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ABSTRACT

Lithium aluminate was prepared by heating the hydrolysis products from
various combinations of lithium and aluminum alkoxides under an atmosphere
of nitrogen. The product was 0-LiAlO2 when aluminum iso-propoxide was a
starting material, whereas "yLiAlC^ was the product for preparations
starting with aluminum n-butoxide. The results were independent of the
choice of lithium alkoxide. The hydrolysis of aluminum sec-butoxide with a
solution of LiOH led to the Y phase as well. The temperature at which the -y
phase developed depended upon the conditions of the hydrolysis reaction and
was observed at a temperature as low as 550°C.

INTRODUCTION

Lithium alurainate is one of the ceramic materials being considered for a
tritium breeding blanket in fusion reactors (1). In preparing the ceramic,
it is important to be able to excersise some control over the
microstructure, since the microstructure is considered to play an important
role in controlling the rate of release of tritium from the blanket.
Although solid state reactions have traditionally been used to make ceramic
materials, preparations based on chemical reactions in solution have been
shown to offer much more control over the properties of the final product
(2). In particular, the hydrolysis of metal alkoxides has been used
extensively for the synthesis of ceramic powders with well controlled
particle sizes (2,3). The synthesis of a metal oxide from the alkoxide
involves reactions such as:

(1) ... M(OR)n + H20 »M(OR)n.1(OH) + ROH hydrolysis,

and,

(2 ) . . . 2M(OR)n_1(OH) »M(OR)n .1-O-M(OR)n_ l + H20 c o n d e n s a t i o n ,

wliorp M = motal atom .ind R = a l k v l group. The o v e r a l l ro . i c t ion to form a
d i n a r v <.>xi<W> is g iven by:

CO . . . M(OR)n + n/2H2O »M0n/;> + "HOH.



In this study, we investigate the synthesis of LiA102 powders by the
hydrolysis of mixtures of lithium and aluminum alkoxides in methanol. The
choice of aluminum alkoxide was found to determine whether the (1 or y phase
of LiAL02 was produced, while the conditions of the hydrolysis reaction
affected the temperature at which the y phase was formed.

RESULTS AND DISCUSSION

POWDER PREPARATION

The list of lithium and aluminum alkoxides used in the preparations of
LiA102 is shown in Table 1. All of the reagents are solids at room
temperature except aluminum sec-butoxide, which is a viscous liquid. They
were all obtained from Alpha Products and used without further purification.
The aluminum iso-propoxide was 99.999 Z pure whereas there was no stated
purity for the lithium iso-propoxide. All other alkoxides were 90 to 95 7.
pure.

The lithium and aluminum alkoxides that were solids were hydrolysed
according to the following procedure. 25 mL of methanol was placed in a
round bottomed flask and nitrogen bubbled through to purge the solvent of
carbon dioxide. Equimolar quantities of the lithium and aluminum alkoxides
were added to make a slurry that was about 30 % solids by weight. The
alkoxides were hydrolysed by adding from 1.5 to 3.5 times the amount of
distilled water required to complete the reaction. In some preparations the
lithium alkoxide was hydrolysed before the aluminum alkoxide was added, and
in others the lithium and aluminum alkoxides were hydrolysed simultaneously.
The hydrolysis products were dried and stored under nitrogen. The aluminum
sec-butoxide was hydrolysed by mixing it with a solution of LiOH such that
the Li:AL ratio was 1:1 and the water was present as a 16 - fold excess.
The hydrolysis products were heated under a nitrogen atmosphere in a Perkin-
Elmer thermobalance to convert them to LiAlC^. The thermocouple measuring
the sample temperature was calibrated using Perkin-Elmer ferromagnetic alloy
standards.

In order to exercise more control over the hydrolysis reactions, it would be
advantageous if the alkoxides could be hydrolysed as solutions rather than
slurries. None of the solid alkoxides showed a practical solubility in any
of the following solvents: methanol, ethanol, iso-propanol, n-butanol, or
acetone. Hence, only the aluminum sec-butoxide offers the potential control
available with a liquid system. The aluminum sec-butoxide should not be
diluted with alcohols other than sec-butanol due to the rapid exchange
between the alcohol and liquid alkoxide.

ALKOXIDE/ALCOHOL EXCHANGE

All of th*> reactions were done in methanol in order to eliminate possible
differences in the hydrolysis arising from different solvent environments.



However* the rapid exchange between alcohols and aluminum sec-butoxide
raises the question as to whether the solid alkoxides are also undergoing
exchange with the methanol. This question is of particular importance for
those reactions where the lithium and aluminum alkoxides were mixed together
in methanol prior to hydrolysis. If exchange was ocurring rapidly between
methanol and the aluminum alkoxide, then a mixture of aluminum alkoxides
would have been hydrolysed for each preparation, and the results would have
little meaning.

The rate of exchange between methanol and both aluminum n-butoxide and
aluminum iso-propoxide was measured by adding the alkoxides to methanol and
measuring the concentration of the appropriate alcohol, either n-butanol or
iso-pr->panol, as a function of time using NMR spectroscopy. The results for
aluminum iso-propoxide are shown in Figure 1. The initial, rapid build-up
of iso-propanol is due to hydrolysis by water present in the methanol. When
lithium methoxide is present, hydrolysis of this component tends to make the
solution basic and leads to a higher rate of exchange. However, the rate
with or without lithium methoxide is exceedingly small, so exchange prior to
hydrolysis can be safely ignored. In the experiments with aluminum n-
butoxide, the concentration of n-butanol was an order of magnitude smaller
than the iso-propanol, hence exchange can be ignored in the preparations
with aluminum n-butoxide as well.

HYDROLYSIS REACTIONS

Lithium methoxide, lithium iso-propoxide, and aluminum n-butoxide were
hydrolysed separately in methanol before examining the hydrolysis of any of
the mixtures. Both lithium alkoxides hydrolysed rapidly to produce a
solution of LiOH in methanol. The hydrolysis was complete within several
minutes as shown by the disappearance of the solid phase. The products from
the hydrolysis of aluminum n-butoxide were determined by x-ray diffraction
and were found to depend on the conditions of the hydrolysis. The
hydrolysis product at room temperature was Al(0H)3, or bayerite. The acid-
catalysed hydrolysis at 60°C produced AIO(OH), or boehmite, and the base-
catalysed hydrolysis at the same temperature gave a mixture of bayerite and
boehmite.

When equimolar mixtures of lithium and aluminum alkoxides were hydrolysed,
the products contained neither boehmite nor bayerite. Instead, the product
was a mixture of LiOH and a lithium dialuminate. The x ray diffraction
pattern of the products from the hydrolysis at room temperature of a mixture
of lithium methoxide and aluminum n-butoxide, measured at a wavelength of
0.1541 nm is shown in Figure 2. The x ray diffraction patterns of the
hydrolysis products obtained from the other mixtures of lithium and aluminum
alkoxides examined look identical. The diffraction lines at scattering
angles of 30.05°, 31.95°, and 33.60° (20) are from LiOH«H20, although ii
some preparations the LiOH was present in its anhydrous form. The rema ning
lines are from the lithium dialuminate.

There are two compounds reported in the literature which have nearly
identical x ray diffraction patterns that are a close match to the remain ng
lines in Figure 2. One is identified as Lithium aluminum hydrogen oxide
hydrate (A), LiH(AlO2)2«5H2O, and the other, LiOH-2Al(OH)3'2H2O, is callec



lithium aluminum oxide hydrate (5). An elemental analysis was reported for
the latter which showed that it contained two Al atoms per Li. Although the
diffraction patterns of these compounds show reflections at the same angles
as the pattern in Figure 2, there are some discrepencies in the relative
intensities of the peaks. Hence, an unambiguous identification of the
compound could not be made on the basis of its diffraction pattern. The
Al:Li ratio of 2:1 was confirmed by chemical analysis, hence it will simply
be referred to as a lithium dialuminate.

THERMAL ANALYSIS

The reaction between LiOH and LiH(A102)2
#5H20 (or LiOH«2Al(OH)3«2H2O) to

form LiA102 was studied by thermal gravimetric and differential thermal
analysis. The hydrolysis products lost either 40% or 44% of their weight
during their conversion to LiAlC^, depending on whether the LiOH was present
as the monohydrate or the anhydrous form. The samples reached constant
weight by 600°C. These weight losses correspond to one water of hydration
per lithium if the lithium dialuminate is written as LiOH#2Al(OH)3, or four
waters of hydration if it is written as LiH(A102)2> In each case, there is
one less water of hydration per formula unit than reported in the literature
(4,5). The loss of water results in a broad endotherm in the differential
thermal analysis ranging from room temperature to 500°C which obliterates
any information regarding the transformation of the hydrolysis products to
LiA102.

CONVERSION TO LITHIUM ALUMINATE

X ray diffraction showed that the reaction between the hydrolysis products
to form LiA102 had occured by 250°C, but the temperature at which a
crystalline phase of LiA102 developed and the identity of this phase
depended on the conditions and the reagents used for the hydrolysis
reactions. The results are summarized in Table 2. The products reported in
the table were made by heating the hydrolysis products under nitrogen to the
temperature stated and holding at temperature for 15 minutes. The reaction
must occur in the absence of carbon dioxide. Otherwise, the LiOH will
convert to the carbonate which does not react with the lithium dialuminate
until the temperature exceeds 700°C.

The phase of LiA102 that was produced by heating the hydrolysis products
depended on the aluminum alkoxide used for the hydrolysis. The preparations
that started with aluminum iso-propoxide gave 3~LiA102, whereas those
starting with either the n-butoxide or the sec-butoxide produced the ̂
phase. Poorly crystallized 0-LiALO2 was detected at a temperature as low as
250°C, and by 400°C the diffraction pattern was quite clear. In reactions
leading to >f-LiA102« the Y phase was preceded by an amorphous phase that
persisted over a temperature range of several hundred degrees. The
temperature at which the > phased developed depended on the temperature
during hydrolysis as well as the identity of the lithium alkoxide and the
order in which the metal alkoxides were hydrolysed. The details are given
in Table 2. There was no evidence that the y phase was preceded by (3 and,
in all preparations, only one crystalline phase of LiAlOo was produced. [t
is of interest to note that Hirano et al. reported the synthesis of 3-LiAlOo



at 600°C by starting with the hydrolysis of a mixture of lithium and
aluminum ethoxides (6).

The fact that different phases of LiA102 were produced from preparations
starting with different aluminum alkoxides implies that the structure of the
lithium dialuminate hydrolysis product depends on the aluminum alkoxide used
for hydrolysis. The lithium dialuminate hydrolysis product is not simply a
mixture of lithium and aluminum hydroxides, but is an entirely different
structure incorporating both lithium and aluminum in the same oxygen
framework. Factors such as the rate of hydrolysis and the steric effects of
the leaving groups, which change from one aluminum alkoxide to the next, can
certainly affect the structure of the hydrolysis product.

Any differences between the structures of the lithium dialuminates that
produced y and fl LiA102 were not revealed in the x-ray diffraction patterns.
A possible explanation for this is that the scattering of x-rays from
lithium is rather weak compared to that from either oxygen or aluminum,
since it depends on the number of atomic electrons. Since the x-ray
diffraction is dominated by the aluminum and oxygen atoms, the similarity of
the diffraction patterns among the lithium dialuminates from different
preparations implies that the aluminum-oxygen networks must also be similar,
and the difference must lie in the positions of the lithium atoms. In this
case, a complementary technique, such as neutron diffraction, might provide
more information.

SUMMARY

Different phases of LiAlC>2 have been produced depending on the aluminum
alkoxide used for the hydrolysis reactions. Preparations that started with
aluminum iso-propoxide produced p-LiA102» whereas those starting with either
n-butoxide or sec-butoxide produced the y phase. Neither the temperature of
hydrolysis, the order in which the alkoxides were hydrolysed, nor the
lithium alkoxide precursor affected the crystalline phase of LiAlC^
produced, although they did affect the temperature at which the y phase
developed. Although the aluminum alkoxide appears to have an effect on the
structure of the lithium aluminate hydrolysis product these differences were
not shown by x-ray diffraction, possibly because the x-ray diffraction
pattern will not be very sensitive to the positions of the lithium atoms.

Since the lithium and aluminum alkoxide powders did not dissolve in alcohol,
they must be hydrolysed as slurries rather than solutions. Whether or not
this is a disadvantage for controlling the microstructure has yet to b^
determined. If the hydrolysis must be done with mixing of the reagents on
the molecular scale in order to achieve control of the microstructure, the
hydrolysis of aluminum sec-butoxide, which is a liquid at room temperature,
with a solution of lithium hydroxide is a possible route. The hydrolysis of
the mixture of alkoxides did not lead directly to a precipitate of lithium
aluminate, but rather a mixture of lithium hydroxide and a lithium



dialuminate which combine to form lithium aluminate through a solid state
reaction by 250°C. Of particular interest to the fusion community is the
fact that, under certain conditions, this reaction can be used to prepare
the high temperature y phase of lithium aluminate at temperatures as low as
SSO'C before any significant particle growth or inter-particle sintering has
taken place.
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Table 1: The aluminum and lithium alkoxides used foe the synthesis of
LiA102.

Aluminum alkoxides AKOIO3

r
0

aluminum iso-propoxide -OR = CH3CHCH3

aluminum sec-butoxide
6

-OR = CH3CHCH2CH3

aluminum n-butoxide -OR = CH3CH2CH2CH2-O-

Lithium alkoxides Li(OR)

lithium methoxide -OR = -O-CH3

Lithium iso-propoxide -OR = CH3CHCH3



Table 2: A summary of the results of the syntheses of LiALC>2 from various
combinations of lithium and aluminum alkoxides.

Hydrolysis Reaction

lithium methoxide + aluminum
isopropoxide at 25°C 'a^

lithium iso-propoxide + aluminum
iso-propoxide at 25°C (a'

lithium methoxide + aluminum
n-butoxide at 25"C (a)

lithium methoxide + aluminum
n-butoxide at 25°C ( b )

lithium methoxide + aluminum
n-butoxide at 60°C tb'

lithium iso-propoxide + aluminum
n-butoxide at 25°C ( a )

lithium hydroxide + aluminum
sec-butoxide at 25°C

Product

poorly crystallized |3-LiAlQ2
at 2508C - distinct at A00°C

P-LiA102 at 600°C

poorly crystallized at 600°C
Y-LiA102 at 675°G

amorphous at 250° and A00°C
Y-LiA102 at 550°C

amorphous at 500° and 650°G
Y-LiA102 at 675°C

amorphous at 600°C
Y-LiA102 at 650°C

amorphous at 600°C
Y-LiA102 at 650°C

(a) - lithium and aluminum alkoxides hydrolysed simultaneously

(b) - lithium alkoxide hydrolysed first, followed by hydrolysis of aluminum
alkoxide



Figure 1: The amount of iso-propanol, expressed as a percentage of methanol,
produced by exchange between methanol and aluminum iso-propoxide
in the presence Qand the absence • of lithium methoxide as a
function of time.
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Figure 2: The x-ray diffraction pattern of the products of the hydrolysis of
a mixture of lithium methoxide and aluminum n-butoxide at 25°C.
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