of these reactions, the sodium is consumed, the Na20 remains in
solution in the melt up to "19 wt %, and hydrogen is evolved. If the melt is
then sparged with steam, the sodium is converted to sodium hydroxide by the
reaction

Na2 0 + H20 + 2NaOH (3)

The heat evolved in reaction 1 is very low (-5.7 kcal/mol Na); however,
the heat evolved in reaction 3 is significant (-46.7 kcal/mol H20). Reaction
2 is slightly endothermic.

Several experiments were conducted on a small scale to confirm the assumed
reactions and to determine the feasibility of conducting the reactions on a
large scale in a controlled, safe manner. The experimental apparatus is shown
in Fig. 3.

A stainless steel vessel containing 300 g NaOH was placed in the furnace
well of a helium glove box. The furnace well was sealed to isolate it from
the glove box and was then heated to the reaction temperature (450C). In an
experiment, the quantity of sodium added to the molten NaOH ranged from 5 to
10 g. The evolved hydrogen was swept by a flow of helium through a hygroscopic
trap [Mg(C104)12, through a CuO bed at 600C, then through a second hygroscopic
trap. The first trap was intended to remove water that may have remained
unreacted during injection of steam, and the second trap was intended to retain
water produced by reaction of hydrogen with the CuO bed. During the Na-NaOH
reaction, ultra-pure helium was bubbled through the melt to provide agitation
and to sweep the hydrogen out of the furnace well. The helium, at a flow rate
of tip cm3/s, was injected under the surface of the melt at a depth of "'50 m.
After the metallic sodium was consumed (determined by visual inspection),
stm was introduced at a flow rate of "2 mg/s. Steam flow was continued
while the hygroscopic traps were weighed at regular intervals. The steam flow
was terminated when hydrogen evolution ceased.
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Fig. 3. Experimental Apparatus for Testing the
Molten NaOH Reaction Method

IV. EXPERIMENTAL RESULTS AND DISCUSSION

A. Direct Oxidation Method

Five rotary drum reactor experiments were conducted, each having a total
charge of 1.37 kg of the silica-sodium mixture (Si02/Na ratio, 7:1). The
variables that were studied included: (1) oxygen concentration in the feed
gas, (2) reaction temperature, and (3) silica particle size. The conditions
of each of the runs are summarized in Table 1.

In the first two runs, attempts were made to initiate a spontaneous
reaction. The reaction 2Na + 1/2 02 + Na20 is very exothermic (-45 kcal/mol
Na), and with bed agitation and finely divided sodium particles, the sodium
oxide coatings would not be protective. It was, therefore, believed that the
reaction could be started from room temperature by increasing the oxygen
pressure above the normal 20 kPa. However, the reaction could not be initiated
at room temperature, even at oxygen pressures as high as 100 kPa. In all cases,
it was necessary to exceed the melting temperature of sodium (97.8 C) before
the reaction proceeded spontaneously. Apparently, the oxide coating protects
the solid sodium from contact with oxygen, even under the experimental conditions
described above; however, when the sodium melts, the oxide coating is broken
and reaction is initiated. It is probable that moist gases could be used to
initiate the reaction at room temperature, but we did not test this procedure.

Once the reaction was initiated, the reactor temperature increased sharply
to a maximum, then declined slowly as sodium became less accessible and the
heat loss rate exceeded the heat production rate. The temperature rose more
rapidly at the oxygen-inlet end of the reactor; the high temperature peak was

OVE BOX

'LE

N
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Table 1. Conditions for Experiments in Rotary Drum Reactor

Silica T .Duration
Run Mesh Ar Flow, 02 Flow,a Temp., C of Run,
No. Size cm3/s cm3/s Max. Final min

1 -200 45 9.2 (17%) 158 -- b

2 -200 27.2 14.3 (35%) 164 100 105

3 -95 +105 22.5 14.3 (39%) 212 155 96

4 -95 +105 27.2 20.3 (43%) 246 110 165

5 -200 10.0 14.3 (59%) 225 150 94

aNumbers in parentheses indicate oxygen concentration in feed gas.

bTerminated before completion due to excessive carryover.

observed to travel along the length of the reactor from the inlet end (early
in the run) to the outlet end (near completion of the reaction). This pro-
gression of maximum temperature is shown in Fig. 4., where the axial tempera-
ture profile is plotted at various times during Run 3. In a continuous,
large-scale process, the sodium feed rate and the oxygen input rate would be
adjusted to maintain the peak temperature at a fixed location along the axis
of the reactor.

An important concern in the operation of a rotary drum reactor or a
rotary calciner is the degree of carryover of solids with the gaseous effluent.
Varying degrees of solids carryover were observed during these experiments,
ranging from several grams in the first run to negligible amounts in the later
runs. The high carryover in the first run was due to a poorly designed exit
nozzle nd an excessively high argon flow rate. It was later found that the
concentration of oxygen in the argon sweep gas had a negligible effect on the
reaction rate; rather, the reaction rate was controlled by the rate of oxygen
flow into the reaction. Therefore, the argon flow rate was reduced to a very
low value (<10 cm3/s) to reduce the solids carryover. It is not clear that
any argon is required, except to ensure that oxygen reaches all parts of the
reactor.

In this sodium reaction scheme, it is important to ensure that all the
sodium has been converted to oxide. Even in the commercial process for Na20
production, some elemental sodium remains in the product. Therefore, to
determine the degree of conversion of sodium to Na20, the elemental sodium
content was measured in the reaction product from each run. Because the peak
temperature profiles (see Fig. 4) indicated that little axial mixing was
occurring in the reactor, samples of the product from each run were taken from
the inlet end, the middle, and the outlet and of the reactor.

Two weighed portions of each sample were taken for analysis. One portion
was used for determination of total sodium and sodium peroxide. Total sodium
was determined by dissolving Na, Na20, and Na202 in water, filtering the sample
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to remove the SiO2 particles, and titrating the solution with standard HCl
solution. The Na202 was then determined by acidifying the solution and
titrating the H202 produced by reaction of Na202 with water with a standard
KMn04 solution. Some SiO2 was found to dissolve in the strongly basic solution;
however, it did not appear to interfere with the total sodium analysis.

The second portion of the sample was heated to 400-450C in vacuum to
determine elemental sodium by evaporative weight loss. The amount of sodium
lost by evaporation was confirmed by dissolving the residue in water and
titrating the solution with HCl, as was done for total sodium. In all cases,
the weight loss correlated very well with the difference in total sodium in
the untreated sample and in the residue after evaporation. Therefore, in later
samples, the elemental sodium was determined only by weight loss on heating
in vacuum.
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The results of each run are presented in Table 2 where the percent of
the original sodium that was converted is expressed as Na20 + Na2 02 . The
quantity of Na202 is given separately as a percentage of the original sodium,
as is the quantity of unreacted sodium.

Table 2. Analytical Results for Rotary Drum Reactor Experiments

Na % of Na Reacted to

Run Added, Form Na2O + Na2 Oa % of Na Remaining Crryover,
No. kg Inlet Middle Outlet Inlet Middle Outlet g

1 0.164 -- -- -- -- -- -- b

2 C.173 91.9 92.0 92.9 8.1 8.0 7.1 <1
(7.5) (9.0) (8.8)

3 0.173 86.8 80.6 85.4 13.2 19.4 14.6
(5.5) (10.9) (4.5)

4 0.174 82.9 79.6 81.0 17.1 20.4 19.0 3.2
(7.1) (20.6) (8.8)

5 0.173 83.2 79.6 80.6 16.8 20.4 19.4 None
(10.7) (8.9) (9.8)

aValues in parentheses are percentages of Na202 .

bRun terminated due to
available.

excessive material carryover. Na analyses not

As shown in Table 2, the highest sodium conversion was achieved in Run 2, in
which -200 mesh silica flour was used. The oxygen input rate was low, and
the maximum temperature was only 164*C. The total time of the run was 105
minutes; hence, in a continuous, large-scale process, the residence time in
the reactor should be at least 120 minutes. It might also be necessary to
add a small amount of moisture to the recirculating gas to encourage complete
reaction of the elemental sodium.

The experimental conditions that seemed to reduce the conversion efficiency
were use of the -95 +105 silica, higher operating temperature and higher oxygen
feed rate. Since the higher oxygen feed rate results in higher operating
temperatures, it is difficult to separate these effects. However, it is clear
that the larger silica particles provide larger volumes between the particles
for sodium containment so that it is more difficult for the oxygen to reach
all the sodium.

The silica/sodium mixture and the silica/sodium monoxide product are shown
in Fig. 5. The mixture before reaction is on the right and the product is on
the left. The silica/sodium granules on the right are approximately 1 mm in
diameter. Figures 6 and 7, respectively, show scanning electron micrographs
of the starting mixture and the product, both at magnifications of 200X. It
can be seen that the unreacted mixture is in the form of agglomerates of



12

fI tj

* " $

-e

. . P' s

*-' ". 7 ;t . , v A/

2K N

rfir

-At4 . f

J ,

.

\ r r

5 . * .

V *e#

Fig. 5. Sodium-Silica Starting Mixture (right) and
Sodium Monoxide-Silica Product (left)



13

Fig. 6.

Scanning Electron Micrograph of
Sodium-Silica Starting Mixture
(200X)

Fig. 7.

Scanning Electron Micrograph of
Sodium Monoxide-Silica Final
Product (200X)
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silica particles coated with sodium. The product is composed of individual
silica grains coated with Na2 0 particles of various sizes; in addition, many
very small ("10 pm dia) Na20 particles are dispersed in the product mixture,
unattached to the silica particles.

B. Reaction with Molten NaOH

Experiments involving the reaction of sodium with sodium hydroxide were
done to examine the feasibility of using this reaction for sodium disposal,
to determine the rate and extent of reaction, and to determine the reproduci-
bility of the process. Seven experiments were conducted: four to determine
the rate of t.he Na-NaOH reaction and three to study the complete cycle
including the Na-NaOH reaction and the Na2 0-H20 reaction. The experimental
conditions are summarized in Table 3.

Table 3. Experimental Conditions for Study of the Na-NaOH Reaction

Na NaOH H20 Na + NaOH
Run Reacted, Charge, Reaction Added, Rate,a
No. g g Temp., *C g g Na/m2.s

1 0.5 100 430 0 3.2

2 0.5 100 380 0 1.44

3 0.5 100 430 0 2.6

4 0.5 100 430 0 2.6

5 5.6 300 400 11.0 --

6 10.0 310 410 31.0 --

7 5.0 327 450 16.0 --

aSurface
mass.

areas estimated on basis of quantity and shape of sodium

In the first four experiments, sodium was added to the NaOH melt, and the
time required for the sodium to react completely was measured. The results
are shown in Table 3.

Runs 5, 6, and 7 were performed by adding sodium to the NaOH melt, allowing
the Na-NaOH reaction to proceed, injecting steam into the melt, and measuring
the hydrogen evolution during the entire experiment. The hydrogen evolved
during Run 5 is shown in Fig. 8. The NaOH melt was water-free prior to the
steam injection; therefore, it can be concluded that the hydrogen evolution
rate was dependent only on the rate of decomposition of NaB produced in the
Na-NaOH reaction (reaction 1). The rate of hydrogen evolution did not change
after visual observation -idicated that the metallic sodium had been consumed.
Apparently, during the Na-NaOR reaction, the NaB dissolves in the NON melt,
then begins to slowly decompose, with the concurrent release of hydrogen.
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Fig. 8. Hydrogen Evolution During Run 5

A large and rapid hydrogen evolution occurred when steam was injected
into the alt, owing to reaction of water with the NaH in solution. However,
the total quantity of hydrogen measured ('160 mg) was significantly less than
the theoretical 240 ag. The undetected hydrogen was probably lost by adsorp-
tion on cool surfaces downstream from the reaction vessel.

In later runs with the saes NaO melt, hydrogen evolution prior to the
steam injection was much more rapid. This more rapid reaction probably
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resulted from excess water in the melt from the previous steam injection.
Figure 9 shows the hydrogen evolution during Run 7. Excess steam had been
injected during Run 6, and the water apparently remained in the melt even at
450*C. The hydrogen collected during Run 7 slightly exceeded the theoretical
217 mg, apparently as a result of release of previously adsorbed hydrogen.

After completion of the sodium conversion reactions, the molten (400C)
NaOH was poured into a flat pan and no solid material was found in the bottom
of the vessel by visual examination. A sample of the quenched melt taken for
X-ray analysis indicated that the only compounds present in the sample were
NaOH and NaOH-nH2O. Therefore, we conclude that the reactions were complete,
and the water of hydration would be available for reaction with a subsequent
sodium charge.

An interesting observation made during this study was that metal components
can be cleaned of sodium very quickly and easily by dipping the components in
the NaOH melt. The melt apparently wets the metal surface very quickly, with
the result that the sodium is stripped off and floats to the surface of the
melt, where it reacts slowly with the NaOH. The molten NaOH penetrates crevices
fairly well. Although no precise crevice-penetration measurements were made,
the following results illustrate the extent of penetration. Two 5/16-18 NC
hexagonal nuts were forced tightly together on a 5/16-18 NC bolt with metallic
sodium trapped between the nuts. This assembly was dipped into the NaOH melt
for 10 minutes at 400*C. After this treatment, sodium had been removed from
"1 1/4 turns of the thread from each end, o;t elemental sodium remained between
the nuts. After 30 minutes at 400 C, the sodium was removed from dhe threads
about half-way through the thickness of the nut; however, elemental sodium
still remained between the nuts.

V. CONCLUSIONS AND RECOMMENDATIONS

The present work has demonstrated, on a small scale, the feasibility of
two methods for safely reacting elemental sodium to form inert compounds suitable
for disposal. The direct-oxidation method using a silica carrier has been shown
to achieve >92% conversion of elemental sodium to the oxide when dry oxygen is
used. It is believed that 100% conversion can be achieved with oxygen contain-
ing a small amount ("l0% relative humidity) of water vapor. The rotary drum
reactor or calciner could be used in a continuous process for elemental sodium
conversion. Commercially available equipment would require little or no
modification. The Si0 2-Na20 product should be suitable as a feed material for
making glass for encapsulation of high-level radioactive waste. The composition
of the product could be altered either upstream or downstream from the process
with use of appropriate additives or changes in Si/Na ratio. Continuous opera-
tion of the process will be demonstrated in the next phase of this work.

The molten sodium hydroxide experiments demonstrated, on a small scale,
the feasibility of the method for sodium removal from components and for dis-
posal. This type of cleaning procedure would not be suitable for cleaning
components for reuse in the reactor; however, it should be very effective in
cleaning sodium (and perhaps contaminants) from waste and scrap materials to
be discarded. The Na-NaOH reaction is fai-v rapid, yet smooth and well con-
trolled, with no tendency toward unexpected increases in rate. The Na-NaOH
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reaction is only slightly exothermic; hence, the reaction temperature remains
stable. The decomposition of NaH and the resulting hydrogen evolution appears
to be slow relative to the reaction of Na with NaOH. On the other hand,
reaction of NaH and Na20 with steam is rapid and exothermic. The rate of
reaction appears to be limited by the rate of steam injection. When water of
hydration is present in the melt, the sodium tends to react rapidly but smoothly
with the water, evolving hydrogen, and the reactions appear to be complete.
The Na-NaOH vertical section of the Na-O-H ternary phase diagram 13 indicates
that the limit of solubility of Na20 in NaOH at 450*C is approximately 20 wt %.
When the sodium charge is below this limit, no solid phases should exist at
any time during the process operation.

Continuous operation of the process may be feasible under conditions where
liquid sodium is introduced at the top of a well-stirred NaOH bath while steam
is injected near the bottom and molten NaOH is removed at the bottom. The
liquid and steam flow controls would be critical; however, inadvertent contact
of liquid sodium with steam should not be deleterious.

Batch-wise operation of the molten NaOH process will be tested on a larger
scale (a few gallons of sodium) during the next phases of this work.
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