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ABSTRACT

An investigation was made into the possibility of retarding the reaction of lithium hydride
with water vapor by forming lithium carbonate or lithium fluoride layers. It was found that
the reaction rate in a ten percent relative humidity atmosphere was linear with time at room
temperature for treated or untreated samples. A 19 percent decrease in the rate of water
pickup occurred for carbon dioxide-treated samples, whereas a 31 percent decrease resulted
for fluorine-treated samples.
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SUMMARY

An examination was made of the effect of carbon dioxide and fluorine treatments on the
reaction of hot-pressed (~99.5% dense) lithium hydride with water vapor. The
weight gain-versus-time relationship (taken in a 10% RH room) was found to have a linear
relation for both the untreated and treated specimens. The linear relation implies a complex
diffusion-controlled process.

Carbon dioxide exposures to lithium hydride caused a 19 percent decrease in the rate of
water pickup over the 700-hour exposure period in a ten percent relative humidity
atmosphere. However, for the first 24 hours after the initial carbon dioxide treatment, an
effective 50 percent reduction of the reaction of lithium hydride with water vapor occurred.

Fluorine treatments caused a 31 percent decrease in the rate of water pickup over a
385-hour exposure to a ten percent relative humidity atmosphere.
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INTRODUCTION

Studies of the kinetics of the reaction of lithium metal{1) and lithium hydride(z) with water
vapor have been reported in the literature. Formation of chemically unreactive (with respect
to water vapor) species on the surface of lithium hydride would be expected to alter its
reaction rate. Thus, reactions of lithium hydride with water might be significantly reduced if
such layers were impervious.

It has been established(2) that lithium hydride reacts readily with water to form lithium
hydroxide or lithium hydroxide monohydrate, both of which form lithium carbonate when
exposed to carbon dioxide. Since lithium carbonate has a low solubility in water (15
mgs/cc), a lithium carbonate layer was thought to be a good choice for retarding the lithium
hydride-water reaction. The sequence necessary to form the layer would
involve: (1) controlled exposure to moisture to form a lithium hydroxide outer layer, and
then (2) reaction with carbon dioxide to form the lithium carbonate layer.

Another possible passivating layer might be lithium fluoride. Since lithium fluoride
(face-centered cubic with an ag = 4.017 A) isstructurally identicall3) with lithium hydride
(face-centered cubic with an a, = 4.083 A), a replacement of the negative hydrogen ions on
a lithium hydride surface with fluoride ions might lead to a coherent lithium fluoride layer
on lithium hydride. The presence of a completely impervious layer of lithium fluoride,
which does not react with water vapor and has a low solubility in water {3 mgs/cc), could
prevent the reaction of lithium hydride with water vapor. The lithium fluoride layer could
be prepared by ion sputtering, vapor deposition, or a replacement reaction (F~ for H"). The
latter method was chosen because of its simplicity.



RETARDING THE ACTION OF WATER VAPOR WITH LITHIUM HYDRIDE

RESULTS AND DISCUSSION

Sample discs (2" D x0.125” T) of polycrystalline, hot-pressed lithium hydride were
machined in dry nitrogen. The density of the material was approximately 99.5 percent of
the theoretical density for lithium hydride. A 60-mil hole was drilled in the center of the
discs in order to suspend them (for weight gain determinations) by means of a 30-mil
stainless steel wire from a ring stand. The discs were not exposed to dry-room air (10% RH)
before the onset of the experiments.

Lithium Carbonate Layer

A calculation of the surface areas (45.6 cm2) of the discs led to a predicted value of
approximately 60 layers of lithium hydroxide for a 0.1-mg weight gain. Since this weight is
equal to the maximum sensitivity of the balance used, a 1.0-mg weight gain (corresponding
to approximately 600 molecular layers of LiOH) was selected as the amount of lithium
hydroxide desired on the lithium hydride surface before its reaction with carbon dioxide.
Preliminary results showed that the weight gained after a 16-hour exposure of a disc to the
dry room air (10% RH) was essentially one milligram. Five samples of lithium hydride were
randomly picked for control and five for carbon dioxide treatment. These discs were
suspended (spaced equidistant from each other) from two ring stands in the dry room for
the tests. The sample history is reviewed in Table 1. The argon and carbon dioxide
exposures were facilitated by the use of plastic, inflatable glove boxes. Thus, all samples
(control and CO9 exposed) were given a 700-hour air treatment (in steps), and all five of the
carbon dioxide-exposed samples were given a total of 66 hours of exposure to carbon
dioxide (in steps).

Table 1
LITHIUM HYDRIDE SAMPLE HISTORY

Five Control Samples Five Carbon Dioxide-Exposed Samples
Total Time of Air Exposure Argon Exposure Total Time of Air Exposure Carbon Dioxide Exposure

Prior to Argon Exposure Time Prior to Carbon Dioxide Time
{hrs) {hrs) {hrs) {hrs)

16 30 16 30

58 6 58 6

148 6 148 6

316 24 316 24

Results of the exposures are reported in Figure 1 for the control samples and in Figure 2 for
the carbon dioxide-exposed samples. Thus, the weight gain (mgs/cm2) with time (reaction
of LiH with H90) is represented by a linear fit. The parameters of the equation
(Y =A+BX]) are listed in Table 2 along with the statistical measurements. The carbon
dioxide exposures caused a 19 percent decrease in the slope of the weight gain-versus-time
relation (or a 19% decrease in the rate of water pickup) over the 700-hour dry exposure.
However, for the first 24 hours after the inital carbon dioxide treatment, a 50 percent
reduction in weight gain resulted, due to the reaction of lithium hydride with water. Thus,
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Figure 1. WEIGHT GAIN AS A FUNCTION OF TIME SAMPLES (Y = A + BX FIT).

FOR THE FIVE LITHIUM HYDRIDE CONTROL
SAMPLES (Y = A + BX FIT) USED WITH THE CARBON
DIOXIDE-EXPOSED SAMPLES.

the carbon dioxide exposure was very Table 2

e,ffe.Ct'Ve n redu.cmg the reaction of PARAMETERS OF THE EQUATION Y = A + BX

lithium hydride with water vapor for 24 AND SAMPLE STATISTICS FOR THE FIVE

hours., CONTROL AND FIVE CARBON

DIOX!DE SAMPLES

The tinear relation of weight gain versus Carbon Dioxide-

time indicates that the reaction of lithium Control Exposed

hydride with water vapor may not be Samples Samples
iffusi : (1)

diffusion cont_rol|ed. Irv.me and Lund. Value of B 0.549 0.446

found that a linear reaction form applied  siandard Deviation of B 0.002 0.002

to the reaction of lithium metal with Value of A 14.800 14.000

water vapor, and attributed the linear rate  Standard Deviation of A 0.800 0.700

N . . 95% Confidence Limit of B

to surface microcracking and lattice U 0553 0.450
e . (2 . pper . .

diffusion.Machin and Tompkins'4/ studied Lower 0.544 0.442

the reaction of water with lithium hydride
and concluded that the pickup of water is
unchanged (a linear reaction rate) when the hydride is covered with varying thicknesses of
either lithium hydroxide or fithium oxide. They also stated that it was extremely unlikely
that diffusion of water through the product layer is, at any stage, rate controlling.

All discs were examined by scanning electron microscopy (SEM) after 1,000 to 1,100 hours
of total exposure to dry-room air. Figure 3(a) provides a view of an area taken after
fracturing a disc. The fractured polycrystals of lithium hydride, the lithium hydroxide
broken surface, and the top surface of the lithium hydroxide layer can be seen. View(b)
shows the lithium hydroxide layers as they appear on the top surface of the disc and on the
side. Machining marks (parallel lines) can be seen on the lithium hydroxide layer on the side
of the disc. Splitting of the lithium hydroxide layers at the corners is also apparent. View (c)
shows the flared appearance of the lithium hydroxide layer at the corners. There was no
difference in the microstructural appearance of the control or carbon dioxide-treated
samples.

Since microcracking of the lithium hydroxide layer was not apparent, another mechanism
which would continually allow unreacted lithium hydride to come in contact with water
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Figure 3. REPRESENTATIVE AREAS OF DISCS USED IN WEIGHT GAIN-VERSUS-TIME EXPERIMENT AFTER 1,000 TO 1,100 HOURS OF TOTAL EXPOSURE TO
DRY-ROOM AIR.
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must be occurring. Simple diffusion is unlikely because of the linear relationship of weight
gain versus time. The lithium hydroxide layer occurring on single crystals was observed to be
oriented. If, for each grain of polycrystalline lithium hydride, an oriented film of lithium
hydroxide grew, the result might explain this linear rate. The oriented polycrystalline
lithium hydroxide grew on the (100) faces of the lithium hydride single crystal such that the
(110) and (220} planes were alternately stacked. The (110) planes contain only lithium ions,
and the (220) planes contain only hydroxide ions. Also, the structure of this coherent
lithium hydroxide is quite open, which would allow rapid transport of water to be
unreacted lithium hydride substrate. This action could keep the reaction rate constant, and
preserve a linear reaction rate.

Lithium Fluoride Layer

Two samples each of the controlled and fluorine-treated lithium hydride were tested. The
fluorine treatment was for 15 minutes at 1/2 atmosphere pressure of a 1/2 percent
fluorine-in-nitrogen mixture. Care was taken to minimize any air exposure because of
handling during the fluorine treatment. A wire basket was used to hold the lithium hydride
samples with minimum contact with stainless steel wire through the center of the samples.
This arrangement also gave maximum exposure of the surface area of the samples to
fluorine. The extent of the lithium hydride
and fluorine reaction and the thickness of
the lithium fluoride layer are unknown. The
8 weight-gain-versus-time relationship for the

N
o
(=]

% 200 f—
% control and fluorine-treated samples can be
§ 150 |— seen by the graphs of Figures 4 and 5,
E respectively, where linear fits were used.
£ 100 |— The parameters of the linear equation and
(V) o L. .
£ statistics appear in Table 3. Thus, the
g 50— fluorine treatment caused a 31 percent
o Lo ( | [ ] | decrea.se in t'he rate of.water pif:kup (stope
50 100 150 200 250 300 350 of weight gain versus time relation), over a

Time (hours)

385-hour exposure to dry-room air {10%
Figure 4. WEIGHT GAIN AS A FUNCTION OF TIME  RH).

FOR THE CONTROL SAMPLES (Y = A + BX FIT) USED

WITH THE FLUORINE-EXPOSED SAMPLES.

Table 3

PARAMETERS OF THE EQUATION Y = A + BX
AND SAMPLE STATISTICS FOR CONTROL
AND FLUORINE GAS-EXPOSED SAMPLES

}

N
]
13

‘S
Nx 150 }—
5 Fluorine Gas-
E’ 100 — Control Exposed
< Samples Samples
S 50 —
£ Value of B 0.556 0.386
2 o I L | |  standard Deviation of B 0.010 0.013
50 100 150 200 250 300 350 400 Valueof A 18.200 11.200
Time (hours) Standard Deviation of A 2.100 2.600
95% Confidence Limits of B
Figure 5. WEIGHT GAIN AS A FUNCTION OF TIME Upper 0578 0.412
FOR THE FLUORINE-EXPOSED SAMPLES (Y = A + BX Lower 0.535 0.359

FIT).
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Both the fluorine-treated and control samples were examined by 'SEM, and were essentially
identical microstructurally with each other and with the previously examined carbon
dioxide-treated and control samples. The reacted layers of lithium fluoride and lithium
carbonate were not seen in the SEM, probably because their layer thicknesses (< 100 A)
were less than the resolution of the instrument. :

It appears from the data that a change of mechanism was not caused by either the carbon
dioxide or fluorine treatments. The relationship between weight gain versus time remained
linear for both treatments.
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