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Abstract

Suitable techniques for sodium removal and decontamination of sodium wetted
components of Liquid Metal Fast Reactors (LMFRs) are necessary both for repair, reuse and
decommissioning of such components. Among the methods followed for sodium removal,
alcohol dissolution is usually employed for small components like bellow sealed valves,
gripping tools to handle core components and sodium sampling devices (primary and
secondary). One of the concerns in the alcohol dissolution method is the possible role of
peroxide formation in the ethoxy group during storage and handling leading to explosion. This
paper describes the study of peroxide formation in ethyl carbitol and butyl cellosolve as well as
some of the results of dissolution kinetic studies carried out in our laboratory using different
alcohols.

The peroxide formation of ethyl carbitol and butyl cellosolve were studied by
iodometric technique. It has been found that the peroxide formation is less in sodium
coataining alcohol than in pure one. Ethyl carbitol, butyl cellosolve and JaysoI-SS (mixture of
ethyl alcohol, methyl alcohol, isopropyl alcohol and methyl isobutyl ketone) were used in
dissolution kinetics studies. The effects due to area and orientation of the fresh sodium
surface have also been investigated. The reaction rates were studied in the temperature range
of 303-343 K. The rate of dissolution was estimated by measuring the sodium content of
alcohol at periodic intervals. It is found that the reaction rate varies in the order of ethyl
alcohol-water mixture > Jaysol-SS > butyl cellosolve > ethyl carbitol.

While cleaning sodium using alcohoL, the concentration of alcohol is held essentially
constant throughout the process. The rate of reaction depends only on the amount of sodium
and follows pseudo-first order kinetics. Increase in surface area has a marked impact on the
dissolution rate at lower temperatures while at higher temperatures, the temperature factor
overrides the effect due to surface area. The effect of orientation of sodium surface exposed to
alcohol on the reaction rate is only marginal. Dilution of alcohol with small amounts (even
5%) of water drastically increases the dissolution rate of sodium, resulting in rapid increase in
temperature of the dissolving medium.
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1.0. INTRODUCTION

The use of sodium as heat transfer medium in fast reactors leads to
associated problems of handling the sodium wetted components for repair and reuse or
disposal of such components during decommissioning stages. These components could be
either radioactive or not depending on whether they come from primary or secondary circuits.
In the absence of fuel pin failure, the radiation build-up in primary coolant system arises mainly
from the activation of sodium coolant giving rise to 24Na and ^Na as well as activation
corrosion products of stainless steel components such as 60Co, 54Mn and 51Cr. In all these
cases, it is important to clean the components free of sodium before taking up for repair or
decommissioning.

Components that have been in contact with liquid sodium for long time
have residues of sodium sticking to the surfaces exhibiting mirror like appearance. All remains
of sodium must be removed from the components before decontamination because of the high
reactivity of sodium towards water. Partial decontamination of the sodium wetted components
can be performed when macro amounts of sodium are removed. The cleaning methods
employed for removing sodium should be safe, effective, relatively rapid and leave only small
amounts of radioactive wastes. Use of water as solvent for cleaning sodium could lead to
explosions if not controlled properly. It could also lead to alkaline embrittlement of steels with
intergranular corrosion and stress cracking [1]. Alcohols are found to be suitable solvents for
sodium removal without much of the above problems. In addition to sodium, good amount of
radionuclides present are removed along with the sodium alcoholate. Low molecular weight
alcohols react too rapidly to be industrially followed and hence relatively higher molecular
weight alcohols are preferred. Different alcohols such as ethyl carbitol, butyl cellosolve and
Jaysol-SS have been used for sodium cleaning in different countries [2-4]. One of the concerns
expressed in alcohol dissolution method is the possible role of peroxide formation [5] during
storage and reuse leading to explosion. This paper describes the study of peroxide formation in
ethyl carbitol and butyl cellosolve as well as some of the results of dissolution kinetics carried
out in the laboratory using different alcohols considering the effects of solvent, area of
exposed sodium surface and orientation of the sample on dissolution kinetics.

2.0 EXPERIMENTAL
Solvents like ethyl carbitol and butyl cellosolve containing one or more

ether groups are likely to contain some peroxide impurity inherently. The extent of peroxide
formation in the above solvents of various stocks and that used for sodium dissolution was
estimated by iodometry. Aliquots of alcohol samples were treated with acidified potassium
iodide and the liberated iodine was estimated using spectrophotometer by measuring the
absorbance at 470 nm. The absorbance in arbitrary units is directly proportional to the amount



of active oxygen in the solvent and hence the level of peroxide present in it. The amount of
active oxygen in the solvent as a function of absorbance is given in Fig. 1.

The experimental set-up for sodium dissolution kinetic studies consists
of a double walled chamber. The inner compartment is used as sodium-alcohol reaction
chamber and the outer jacket is used to maintain the reaction temperature by circulating water
from a constant temperature bath. It has a suitable side port to draw solvent samples during
the course of the reaction. The hydrogen gas evolved during the dissolution is swept away by
argon. Ethyl carbitol, butyl cellosolve and Jaysol-SS (mixture of ethyl alcohol, methyl alcohol,
isopropyl alcohol and methyl isobutyl ketone) were used as solvents for this study. Prior to
dissolution experiments, the solvents ehtyl carbitol and butyl cellosolve were analysed by FTIR
spectroscopy to evaluate the purity. The solvent solution was continuously stirred during the
reaction to maintain uniform reaction temperature. The reaction rate was measured by taking
solvent samples at different time intervals and analysed for sodium content by flame
photometry. The volume of the hydrogen gas produced during the course of the reaction was
also measured as a function of time by wet test meter. The reaction rate was studied in the
temperature range of 30-70 C. The variation in the reaction rate was also studied as a function
of solvent, surface area of the sodium exposed and also the orientation of sodium sample.
Table 1 gives the list of experiments along with the experimental parameters.

Table 1. Experimental parameters in sodium dissolution studies

Solvent : Ethyl carbitol, Butyl cellosolve, Jaysol-SS

Temperature (°C) : 30-70

Surface area (cm2) : 2.27, 5.73

Orientation : Vertical, horizontal

3.0. RESULTS AND DISCUSSION

3.1. Peroxide formation
Organic compounds containing ether group tend to react with

atmospheric oxygen to form unstable peroxides. The reaction of compounds of ether with
oxygen, forming peroxide, is catalysed by light appreciably. Owing to relatively high vapour
pressures, the ether compounds evaporate readily and the organic peroxide formed gets
concentrated and leads to potential hazardous situation resulting in explosion. It is also
reported that peroxide compounds containing active oxygen within their molecular structure
are capable of supporting combustion and explosion, even in the absence of air.

The organic peroxides have the molecular structure R-O-O-R. When
exposed to shock, heat or friction they dissociate to form free radicals as shown below.

R-O-O-R *• R-O« + R-O»

These free radicals have transient existence. They react with the
surrounding free radicals or molecules forming new radicals or molecules. When the rate of
destruction of free radicals cannot keep with that of their creation, then the substance



generally explodes. From Fig.l, it can be seen that the amounts of active oxygen present in
various sorts of ethyl carbitol (EC) decrease in the following order:

Old EC > Fresh EC > Distilled EC > Used EC

Ethyl carbitol stored for a long time has the highest level of active oxygen
concentration than the fresh one. Even ethyl carbitol distilled after sodium dissolution showed
higher concentration of active oxygen than the used ethyl carbitol. From this it can be
deduced that the used carbitol tend to inhibit the production of peroxide and hence can be
handled safely.

It is also seen from Fig. 1 that butyl cellosolve showed similar trend as
that of ethyl carbitol. The fresh butyl cellosolve showed a high active oxygen concentration
when compared to the used butyl cellosolve. It is also reported in literature [5] that butyl
cellosolve is liable to form explosive peroxide on exposure to air and light.

3.2. Sodium Dissolution
Sodium concentrations in alcohol samples measured as a function of time

are shown in Figs.2,3 for some typical experimental runs. Fig.4 shows the plot of In K vs 1/T
for the ethyl carbitol solvent with vertical orientation of sodium sample having a surface area
of 2.21 cm2. The top line was obtained by measuring the sodium concentration in the carbitol
and the bottom one by calculating the sodium concentration from the evolved hydrogen gas.
Eventhough there is a small difference in the In K values between the two methods, the slopes
in both cases are practically the same thereby indicating the pseudo-first order kinetics of the
dissolution process. From the sodium concentration, the reaction rate for each run was
calculated using first order reaction kinetics.

The reaction rate for various alcohols varies in the order Jaysol-SS >
Butyl cellosolve > Ethyl carbitol. This is due to the increase in electron donating capacity of
higher alkyl groups which render the removal of hydrogen difficult and hence result in slower
reaction rate with sodium. Among the heavier alcohols, those with longer side chain attached
to the OH group show greater resistance for If" ion removal and hence exhibit slower reaction
rate.

From other experimental runs, it was found that higher the surface area
of sodium exposed to alcohol, higher is the reaction rate. It is also observed that all these
effects show a converging effect at higher temperature. It is also found that there is an increase
in the kinetics of dissolution when the orientation of the sample is changed from vertical to
horizontal. In all these cases, increase in solvent temperature resulted in increase in the
reaction rate steadily. An important requirement in the alcohol dissolution method is the
solubility of the alcoholates in alcohol there by exposing fresh sodium surface for further
dissolution. Among the solvents considered, the ethyl alcohol-15%water mixture showed very
high dissolution rate compared to that in other alcohols as shown below.

Ethyl alcohol-water mixture » Jaysol-SS > Butyl cellosolve > Ethyl carbitol

Howevr, in the case of ethyl alcohol-water solvent, it was very difficult to control the reaction
temperatures and hydrogen evolution owing to very high reaction rate.

4-



4.0. CONCLUSIONS
From the iodometric results it can be seen that alcohols containing ether

group form peroxide and hence caution has to be excercised in the use of such alcohols for
sodium dissolution. Even when chosen on other grounds, necessary precaution has to be taken
and such of those stored for a long time should be avoided. From this study it is found that,
eventhough alcohols containing ether form peroxide, once these solvents are used for sodium
dissolution, further formation of peroxide is suppressed and these solvents can be handled
without much safety hazard. The possible reason for this is attributed to the presence of
sodium which acts as inhibitior for free radical formation. .

From sodium dissolution experiments, it can be seen that the reaction
between sodium and alcohol follows pseduo-first order kinetics when excess alcohol is used in
dissolution process. Depending on the nature of the component to be cleaned, the solvent can
be chosen so as to make the cleaning process faster or slower. The dissolution process is faster
when higher sodium surface is exposed to the alcohol being used. However, temperature has
greater role to play on the reaction kinetics than surface area as shown by the steep increase
in reaction rate at elevated temperatures. The orientation factor changes the reaction rate very
marginally.
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Fig. 1. Absorbance .vs. active oxygen
concentration in ethyl carbitol and
butyl cellosolve.
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Fig. 2. Sodium content in carbitol as a
funcction of time for different
temperatures.
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Fig. 3. Sodium content in butyl cellosolve
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Fig.4. Variation of In K as a function of
reciprocal temperature using ethyl
carbitol as solvent.


