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TREATING WATER-REACTIVE WASTES

Guy Lussiez

LosAlarnos NationalIAoratoty
Los Alamoa, NM

Abstrwct. Some compounds and elements, such as lithium hydride, magnesium, sodium, and calcium reset violently
with water to generate mtteh heat and prcdurz hydrogen. The hydrogm eim ignite or even form an explosive mixture
with air. Other metals may react rapidly only if they are fmeiydivided. Some of tie w~m P~uW at ~s ~~os
National Laboratory includes these metals that are cotttamimtd with radioactivity. By far the greatest volume of
water-reaetive waste is lithium hydride contaminated with depleted ttmniu.

Reactivity of the water-reactive wastes is neutralized with an atmosphere of htid nitrogen, which prevents the
formation of an explosive mixture of hvdrotyt and air. When we adjust the temperature of the nitrogen and the
humidifier, tie nitrogen can be more or less humid, and the rate of reaction can be adjusted and controlled. Los
)&ttnos has investigated the rates of reaeuon of lithium hytide u a f~ction of the ~~~e ~d h~di% O@
as anticipam they increase with increasing temperature and humidity. Los Alamos wiil investigate other variables.
For example, the nitrogen I1OWwill be optimized to conserve nitrogen and yet keep the reaetion rates high. Reaetion
rates will be determined for various forms of lithium waste, tlom small chips to powder. Bench work will lead to the
design of a skid-mounted process for treattng wastes. Other water-reaetive wastes till also be investigated.

INTRODUCTION

Water-reactive compounds react with water with generation of hydrogen. The reaction is exothermic and
sometimes extremely rapid. Hydrogen may ignite or even form an explosive mixture. To comply with the
Resource Recove~ and Conservation Act (RCRA), the reactivity must be neutralized before kanddispoaal
of the water-reactive wastes.

.

Los Alamos National Laboratory, as well as other DOE facilities, has various radioactively contaminated
water-reactive wastes. The most abundartt is lithium hydride. Other wastes include magnesiun& sodituw
caicituq and some finely divided metals.

The reaction of lithium hydride with water is,,,

L=* LiH + ~O+LiOH + I-$ (1)
so
*Z

=

A Ueattnent to neutralize lithium hydride reactivity has ken tested based on controlled hydration.j
a aczording to reaction 1, with a humid atmosphem of nitrogen. Nitrogen prevents formation of a

:4$ flanurtabie or explosive mixture in the reactor. outside tier-r. tie nitrogen-h@ogen *e ~ ~

F

~eo diluted quickly with air to well below the flammability limit
=!3==m
~~ The main objective of this pro- run at bench scale, was to obtain engineering data necessary for the

design of a pilot plant to be tested on the real waste.
+
. . ..



The lithium hvdroxide formed during reaction 1 is caustic and must be neutralized to compiy with RCRA.
The radioactive component must also be considered for disposal. for example by immobilization
(cementation) of the waste. These steps have not been included in this study.

EXPERIMENTALSET UP

Figure 1 shows the experimental setup. The nitrogen flow rate is measured through a flow meter. The
nitrogen gas enters and bubbles through a humidifier--a metal cylinder filled with glass beads-immersed
in a water bath maintained at a constant temperature. The influence of water concentration in the gas
s- (humidity) can be srudied by changing the humiciiiier temperature. The humidity can be
calculated by the weight loss of the humidifier.

Humid nitrogen then passes through the reactor. To prevent condensation the tubing to the reactor and
the reactor itself are maintained at a temperature higher than that of the humidifier, usually 5° C higher.
Lithium hydride is placed in a ceramic crucible inside the r=ctor. A thermocouple immersed in the
lithium hydride detects temperature changes.

The gas exiting the reactor goes through a hydrogen analyzer. The tubing to the analyzer is maintained at
a temperature sufKcient to prevent condensation. However. for experiments at high temperature that
could damage the anaIyzer. the gas is dehurnidiiied and cooled in an ice+old moisture trap. Aiso, when
hydrogen concentration exceeds the analyzer upper detection limit of 4’Yo,the gas exiting the reactor is
diIuted with a known flow of nitrogen.

Finally, the gas passes through a flow meter whick by comparison with the inlet flow meter, indicates the
presence of a substantial leak.

INFLUENCEOF GAS HUMIDllW

Introduction

The influence of gas humidity on the kinetics of hydration of lithium hydride was studied by nmning the
humidifier at different tempemtures. However, to prevent condensatio~ the humid gas in the reactor
must be maintained at a temperature slightly higher than that of the hutnidiiier, typically 5° C higher.
Also, the reaction is quite exothermic, and the temperature of lithium hydride increase% sometimes
substantially. Consequently, Mh moisture concentration and temperature of reaction changed
simultaneously. The influence of temperature of nxtion at constant humidity was investigated later in
the program.

Hydrogen evolution rate was determined from its concentration in the exiting gas. An exampie of a
recording of hydrogen concentmtion with time is shown in Fig. 2.

Test Resutts

Instant reaction rate versus test duration. For the design of the equipment to neutralize htim h~drik
the kinetics of the reaction is important. The kinetics is measured through the rate of hydrogen evoiution.

Knowing the instant reaction rate permits d-rig evoiution at each point in time and the dilution of
the reactox’s exit gas stream necessay to keep hydrogen concentration beiow the flammability limit of 4°A
(and therefore beiow the expiosive iimit). Or, conversely, it permits adjusting operating conditions to stay
below this limit at constant dilution.
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The instant reaction rate may be a fimction only of the surface area of the unreacted lithium hydride. or it
IMYbe tiected by the accumulation of a sertti-impervious Iaver of hydroxide as the reaction proceeds. It
may also va.IYwith the humiditv, temperature, gas retention time, etc. If a relationship behveen reaction
rate and these variables can be determined. the equipment can be designed to treat larger quantities of
lithium hydride.

The average reaction rate over the duration of treatment is another important factor. It indicates whether
treatment can be effected in one shift or what conditions to use to complete treatment in a given period of
time. The duration of treatment is somewhat imprecise because hvdrogen evolution at the end of the test
is very low. To compare tests. it is more accurate to determine. for example, the time required for
evoiution of 80°A of the total volume of hydrogen.

Calculation o~the instant reaction rate. A model of hydrogen evolution has been made. It assumes tha~
for a given set of operating conditions. the hydrogen evoiution rate with time is a function only of the
surface area of unreacted iithium hydride. With this assumption. the hydrogen gewration rate, for
ex.ampie in iiter/minutei/gram, is given by an equation

R=ak(l-bkt)2; (I)

a and b are constants that have been deterrnin~: r is the time: and k is the reaction rate per unit of time
and surface area. With the assumption of this modei. k is a constant.

The cumulative voiume of hydroge~ P’cwith time is given by

Vc SC[l-(l-dkt)q;

c and d are constants. Vc has been experimentally determined, which permits calculating k ss

‘=P’-YC);I;

(2)

(3)

e and~are constants.

Erperimentai determination of the instant reaction. Tests were rtm at various humidifier temperatums.
These tests show a strong influence of the humidifier temperature on the instant voiumc of hydrogen
generated and the time required to complete the reaction. This effect is illustrated in Fig. 3 and 4 for
three seiected temperatures. It is obvious that the kinetics of the reaction is greatly increased by higher
temperatureand humidity.

The instant reaction rate was calculated at different times for each test. The rate k is calculated from the
theoretical hydrogen voiume of 3 liters per gram of LiH at room temperature.

Figure 5 shows the relationship between the reaction rate and the humidity content of the gas. Humidity
is given as the percentage by volume of the humid gas that is water vapor.
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Data evaiuafion. Fi~e 5. which is on a sem.iiogtithrnic scaie. shows a relatively linear relationship.
The pints do not lineup better for several reasons.

● The product of hydration is a function of the temperature. As mentioned previously,
humidity was increased by increasing the humidifier temperature. and hydration also had
to be done at a higher temperature to prevent condensation. Figure 6 shows the hydration
ratio-the weight ratio of hydrated lithium hydride to the starting weight-as a function of
the temperature. At about 80° C and above. it is ciose to the theoretical ratio of 3.0 for

LiOH. Between 35° C and 70° C, the ratio falls between LiOH. H20 (5.25) and LiOH. 0.5
H20 (4.1). During the test. the lithium hydride temperature increases substantially for
some time because of the exorthermicity of the reaction. For example, Fig. 7 shows the
lithium hydride temperature for a test run at a reactor temperature of 53° C. It increases to
about 60° C for about 100 minutes. It is possible that the hydration product is a mixtureof
LiOI-L H20, and LiOH although no positive identifkation (such as by x-ray diffraction)
was made. Typically, the high-temperature product of hydration was &y and grainy,
while low-temperature products were deliquescent.

It is believed that below 35° C. the reaction rate was too slow. and compiete hydration was
not reached.

● L40st tests were fairly reproducible. For example, Fig. 8 shows three tests run at 80.6° C.
However. tests run with the humidities at near boiling were more erratic. Test runs at
room temperature were too slow to be compieted in a day’s time.

● The calculation of the rate of reaction assumed a single particle size. Under the
microscope, it is obvious that there is a relatively wide range of sizes. The sample used for
the test was quite small (0.5 g) and differences in size distribution from one test to the next
are likely.

● Drifting of the hydrogen analyzer calibration was fairly common.

CONCLUSION

The influence of gas humidity on the reaction rate with lithium hydride was determined and can be used
for prehninary treatment equipment design. To prevent formation of a deliquescent compound-which
could impede the reaction for large quantities of chunlq lithium hydride-and have a relatively rapid
reaction rate it was decided to run t%.rthertests at 80° C.

More accurate values of the reaction rate will be determined by using welldefined screen sizes as well as
chunks of lithium hydride. This wiil also permit ver@ing the assumption that the reaction rate is a
function only of the surface area when other conditions are kept constant.

Other testswill study the influence of reactor temperature above the minimum required for a given
humidity level and others will aim at decr~ing nitrogen consumption. Other water-reactive wastes will
be tested.
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TEST #’S 16,20 & 21. HUMIDIFIER TEMP AT 80.6 deg C
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