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Abstract

Polycrystalline LiH was studied in situ using diffuse reflectance infrared Fourier transform (DRIFT) spectroscopy to investigate the
effect water vapour has on the rate of production of the corrosion products, particularly LiIOH. The reaction rate of the formation of
surface LiIOH was monitored by measurement of the hydroxyl (OH) band at 3676 cm™'. The initial hydrolysis rate of LiH exposed
to water vapour at 50% relative humidity was found to be almost two times faster than LiH exposed to water vapour at 2% relative
humidity. The hydrolysis rate was shown to be initially very rapid followed by a much slower, almost linear rate. The change in hydro-
lysis rate was attributed to the formation of a coherent layer of LiOH on the LiH surface. Exposure to lower levels of water vapour
appeared to result in the formation of a more coherent corrosion product, resulting in effective passivation of the surface to further attack

from water.
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PACS: 82.65.+r1; 33.20.Ea

1. Introduction

Lithium hydride (LiH) has a high affinity for water
vapour, resulting in a surface layer of lithium hydroxide
(LiOH) and/or lithium oxide (Li,O) on exposure to trace
quantities of moisture [1]. Consequently, even though this
material is handled under dry atmosphere conditions
(~10 ppm H>0), a surface layer of hydrolysis products
can always be detected [2]. LiH is known to continually
outgas hydrogen (H,) due to a solid-state reaction between
LiH and LiOH [3,4], but H, production is significantly
increased during hydrolysis [5,6]. Hydrolysis of the bulk
material results in significant swelling due to an increase
in molar volume as the LiOH/Li,O content increases
[4,7]. The swelling and production of H, has serious impli-
cations for fuel storage cells and containment vessels. The
swelling can lead to breach of containment and further
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exposure to moist air and H, can lead to hydriding corro-
sion in reactive metal components. It is therefore important
to understand how LiH hydrolysis occurs to be able to pre-
dict the extent of hydrolysis under specific conditions of
moisture exposure.

Many of the hydrolysis studies on LiH have been
conducted under high vacuum conditions and at elevated
temperatures. These conditions simplified the studies by
removing the added complication of constant and rapid
hydrolysis from external water sources. Controlled water
vapour dosing was also employed where discreet quantities
of water were introduced to the sample prior to monitoring
the hydrolysis reactions. However, LiH hydrolysis under
ambient conditions has been far less studied [2], and even
less so for conditions that are more analogous to those
employed for the storage and handling of LiH [8] where
constant water vapour exposure can occur. The limited
studies under ambient conditions has primarily been due
to the difficulty of controlling the reaction environments
and because the hydrolysis reactions tend to be very fast.
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It is probably worthwhile mentioning the difference
between the materials used in the studies under ambient
and high temperature-high vacuum conditions. In the
latter, pure LiH was often used, either as freshly cleaved
single crystal or clean polycrystalline solids. Under ambient
humidity conditions LiH will not be pure, consisting of a
layer of LiOH and/or Li,O, and it has thus become accept-
able to refer to ‘Salt’ when working with non-pure LiH.
For the purposes of this work, ambient humidity condi-
tions refers to the relatively dry conditions LiH would
experience within a fuel cell or storage device, i.e. under
vacuum or backfilled with an inert dry gas of low water
vapour content (0-100 ppm). A comprehensive review of
investigative studies into LiH hydrolysis and product
decomposition has been carried out independently by
Broughton [9] and Haertling et al. [10].

The initial product during LiH hydrolysis is not clear
despite three decades of study. The reaction products at
elevated temperature and low H,O partial pressures, and
when only monolayer coverage occurs, have been reported
[1] to be Li,O and H, (Eq. (1)). At ambient temperature
and on exposure to high water vapour concentrations,
where more than a single monolayer of H,O coverage is
possible, the products have been reported [1] to be LiOH
and H, (Eq. (2)). Hydration of LiOH (LiOH - H,O) formed
on the surface of LiH has been reported on exposure to
excess water vapour [2,7] (Eq. (3)).

2LiH + H,0 — Li,O + 2H, (1)
LiH + H,O — LiOH + H, (2)
LiOH + H,0 — LiOH - H,0 (3)

Both hydrolysis reactions (Egs. (1) and (2)) are thermody-
namically favourable with AGsos = —94 kI mol™' and
AGsos = —133 kI mol ™! for the formation of Li,O and
LiOH, respectively. Several studies have reported that
Li,O forms rapidly as a very thin layer on LiH during
hydrolysis (Eq. (1)) [2,11,12] and that Li,O also reacts rap-
idly with water vapour to form LiOH (Eq. (4)), where
AGros = —87 kI mol .

Li,O + H,0 — 2LiOH (4)

The decomposition of LiOH, in the presence of LiH, has
been studied, mainly under non-ambient conditions [4,7].
LiOH decomposition has been reported to occur in vac-
uum/dry environments due to the existence of unstable
forms of LiOH which was attributed to LiOH near the
LiH substrate and ambient interface. Dinh et al. [7] mea-
sured a range of activation energies for the decomposition
of LiOH, which indicated that LiOH decomposed most
easily near the LiH substrate, then near the ambient inter-
face [13]. Dinh’s work suggested that stable surface LiOH
would also decompose when exposed to a strong water
pump at elevated temperature, but at a very slow rate,
which is consistent with thermodynamics where the Gibbs
free energy for LiOH decomposition is positive AGagg =
+174 kJ mol~'. Decomposition of surface LiOH may be

able to occur under ambient conditions but would require
a long time to be observed. Furthermore, the continued
presence of H,O can be expected to shift the equilibrium
in favour of LiOH production, thus preventing observation
of leO

This work was part of a wider study [14-19] to investi-
gate the reactions of LiH to provide the data necessary
for a predictive ageing model to be developed. The devel-
opment of such a model requires accurate information on
the behaviour of LiH when exposed to known tempera-
tures, pressures and water vapour (or air) exposures. A pre-
dictive model is required to support lifetime prediction
studies for components or cells fabricated from LiH.
Hydrolysis of LiH powder has been studied under variable
water vapour exposures at ambient temperature and pres-
sure using diffuse reflectance infrared Fourier transform
(DRIFT) spectroscopy in order to understand the condi-
tions that promote hydrolysis and the mechanisms
involved. Hydrolysis rates were measured by monitoring
the growth of LiOH. Li,O was also selected for investiga-
tion because it has been identified as a possible intermedi-
ate product during hydrolysis of LiH.

2. Experimental
2.1. Materials

LiH (95% purity), Li,O (99.5% purity) and LiOH (98%
purity) were obtained from Alfa Aesar. KBr (99.99% spec-
troscopy grade), obtained from Aldrich, was used as the
background material for DRIFT spectra and was dried
at 400 °C for 24 h prior to use. All samples, including the
reference material, were sieved prior to use to produce
powders with a particle size range of 53-105 pm. All sam-
ple handling and preparation was performed in a dry argon
(approx. 10 ppm H,O) filled glovebox.

2.2. Equipment

DRIFT spectra were recorded using a Perkin Elmer
Spectrum 1B FT-IR spectrometer with a medium-band
(7800-580 cm ') MCT detector. The spectrometer was
coupled to a variable temperature environmental chamber
(Grazeby-Specac Ltd.) and Grazeby-Specac ‘Selector’ dif-
fuse reflectance mirror assembly. Prior to use, the environ-
mental chamber was purged with dry argon and heated to
500 °C for 24 h to remove residual water vapour from
within the chamber. A total of 64 scans per spectrum were
continuously recorded, during a period of up to 500 min,
over the spectral range 7004000 cm ! at a resolution of
8cm ! and scanning speed of 1cm™'s™'. This equated
to one spectrum collected every 38 s. The background spec-
tra were collected at the same temperature as the DRIFT
sample spectra. The background was automatically sub-
tracted from the sample spectra. None of the samples were
diluted but total absorbance kept low by utilising a small
platinum sample cup (7 mm diameter X 3 mm high) for
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