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Abstract

In this study, lithium hydride (LiH) and its hydrolysis products were investigated non-destructively with neutron
radiography and neutron computed tomography. Relative neutron transmission intensities (I/Ip) were measured for
LiOH, Li,O and LiH, and their linear attenuation coefficients calculated from this data. We show that "Li is necessary for
creating large differences in I/ for facile identification of these compounds. The thermal decomposition of LiOH to Li, O
was also observed with neutron radiography. Computed tomography shows that the samples were fairly homogeneous,
with very few macroscopic defects. The results shown here demonstrate the feasibility of observing LiH hydrolysis with

neutron imaging techniques in real time.

1. Introduction

Lithium hydride (LiH) is a light, hydrogen dense mate-
rial which has received attention due to its use as a hydro-
gen storage medium [IH7], whilst its corrosion products,
particularly LisO, has been studied as candidate tritium
breeding materials for use in commercial nuclear fusion
[BHIO0] and as a electrode material in Li-ion batteries [11].
LiH reacts readily with moisture to irreversibly form sur-
face corrosion layers of Li;O, LiOH and LiOH-H,O [12-
19]. This poses problems for storage and handling and
the material must be kept and processed in vacuum or
an ultra-dry inert gas glove box. Even in these conditions,
the material slowly hydrolyzes due to trace quantities (less
than 1 ppm) of moisture [20, 2I]. Corrosion layer thick-
ness varies in size and morphology with the environmental
conditions [22H24]. On the other hand, controlled LiH hy-
drolysis has been proposed as an efficient hydrogen gener-
ator for portable applications [3, B 6]. Hydrolysis is given
by either:
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2LiH + H,0 —> Li,0 + 2H, (1)

40

Li,O +H,0 — 2LiOH
Alternatively:

LiH + H,0 —» LiOH + H,

LiH + LiOH —> Li,O + H,
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In both these reaction schemes, a thin layer of LisO
forms at the interface between LiH and LiOH. This pro-
cess is thought to be a diffusion limited process and results
in a trilayer LiH — LisO — LiOH corrosion system. There
is a growing consensus, both experimentally and theoret-
ically, that under ambient conditions, the hydrolysis re-
action proceeds via the formation of Li;O before LiOH
(i.e. formed by equations [I| and [2)) [12, [16] 25 26]. In
other words, Li;O is favored by lower moisture exposures
and at higher temperatures. At 298 K, the thickness of
the LioO layer is reported to be in the 10 nm range [16].
Upon heating to 523 K, the conversion of LiOH to LiO
has been observed on a LiH substrate [14] 22} 27]:

2 LiOH —» Li,0 + H,0 (5)

Several analytical techniques have been applied to study
these reactions, including infrared spectroscopic methods,
x-ray diffraction, gas pressure measurements or thermal
decomposition methods. By measuring the -OH resonance,
diffuse reflectance infrared Fourier transform (DRIFT) spec
troscopy has shown the presence of LiOH on the surface of
LiH following exposure to moisture. DRIFT spectroscopy
has also shown that —OH is lost upon heating, with hydrox-
ide being converted to oxide [14] 2], 28]. Raman spec-
troscopy has also been recently applied to the study of
LiH corrosion, in particular the measurement of the Li;O
phonon [29H3T]. Thermal decomposition and diffraction
have provided kinetic and mechanistic information on the
hydrolysis of LiH [20] and the subsequent thermal decom-
position of the LiOH layer [22H24].

Neutron characterization offers an alternative and as
yet unexplored method of probing the nature of LiH and
its hydrolysis products. Antecedent studies of LiH with
neutrons have, for example, focussed on crystallography
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[32] and Compton scattering experiments [33]. The use of
LiH as a neutron shielding material has also recently been
discussed [34]. As opposed to x-ray radiation, neutrons in-
teract strongly with Li and H and thus are attractive as ai
probe of LiH and its corrosion products. X-ray attenuation
is related to the atomic number of the atoms present in a
material and therefore LiH is amongst the poorest x-ray
absorbers. In the case of neutrons, attenuation is deter-
mined by the nuclear structure of a particular atom, with
natural Li and H exhibiting very high attenuation char-
acteristics. In this report, neutron radiography and com-
puted tomography (CT) data are obtained for the LiH cor-
rosion system. The main goal of these measurements were
to experimentally determine the relative transparencies of
LiH, LisO and LiOH to cold neutron irradiation. We also
wished to observe the thermal dehydration of LiOH with
neutron techniques and therefore to evaluate the possibil-
ity of imaging LiH corrosion in real time.

2. Experimental

2.1. Materials

Samples were produced from the compaction of pow-
ders at ~20.7 MPa (3000 psi) in a uniaxial Carver die press
using a 6 mm diameter die set. Micron sized LiOH and
Lio O powders were first pressed in laboratory atmosphere,
which took approximately 10 minutes, otherwise they were
stored in a dry Ar glove box. The laboratory was main-
tained at 293 K and had a relative humidity of about 45%.
The LiOH/Li5O sample and the die set were placed in the
glovebox, where the LiD powder was loaded. The whole
sample was sealed in a polyethylene bag, removed from the
glovebox and pressed. At no point was the containment'
of the polyethylene bag broken, hence the LiD layer was
not exposed to laboratory atmosphere. To ensure suffi-
cient neutron transmission, each 6 mm sample was sanded
down in the glovebox, by hand, to a thickness of 3 mm
parallel to the neutron transmission axis. =

Table [1] shows the isotopic composition of the samples
used here. The reason for selecting Li compounds enriched
with “Li is two fold. Firstly, samples containing natural
Li have sufficient %Li to prevent any neutron transmission
being observable. Secondly, we wish to observe LiH chem-"
istry and thus we are interested in spatial distributions
of H and O and therefore variations in attenuation due
to Li is not of particular interest; O and H are the mo-
bile species in this system. Instead of using LiH enriched
with the 7Li isotope, the decision was made to use Li*H
which reduces neutron attenuation via the use of the 2H
(D) isotope. We note that the use of "Li [35] and D [36] in
neutron characterization experiments has previously been
described. Also the use of D afforded the possibility of
observing D mobility in the Li;O and LiOH layers after
thermal treatment. As shown in table [T} the LiH samples145
are predominantly 2H and will be referred to henceforth as
LiD. Also for brevity 99.99% "LiOH will be refered to as
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LiOH. LiD samples were approximately 90% dense com-
pared to the theoretical maximum calculated from x-ray
diffraction [16] [37]. LioO and LiOH both exhibited densi-
ties in the region of 95-98% of their theoretical densities
[16].

Table 1: Isotopic composition of the samples used in this
study. Note that Li;O (2) was produced via heat treat-
ment of LiIOH, see table 2] for details. Natural O was used
in all samples.

Compound  Isotopic Composition (%)
6Li “Li 'H ’H
LiH 7.59 9241 8 92
LiOH 0.01 99.99 99.99 0.01
Li,O (1) 2 98
LizO (2) 0.01  99.99

Five samples were produced, four layered and one a
mixture of powders. A summary of sample composition,
nominal layer thickness and thermal treatment is presented
in table Of the four layered samples, the thickness of
the Li; O layer was varied (0.05 mm and 0.16 mm) to as-
sess its effect on reducing further hydrolysis of the LiD
during the thermal decomposition of LiOH (equation .
This effect is known to occur in samples containing native
corrosion products of LiD, in that further hydrolysis is a
diffusion limited process across the Lio O layer [22,[24]. We
note that these LioO layers are too large to be considered
representative of the ambient LiD hydrolysis system but
they still have the ability to give useful H,O transport in-
formation across the LioO layer. Thermal treatment was
performed ez-situ on samples 1 and 5. Samples were re-
moved from the glovebox, wrapped in Al foil before being
transported briefly in air to be loaded in an Al vessel. The
Al vessel was immediately evacuated to a pressure of ap-
proximately 3 Pa. The vessel was placed in a tube furnace
and was heated in 100 K increments to a final tempera-
ture of 673 K in about 30 minutes. The temperature was
monitored using a K-type thermocouple positioned on the
vessel. Pressure increased to 7.4 Pa immediately after the
temperature of 673 K was reached and returned to 3 Pa
after 45 minutes at temperature. After 3 hours, the fur-
nace was turned off and samples were left in the tube to
cool, while maintaining the vacuum.

2.2. Neutron Imaging

Neutron radiography was performed using the CG-1D
imaging instrument at the High Flux Isotope Reactor,
situated within Oak Ridge National Laboratory (ORNL)
(Tennessee, USA) [38]. The instrument provides a cold
polychromatic neutron beam with a wavelength spread of
0.08 — 0.6 nm, with an intensity maximum at 0.26 nm.
The overall neutron flux is estimated to be 5 x 10% cm?s!.
Neutron radiographs were captured on a LiF/ZnS scintil-

lator attached to a charge coupled device (CCD) camera
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Table 2: Chemical composition and thermal treatment of
samples used in this study. The dimensions given are nom-
inal. The pressure refers to the base pressure during heat1

treatment. Thermal treatment of LiOH converted it to
LixO (2).
Sample Layer thickness (mm) Thermal
LiD : Li,O (1) : LiOH Treatment
1 1:005:1 673K,3h,3Pa
2 1:1:1
3 powder LiD / LiOH
4 1:016:1
5 1:016: 1 673 K, 3 h, 3 Pa
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which has a field of view of 28 x 28 mm?. The camera
was Peltier cooled to about 210 K to reduce thermal noise
in the electronics. The resolution of the instrument was
determined with a Gd coated grid to be approximately
100 pm. To collect CT data, each sample was rotated
through 180° at an increment of 0.17°. 200
Neutron imaging relies on the attenuation of a neutron
beam as it traverses a given material. For each pixel (z,y)
the observed neutron flux, I, as a beam of neutrons trans-
verse a sample is given by the Beer-Lambert law [39H4T]:

205

I(x,y) = Io(x,y) exp(=2(z,y)d(z, y)) (6)

where I is the incident neutron flux, ¥ is the linear neu-
tron attenuation coefficient and d is the sample thickness,
in the direction parallel to the neutron beam.

At each angle a two dimensional radiograph was ob-*"°
tained with an acquisition time of 85 s. Prior to imaging
the samples, a dark field and an open beam image were
recorded. The dark field image was obtained with the neu-
tron beam stopped to record any dark currents in the CCD
apparatus. The open beam image was collected for a neu-*
tron beam without any sample, which is equivalent to the
incident beam intensity, Iy. With a sample placed in the
beam, the intensity on the detector was then the uncor-
rected transmitted beam intensity, I’. Since the samples
were enclosed within an Al vessel (to prevent atmospheric™
corrosion), the effect of the neutron attenuation from the
sample holder must be accounted for. The corrected rela-
tive transmission (I/1y) of the sample is therefore:

5

0

I_ I I
[P R P

where I’ is the uncorrected transmission and I, is the at-
tenuation due to the Al can. The relative transmission
of the Al can was measured to be 0.93 in a region close
to the samples, hence the relative attenuation (I,/Iy) is
0.07. This value is added to each measurement of I’ /Ij to
give I/Iy. In all figures and tables, the corrected relative
transmission is given.

I I'+1
a —+ a (7)225
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2.8. Chemical Characterization and Microscopy

In addition to neutron imaging, the pressed samples
were studied with optical microscopy and Raman spec-
troscopy. Specifically, similar samples were evaluated by
optical microscopy in air, before and after the heat treat-
ment to evaluate if dimensional changes with tempera-
ture and pressure occurred. Raman spectroscopy was con-
ducted on the LisO sample to confirm its integrity and
also on a heat treated sample at different locations. Each
sample was contained in a CF40 cell with a glass window
for Raman data acquisition. The instrument utilized was
a B&W TEK i-Raman Plus with a microscope attachment
(20x objective) with 532 nm excitation.

3. Results and Discussion

8.1. Preliminary Characterization

Optical images of a LiD / Li;O (1) / LiOH sample is
shown in figure[l} It shows a sample of nominal dimensions
of 1 mm : 0.16 mm : 1 mm, pre and post heating (equiv-
alent to samples 4 and 5, respectively, in table . The
layer thickness was measured to be LiD — 1255 pm, LisO —
118 pm, and LiOH — 1000 pm. The observed roughness of
these layers is ~ 50 pm and ~ 10 pm for the LiD — Lis O (1)
interface and the Li;O (1) — LiOH interface, respectively.
After heat treatment, it was observed that LiD was cov-
ered with a white coating, especially at the edges of the
layer and there was also evidence of separation of LiOH
from LisO. Within the limits of the interface roughness,
there was no measurable change in layer thickness after
the heat treatment. The white coating on this sample was
identified by Raman to be LiD with a minor amount of
LiyO, figure [2(a). This Raman spectrum shows a broad
feature centered around 2600 cm™' which is likely to be
LiD fluorescence similar to that previously observed for
LiH [30]. The symmetric stretch for Li — O — Li is barely
discernible at 517 cm™'. There was spatial variation in the
intensity of the Li;O feature, indicating that there was a
dispersion of LioO within the LiD matrix. Also character-
ized by Raman was the LisO layer. This was done to check
for LioO hydrolysis when the sample was briefly exposed
to atmosphere for pressing and thermal treatment. Figure
b) show a typical Raman spectrum for this layer, reveal-
ing that it was predominantly LisO with minor amounts
of LiOH (at 3666 cm™) and Li,CO; (at 1594 ecm™ and
1089 cm™) [14]. We conclude by stating that both LiD and
Li5O layers are of high purity with only a minor amount
of other compounds detectable.

3.2. Neutron Radiography

8.2.1. Neutron Radiography — Imaging

Representative neutron radiographs of LiD and its re-
lated corrosion products are shown in figure 3] The com-
position of samples in figure |3| are annotated on the figure
and described in more detail in table [2| They show strong
contrast between the LiD, LiOH and Li»O (2) (99.99%



240

245

250

255

Lens 220:X100

Lens Z20:X100

Figure 1: Optical microscopy of LiD / Li»O (1) / LiOH
sample prior to and after thermal treatment (673 K) in
rough vacuum (3 Pa). The left hand layer is LiD, the
middle layer is LioO (1) and the right hand layer is LiOH.

"Li) layers of each sample. The LiD layer in each sam—260

ple is rather opaque to neutrons, while the LioO (2) layer
is highly transparent to neutrons. The Li;O (1) (98%
"Li) and LiOH layers are both relatively strong neutron
absorbers due to their Li and H content, respectively.
Samples (2) and (4) particularly show that there is very
little difference in relative transmission between the LioO
(1) and the LiOH layers. The intention of sample (3), a
mixture of LiD and LiOH, was to observe the solid state
reaction between LiD and LiOH (equation ). It is clear
that there is an increase in neutron transparency compared270
to pure LiD, which is a result of the presence of the less
attenuating LiOH. The generation of LioO would reduce
neutron attenuation further and thus may cause localized
variations in neutron transparency. Although there is ev-
idence that there are variations in neutron transparency,
it is difficult to say whether these are a result of varia-
tions in O distribution due to Li;O or LiOH; or are simply
an artefact of the mixing process. Layered samples pro-
vide much more certainty in the assignment of compounds
and the chemistry involved. Samples (1), (4) and (5) were
prepared to explore the thermal decomposition of LiOH
(equation [5)) and the effect of the evolved H,O on LiD,
albeit with a artificially thicker Li;O (1) layer than occurs

LiOH

r/ Li,CO,

|

Li,0

|

(b)

Intensity (a.u.)

Li,0

- (@)

T T T
2000 1000 0

Raman Shift (cm™)

T
4000 3000

Figure 2: Raman spectra of (a) LiD portion of thermally
treated LiD / LioO (1) / LiOH sample, showing a minor
LioO feature; (b) as fabricated LizO sample, containing
minor amounts of LiOH and Li,COs.

naturally. Comparing samples (4) and (5), it is clear that
the LiOH layer has decomposed to Li3O. The only plausi-
ble explanation is that the strongly attenuating H has been
lost from this material, as per equation[5] To ascertain the
effect of LiOH decomposition on LiD, it was necessary to
examine line profiles of the neutron radiographs, which are
described in the next section.

8.2.2. Neutron Radiography — Line Profile Analysis

We now turn to the main purpose of this study: the
quantification of neutron radiographs. To do this, line pro-
files were obtained across the layers, which are displayed
in figure El Line profiles are displayed for samples (1), (2)
and (5). A line profile for sample (3) does not make sense
and sample (4) has essentially the same profile as sample
(2) albeit with a smaller LioO (1) layer, hence these pro-
files are not displayed. The large differences in neutron
transparency, among LiD, Li;O (2) and LiOH represents
a chemical fingerprint to easily identify the compound in-
volved in the hydrolysis of LiH. This effect could be ex-
ploited in future studies to view hydrolysis in real time or
to map the extent of the hydrolysis reaction in three di-
mensional space, similar to what has been demonstrated
for HyO transport in concrete [42], soil [43] and fuel cells
[44]. The red line in figure [4| shows that the difference
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Figure 3: Representative neutron transmission radio-
graphs obtained for samples 1 to 5 (see table[2|for details).
The isotopic composition of Li;O (2) and LiOH is 99.99%
"Li while LioO (1) has 98% 7Li. LiD is natural Li.
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in neutron transparency between Li;O (1) and LiOH is
rather slight, the two layers are only just discernible from
each other, with the difference being about 4%. A direct
comparison can be made of the neutron absorption be-
tween LizO (1) and LioO (2). A 3 mm sample of Li;O (1)
attenuates 49% of neutrons while LioO (2) attenuates just
4% of neutrons.

The line profiles also provide information on surface
roughness and thus may indicate reactions occurring at
material interfaces. Sample (2)’s line profile indicates that
the interface is ~200 pm wide. This is slightly broader
than the interfacial roughness measured by optical mi-
croscopy, probably due to the fact that neutron radiogra-
phy penetrates the whole sample while optical microscopy
is essentially a surface measurement. This sample has had
no thermal treatment and thus the roughness measured
from this sample is the natural roughness of the interface.

The line profile of sample (1) (blue line in figure |4))
shows that the interface is broader than sample (2), ~450 pm.
Sample (1) contains a Li;O (1) layer that is nominally
50 pm thick. This leaves a difference of about 200 pm,
which is either: an increase in roughness due to a degree
of delamination as in sample (5); or thermally induced hy-
drolysis of the LiD layer, through liberation of H,O from
the LiOH layer. Optical microscopy (figure [1)) would sug-
gest that thermally induced delamination of this sample is
rather small (of the order of 10 um), while the whitening
(LizO formation) at the interface is of the order of 100 pm,
which is consistent with the neutron imaging. As LiD is
formed of natural LiH, hydrolysis of this layer would mean
that the neutron transparency of this layer would tend to-
ward LioO (1) with a relative transmission of 0.51, consis-
tent with line profile analysis.

In addition, the LiD — free space interface was mea-
sured. It has a similar roughness (~220 pm) before and
after thermal processing, according to neutron radiogra-
phy. Optical microscopy, figure[I] suggests that oxide layer
at the outside of the LiD layer is ~150 pm thick. The lack
of any difference in the neutron radiography (a bulk mea-
surement) between pre and post thermal treated samples
would suggest that hydrolysis at this interface is a surface
effect and does not penetrate particularly far into the bulk
of the material. Raman spectroscopy (ﬁgure is support-
ive of this assertion as the data shows that Li;O is only
present in small quantities on the LiD surface.

The linear attenuation coefficient, X, can be measured
from experiment, as described by equation [6] It can also
be estimated from the physical properties of the material.
¥ is given by [45]:

pNa
e ®)
where ¥ is the linear attenuation coefficient, o()\) is the
total neutron cross section for neutrons of wavelength A,
N is the atom density, p is the material density, N4 is
Avogadro’s number and M is the molar mass. The total
neutron cross section is the sum of the scattering and ab-

Y=0A)N=o0
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Figure 4: Line profiles derived from figure Blue line:
line profile from sample (1), Li;O (2) / Li;O (1) / LiD.
Red line: sample (2) LiD / Li;O (1) / LiOH. Black line:
sample (5) and LiD / Li»O (1) / LisO (2). LizO (2) ands,
LiOH have 99.99% “Li content while LioO (1) has 98% "Li.
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sorption cross sections. Table [3|shows the absorption and
scattering cross sections for isotopes relevant to this study.
Table [4 shows the physical properties; derived and mea-
sured values of ¥; and the expected and measured I /I for
a 3 mm thick sample.

Table 3: Thermal neutron (A= 0.18 nm) cross section data
for relevant elements and isotopes. oy is the neutron scat-
tering cross section and o, is the neutron absorption cross
section. Data sourced from [40], 46H49].

Element o5 (barns) o, (barns)
H 82.02 0.33
’H (D) 7.64 5x10™*
SLi 0.97 940
LiH 1.37 70.5
98% TLi 1.39 18.85
"Li 1.40 0.05

0 4.23 2x10

As can be seen in table 4] deviations between calcula-
tion and experiment exist. The reasons for which will now
be discussed. Applicable to all materials is the fact we have
used a cold neutron source (A= 0.08 — 0.6 nm, peaked at
0.26 nm), but the calculations are performed with thermal
neutrons (A= 0.18 nm). This will cause greater atten-
uation due to the fact that neutrons have a higher cross-
sections in the cold range. However, as can be seen in table
[ attenuation in some materials is actually lower, hence
the cold source cannot be the only reason why deviations
occur.

In terms of particular materials, the values obtained for
I/1y and ¥ for LiD and Li5O (2) are in reasonable agree-
ment with the calculated values. Transmission is slightly
higher in both cases. Much of the deviation can be ac-
counted for by noting that the density of these materials
is less than the theoretical maximum. In the samples used
here, LiD was measured to be ~90% dense, while Li;O (1)
and LiOH were measured to be 95-98% dense. If one ap-
plies a correctional factor of 0.9 and 0.95 to the calculated
values of I/Iy for LiD and LiO (2), respectively, then it
improves the agreement between calculated and measured
values. Furthermore, the Li2 O (2) layers have been formed
by the dehydration of LiOH. Escape of H,O during this
process has been shown to cause spallation and cracking
and thus will increase the porosity of the material [22424],
further increasing neutron transmission. For LisO (1), the
measured I/I is lower (more attenuating) than expected
from calculation. This is likely a result of contamination.
The LioO (1) layer was formed in ambient laboratory con-
ditions, which has been shown in figure [2| to contain small
but detectable levels of LiOH and Li,CO4. LiOH contains
H, hence it is a more effective neutron moderator and may
explain why the observed attenuation is slightly greater
than the calculated value.

On the other hand, there are significant differences be-
tween the value obtained for ¥ from calculation and ex-
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Table 4: Relative neutron transmission (I/ly) of compounds relevant to this study. p is material density, M is molar
mass, N is the atom density, X is the linear attenuation coefficient, which was calculated from equation [8| Percentages
refer to the isotopic concentration of “Li, except LiD where it is labelled individually. The calculated values of ¥ assume

idealize material composition and no beam hardening effects.

Compound P M N ¥ (em™) 1/I
(gem™)  (gmolt) (x 10?2 cm™) Calec. Exp. (£ 0.15) Calc. Exp. (& 0.01)
92% LiD 8% LiH 0.86 8.86 5.86 5.00 4.36 0.22 0.27
99.99%"LiOH 1.47 23.98 3.65 3.21 1.99 0.38 0.55
98% "LizO (1) 2.02 29.98 4.05 1.81 2.24 0.58 0.51
99.99% "LizO (2) 2.02 29.99 4.05 0.29 0.13 0.92 0.96

periment for LIOH. The experimentally obtained attenua-
tion parameters for LiOH is significantly less attenuating
than would be expected from calculation. Beam hard-
ening, whereby low energy neutrons are preferentially re-
moved, may contribute to the observed deviations in I/l
and ¥ for this material. Several mathematical models have
been produced to correct for beam hardening [50H52], how-
ever, the application of them here lies outside the scope of
this study. This effect will shift the observed I/Iy to a
higher value and will therefore reduce the observed ¥. It
is known to be particularly evident in strong neutron ab-
sorbers, hence it would be expected to contribute here.

3.2.3. Neutron Radiography — Tomography

CT allowed for the three dimensional visualization of
the LiD, Li;O (1), Li;O (2) and LiOH layers. A three
dimensional rendered volume of samples (4), (2) and (1)
are shown in figures [f[a), (b) and (c), respectively. In
sample (4), the LiD layer is clearly discernible from the
LiOH layers; however, the Li;O (1) / LiOH interface is
indistinct with a boundary that is not easily identifiable.
There is a small defect evident at the surface of LiD layer.
The sample appears to have been chipped which probably
occurred during sample fabrication.

Figure[5|(b) shows a three dimensional rendered volume
of sample (2). The main difference between this and figure
[f(a) is that the Li>O (1) layer is larger. Again the bound-
ary between the LioO (1) and LiOH layers is unclear. It
also reveals that this sample is highly homogeneous within
each layer, with only a small defect visible at the LiD /
LizO (1) interface, which was possibly introduced into the
sample during pressing. Line profile analysis, figure [ is
the more reliable method for distinguishing between these
two layers. In addition, the tomography of this sample re-
veals highly neutron attenuating impurities, which appear
as two near spherical intense red features in figure [5|(b).
These impurities are likely to be a result of contamination
during sample preparation.

Figure c) shows a two dimensional cut through sam-
ple (1). The Li;O (2) layer was too transparent to be
effectively depicted as a colormap, hence a grayscale im-
age is presented here. The two dimensional cut through
the LiD / Li;O (2) sample revealed only a small amount
of roughness observable at the interface. During thermal

O

highl
attenuating impurit

O

& 0.5
0

Figure 5: Three dimensional rendered volume of samples.
(a) sample (4), LiD / Li;O (1) (160 pm) / LiOH specimen.
The intense red area is LiD and the intense green area
is LIOH. The diffuse green area surrounding the sample
is the sample container. (b) sample (2), LiD / Li;O (1)
/ LiOH specimen. The intense red area is LiD and the
intense green areas are LioO and LiOH. The diffuse green
area surrounding the sample is the sample container. (c)
sample (1) LiD / Li;O (1) (50 pm) / LisO (2) sample. The
bright area is LiD and the transparent area is LioO (2).
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decomposition of LiOH, H,O escapes from the material,
which has been previously shown to cause cracking and
spall from the surface [24]. However, there is no conclusivess
evidence of cracking in the Li;O (2) layer in this sample.
Small variations in neutron transmission (less than 2%) are
apparent, but this is too low to assign to cracking. The
fact that Li2 O (2) is highly transparent (I /Iy = 0.96, table

hinders the observation of cracking. Indeed, the resolu-sss

tion of the instrument (100 pm) may not be sufficient to
observe cracking, which has been previously reported to
be of the order of 10 pm.

In all CT reconstructions it was clear that there was a
variation in the transmitted neutron intensity of the LiD
layer. This can be visualized as red/yellow/orange color
variations in figures [5fa) and (b) and grayscale contrast,,,
in (c). The samples all have decreased neutron transmis-
sion at the edges and increased transmission in the core of
the material. The most plausible explanation is that this
effect is a result of variations in material density. Com-
paction of powders were performed using a uniaxial press,,,
(at a modest pressure), which is known to introduce den-
sity gradients into materials [53]. Frictional forces reduce
the transmitted pressure as it progresses through a mate-
rial and thus the centre of the material is less dense than
the outer regions. Line profiles provide an average trans-.,
mitted intensity while CT scans can provide information
on a more localized scale.
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Neutron radiography has been shown to be an effec-

tive technique in observing LiH and its hydrolysis prod-
ucts. The large differences in the relative transmission
of neutrons through LiD, "LiOH and 7LizO allow for un-
ambiguous identification of these compounds. For these,,,
compounds, ¥ was measured and compared to calculated
values. Agreement was generally good, however, there was
a tendency for calculation to overestimate the observed
values of X. This deviation was ascribed to a combination
of beam hardening, the fact that a polychromatic neu-
tron source was employed, and to residual sample poros-
ity. Neutron imaging has also proven to be effective in the
observation of the thermal conversion of LiOH to LisO,
where the loss of H in this process is clear. There is also an
increase in the width of the LiD — LiOH interface, sugges-,;
tive of further hydrolysis of the LiD layer. Tomographic
methods give further insight into the three dimensional
structure of these layers, primarily impurities, structural
defects and density variations. The only detriment identi-
fied is the spatial resolution, approximately 100 pm, which
precludes observing the initial stages of the hydrolysis re-
actions. The neutron imaging data provided here gives asys
basis for future research into LiH hydrolysis. In particular,
the data presented here shows that three dimensional, time
dependent observations of processes such as LiH hydrolysis
and LiOH thermal decomposition are feasible with neutronss
imaging and may contribute significant additional insight

into these phenomena. Furthermore, new neutron imaging
facilities, such as the versatile neutron imaging instrument
(VENUS) at ORNL [54] and a neutron microscope at the
National Institute of Standards and Technology [55] are set
to come available in the next few years. These instruments
will feature intense beams and resolution on the order of
1 pm, which may open up exciting possibilities regarding
imaging the early stages of LiH hydrolysis and elucidating
microscopic features.
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