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1.2

Ag*¥. This has led to the foreign cation being incorporated
in the namne of the material, such as sodium beta alumina or

silver beta alumina.

Throughout the subsequent text the two major crystallographic
forms of sodium beta alumina will be referred to as B-Al,03
and B"-Al 20 3

STRUCTURE OF BETA ALUMINA

A discussion of the structures of the two beta alumina phases
will draw largely on the work of Mosely (1985). The beta
alumina group of oxides consists of structures composed of
slabs of four close-packed oxygen layers interspersed by
layers with a low atom density which contain the mobile
sodium (or other) cations. The close-packed oxide slabs
accommodate Al3* ions in both octahedral and tetrshedral

interstices.

There are two main subgroups of beta alumina which differ in
the stacking seguence of layers up the unique axis. The
first subgroup (B3-Al,03) which is stacked according to a
two-fold screw axis, contains a mirror plane through the
layers of mobile cations and results in hexagonal crystal
symmetry. The idealized structure of the unit cell of B‘Alzoa

is shown in perspective in Fig. 1.2. Figure 1.3 shows a llEO
section through the structure highlighting the oxygen stack-
ing along the c-axis. The figure shows how the slabs of
close-packed oxide extend normally to the hexagonal c-axis
with adjacent slabs held apart by rigid Al-0-Al spacer
units. Ionic diffusion occurs exclusively within the open

planes perpendicular to the c-axis.

The 8"-Al,0; subgroup is stacked according to the three-fold

screw axis, contains no mirror plane and has rhombohedral



symmetry. The idealized structure of the unit cell of
B"-Al,03 is shown in perspective in Fig. 1.2. The unit cell
is 50% larger than that of B-Al,03 by virtue of the differ-
ence in stacking sequence, as shown in Fig. 1l.3. Adjacent
close-packed oxide slabs are held apart by Al-0-Al spacer
units, but in this structure alternate sodium atome sites lie
above and below the plane through the centre of the cxide
spacer atoms and the Nat ion diffusion path encompasses a
finite volume (the conduction slab) rather than a plane as in
the B-Al,03 structure. Structural parameters for pB- and

g"-Al,0; are given in Tables 1.1 and 1.2.

The beta aluminas are known to be non-stoichiometric com-
pounds. The conduction layers for B-Al,03 and B"-Al,0;5 are
shown in Fig. 1.4 and indicate possible sites for excess
sodium ion accommodation in the conduction plane. Peters et
al. (1971) has shown that charge compensation for excess
sodium can occur by aluminium vacancies in the spinel layers
or by oxygen interstitial sites in the conduction plane. A
neutron study by Roth (1976) revealed the presence of a dis-
placed aluminium icn which binds with an interstitial oxygen
ion in one of the mid-oxygen sites in the conduction plane
resulting in a complex linear defect. The insertion of sugh
an oxygen ion would allow two extra sodium ions into the con-
duction plane. Potential energy calculations by Wang (1975)
appear to support the interstition oxygen bound to the dis-
placed aluminium ion as the most energetically favourable

charge compensation mechanism.

The high proportion of defect sites for the sodium ions in
the conduction layers, as well as the open structure of the
conduction plane imparts the beta aluminas with the ability
to conduct sodium ions while remaining electronically insula-
ting. This property of the material makes it an ideal solid
electrolyte for high temperature batteries. Theoretical as-
pects of the conduction mechanisms in beta aluminas have been
reported in detail by Manan (1976) and Highe (1981).
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FIGURE 1.2: Perspective drawing of the idealized structures of
B-Al,0; and 3"-Al,03 (from Mosely 1985)
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ranging from 600 - 1200 °C at 100 °C intervals. This study
aimed at characterizing the dehydroxylation behaviour of the

materials and determining their reordering sequences.

A common feature of the thermal behaviour of all these mate-
rials is that most events involving exothermic or endothermic
processes during heating occur below 600 °C. The only detec-
table thermal event above 600 °C is the transformation to a-
alumina which occurs between 1100 and 1200 °C for all materi-
als except diaspore which, as already noted, is the only form
of aluminium hydroxide which transforms directly to g-aluminsa
at about 480 °C. All these materials lose the more than 98

per cent of their lattice water below 600 ©C.

DTA traces were generated on a Du Pont 1090 thermal analyser.
Aoproximately G,1 g of the powdered sample was compacted =t
about 20 MPa to form a pellet of 4 mm diameter and approxi-
mately 6 mm thick. The sample was loaded into a platinum
sample holder. An identically compacted high purity alumina
was used as a reference material. The optimal heating and
cooling rate was found to be 5 °C per minute. Two parameters
were used to describe the thermal events appearing on the DTA
traces. The peak temperature (A) was defined as the maximum/
minimum value of thermal event. The onset temperature (B)
was defined as the point of intersection of the baseline with
the slope at the point of inflection of the thermal event.

These two parameters are illustrated in Fig. 3.2.

Af ter heating to equilibrium in a Kanthal furnace, the sam-
ples were ground in a agate mortar and pestle together with
2,5 mass per cent silicon XRD standard. Approximately 0,5 g
of the powder mixture was mounted on a glass XRD sample
holder and X-ray diffractograms were obtained from a Rigaku
X-ray diffractometer {Model Geigerflex D.Max III) with a CuKa
beam, generated at 40 kV and 25 mA. The samples were all run
in the 20 range (5°-70%) with a step-width of 0,02%6 at 2

seconds per step.
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The thermal analysis and nowder X-ray diffraction results are

discussed under the respective aluminium hydroxide materials.
3.2.1 Monohydrates (Boehmite and Pseudobcehmite)

The X-ray diffraction patterns of the monohydrates are pre-
sented in Fig. 3.1. The pseudoboehmite shows broad bands
which coincide with the strong reflections of the well-crys-
tallized hydrothermal boehmite. In the case of the pseudo-
boehmite, the peak position of the 020 reflection is shifted
to a lower angle value than the hydrothermal boehmite. This
shift in d spacing for the pseudoboehmite confirms the sug-
gestions by Papee, Tertian and Biais (1958) that pseudo-
boehmite cannot be regarded as a finely divided hydrothermal
boehmite. This observed increase in d spacing is due to the

accommodation of excess water in the pseudoboehmite lattice.

figure 3.2 represents the comparative DTA traces of hydro-
thermal boehmite and pseudoboehmite. Both samples show sig-
nificant surface water loss as indicated by an endotherm with
a peak position at 120 °C. The pseudoboehmite sample shows a
larger endotherm associated with the surface water loss than
the boehmite sample., This is due to the larger surface area
and smaller particle size of the pseudoboehmite sample when

compared to the hydrothermal material.

Pseudoboehmite shows a broad dehydroxylation endotherm with
an onset temperature of 320 °C and a peak position of 450 °C.
An exotherm with an onset temperature of 1200 °C and a peak
position of 1220 °C was also noted. Upon cooling, no thermal
events were observed confirming the suggestion that the

transition aiuminas are irreversible reordering seguences.

At 600 °C the transition alumina derived from pseudoboehmite

appeared to be a poorly crystalline material as indicated by

the broad XRD reflections. The quality of the X-ray data was
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FIGURE 3.1l: Diffraction traces of monohydrates



























































































































































