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The phase transformation of 5Al,0; occurring in Saffil fibres during their infiltration with
molten Mg-8 wt % Li alloy was studied by secondary ion mass spectroscopy, X-ray
diffraction and infrared spectroscopy methods. It has been shown, that lithium penetrates
very quickly into the whole fibre volume, attaining up to Li/Alx 0.25-0.30 ion ratio. The
metastable spinel-like compound, y(Li), was formed by incorporation of Li* ions into the
8Al,03 lattice in which the basic spinel structure unit has been assigned by the formula
Alg [Al (40 - x)s]s-2x3Lix]O32. During long-term annealing, a further transformation

v(Li) — LiAlsO; proceeded, and LiAlO, aluminate was also identified in Saffil fibres with high
Li/Al concentration ratio values. In parallel with lithium, magnesium also penetrated the
Saffil fibres within an infiltration period; however, the incorporation of magnesium into the

spinel lattice has not been observed.

1. Introduction

The Saffil* fibres (SF), which have been developed
specially for an application in metal matrix com-
posites, are widely used as the reinforcements in light
metal matrices (aluminium, magnesium and their
alloys) [1]. A dominant structural component of SF
are the 8Al1,05 crystallites which represent a meta-
stable transitive alumina product of the bohmite
vAIOOH irreversible transformation towards aAl,O5
occurring at temperatures of 873-1173 K

'YAIOOH e d 'YA1203 i 6A1203 —> ®A1203 hd U,Ales
1)

As far as the ®Al,0; stage, this transformation se-
quence proceeds within a framework of an approxim-
ately cubic close-packed oxygen sublattice and it may
be ideally accomplished solely by an Al** cation mi-
gration and ordering process [2]. The 5-Al1,0; phase
is a superstructure of three tetragonally distorted
spinel cells with cell parameters c;~3c,, as=a, [3].
The pressure infiltration of SF preforms with MgLi
alloys is a promising means of preparing the metal
matrix composites combining very low density and
satisfactory strength and deformation characteristics.
The SF, however, are damaged in contact with molten

MgLi alloys due to lithium penetration into the SF
interior, resulting in their brittleness [4].

In a previous work [ 5] we have studied this interac-
tion by different experimental methods, concluding
that a gradual transformation of 8Al1,0; lattice to-
wards the spinel LiAlsOg took place where some of
the Li* ions were assumed to be substituted by Mg? ™.
In the same paper, the model of this interaction was
discussed, assuming that lithium penetrates along
S8AL, O grain boundaries forming Li,O, and conse-
quently Li* diffuses into the tetragonal 5Al1,0, lattice
gradually occupying the vacant octahedral sites by ion
exchange AI’* 4+ 200 =3Li* forming the mixed
AL:Os—LiAlsOs spinel compound, y(Li), which can be
transformed to the lithium spinel LiAl;Og in the final
stage.

To make this model conception more precise, or if
need be to correct it, we have investigated in more
detail the O0Al,O;— LiAl;Og transformation by
means of secondary ion mass spectrometry (SIMS),
X-ray diffraction (XRD) and infrared spectroscopy
(IR) methods using the SF, that were extracted from
SF/Mg8Li-type composite samples by dissolution of
MgLi matrix, which represent different interaction
stages.

*Saffil is the Trademark of Imperial Chemistry Industries plc for their alumina fibres.
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2. Experimental procedure

2.1. Saffil/Mg8Li composites fabrication

The samples of SF/Mg8Li type composite materials
were prepared in the same way as described in more
detail elsewhere [5], i.e. by pressure infiltration of SF
preform in an autoclave under an argon pressure (up
to 6 MPa) at temperatures of 888-908 K and contact
times of 4-30 s, and also extremely at 918 K/420 s. The
contact time is defined as the interval between the
start of argon pressure application and a sample pull-
ing out from the molten metal bath. The SF preform
(Saffil RF grade, ICI, Runcorn, UK) contained about
20vol % alumina fibres and about 34 wt% SiO,
binder. The alumina fibres have a polycrystalline
structure (~ 50 nm crystallites size) in which 6A1,04
as the predominant phase contains a small amount of
silica (3—4 wt %) to stabilize the 6 polymorphism and
inhibit crystallite coarsening [6]. The:-Mg—8 wt % Li
matrix alloy was prepared by alloying of magnesium
(purity 99.9%) with lithium (purity 99.95%) under an
argon pressure.

2.2. Fibre extraction
The as-prepared composite material samples were dis-
solved in 10%Br-CH;COOCH; solution at its
boiling point and extracted SF were then centrifugally
separated and decanted.

2.3. Secondary ion mass spectrometry

The as-extracted SF were mechanically impressed into
indium foil (purity 99.99%) and analysed by the SIMS
method (IMMA, Applied Research Laboratories,
USA). For the measurement of elemental depth pro-
files or intensity versus time profiles, respectively, the
emitted secondary ions were taken from an area of
30 x 30 um? covered by the extracted fibres during
sputtering an area of 60 x 60 um? with Ar™ ions for
about 60 min at 18.5 keV and 40 nA.

2.4. Infrared spectroscopy

The infrared spectra were recorded from extracted SF
on JFS 66v set with a Fourier transform—infrared
spectrometer (Bruker) in the wave number range
400-900 cm ™!, The studied fibres were dispersed in
paraffin oil (Nujol).

2.5. X-ray diffraction

Transmission X-ray diffraction patterns of the SF
samples were taken using the Stoe Stadi P system with
CoK,, radiation.

3. Results

3.1. Secondary ion mass spectrometry
(SIMS)

A typical morphology of SF extracted from Mg8Li

matrix is shown in Fig. 1. The SIMS method was used
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Figure I Scanning electron micrograph of SF extracted from Mg8Li
matrix.

for semiquantitative determination of relative Li/Al
and Mg/Al elemental concentrations in as-extracted
SF by registration of 7Li*, 2*Mg*, 2°Mg* and
27A17 secondary ions and normalizing the calculation
with an empirical sensitivity factor.

Fig, 2a and b show typical measured intensity ver-
sus time and calculated relative concentration profiles
of the samples under investigation. In contrast with
the strongly decreasing intensity profiles (more than
one order of magnitude), the relative concentrations
vary only in the surface region. It was impossible to
perform a depth calibration of the intensity versus
time profiles because of the irregular sputtering ero-
sion of impressed SF.

In Fig. 3, eroded SF are shown in a sputtering crater
area manifesting that the secondary ion mass spectra
have been taken not only from the surface regions but
gradually from the whole fibre volume. It corresponds
to the results of sputtering experiments obtained by us
from flat alumina samples exhibiting an erosion depth
of about 1-2 um under the same sputtering condi-
tions. The intensity drop, which is evident in Fig. 2a,
can be attributed to the removal of weakly embedded
SF during the indium foil erosion.

In Table I the relative lithium and magnesium con-
centrations are presented that have been obtained
from: (a) SF which were infiltrated with Mg8Li alloy
at 888 and 908 K for 4,15 and 30s, as well as
918 K/420 s (b) from magnesium matrix-extracted SF
(953 K/420s) and, (c) virgin SF. The data in paren-
theses are the infiltration process variables (temper-
ature/time). In both SF extracted from a magnesium
matrix and virgin SF, lithium was detected in traces
only. Nevertheless, already within the shortest contact
time (4s) a relatively large amount of lithium was
accumulated in SF during their infiltration with
Mg8Li alloy, suggesting a very fast lithium penetra-
tion into the SF interior.

As seen in Table 1, in parallel with lithium, magne-
sium also penetrated in a significant amount into SF
during their contact with molten Mg8Li alloy (up to
Mg/Al~0.06 concentration ratio—note that in the
present paper all relative concentrations are given as
ratios of atomic concentrations corresponding to the
ion ratios from the chemical point of view) in depend-
ence on the infiltration process variables (temperature,
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Figure 2 (a) Typical measured intensity versus time profiles of "Li*,

24Mg™*, 2°Mg™ and 27Al* secondary ions taken from as-extracted
SF; (b) corresponding relative concentration versus time profiles.

time). On the other hand, the magnesium concentra-
tion level in SF that were extracted from a magnesium
matrix remained nearly the same as that in virgin SF,
ie. below the Mg/Al~0.01 concentration ratio.

3.2. Infrared spectroscopy (IR)

In Fig. 4 the IR spectra, which were taken from virgin
SF as well as those as-extracted from both magnesium
(953 K/420s) and Mg8Li matrices (888 K/4s, and
918 K/420 s), are presented in the wave number range
400-900 cm~!. There are at least five absorption
bands resolvable in the IR spectrum belonging to the
virgin SF (line a) : 560, 645,721,756 and 822 cm™1,
Some of them (560,756 and 822 cm ™ ') lie close to the
principal bands reported for yAl, O3 [7] and 6A1,0;
[8]. The band at 721 cm ™! is related to the Nujol
spectrum [9], though we have also found the same
band in SF treated by the KBr technique, i.e. this band
is also inherent in the SF samples.

Considering that the 8Al,0; lattice contains both
tetrahedral AlO, and octahedral AlOQ4 coordination
groups of the condensed type, consistent with the
appearance of their spectral bands in the
500-680 cm ! and 700-900 cm ™! regions [8], the 560
and 645 cm ™! bands should be related to the AlOg

Figure 3 Scanning electron micrographs of eroded SF in a sputter-
ing crater area: (a) micrograph from the whole crater region; (b)
detail from the crater rim.

TABLE I Relative lithinm and magnesium concentrations in as-
extracted SF determined by the SIMS method

Infiltration process Matrix Ton ratio
variables

X) s) Li/Al Mg/Al
953 420 Mg < 0.001 0.007
888 4 Mg8Li 008~ 0.007
888 15 0.09 0.009
888 30 0.30 0.03
908 4 Mg8Li 0.10 0.02
908 15 0.09 0.03
908 30 0.25 0.06
918 420 Mg8Li 0.28 -
Virgin SF < 0.001 0.007

groups, whereas those at 721,756 and 822cm™!

should be related to the AlO, tetrahedra.

Although throughout this series (lines a-d) both

virgin and as-extracted SF manifest quite a similar
feature of IR spectra, maintaining the chief absorption
bands, a tendency to be less complex and more broad
with the increase in lithium content is significant. In
particular, the band at 560 cm ™! (lying between 400
and 700 cm ~ ') becomes more intensive, extending to-
wards lower frequencies (line d).
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Figure 4 IR spectra taken from virgin and as-extracted SF: (a) virgin
SF; (b) SF from a magnesium matrix (953 K/420 s); (c) SF from
Mg8Li matrix (888 K/4 s); (d) SF Mg8Li matrix (918 K/420s).

The lithium spinel LiAl;Og was expected to be
formed during infiltration of SF with molten Mg8Li
alloy. However, a comparison of IR spectra obtained
from as-extracted SF with those reported for both
ordered and disordered LiAl;Og spinel compounds
[7, 10, 11] did not confirm this assumption. In order
to identify the presence of lithium in SF by IR spectro-
scopy, the virgin and also some of the as-extracted SF
were annealed at 1523 K/10 min in argon (spectral
purity) and then cooled to room temperature for 10 h
(according to [7]) with the aim to fix the ordered
LiAlsOgz polymorphism displaying a characteristic ex-
tremely complex IR spectrum. The corresponding IR
spectra are presented in Fig. 5 and the ordered
LiAl;O4 compound occurrence is evident here, where-
in the intensities of absorption bands seem to be
correlated with lithium content (see Table I). Tarte [§]
has attributed, by °Li-’Li isotopic shift, the wave
numbers of 490,536,561 and 614cm ™! in ordered
LiAl;Og compound to the mixed (Al-O) + (Li-O) vi-
brations, and 647,681,729,727 and 869 cm ! to the
pure Al-O stretch vibrations.

Fig. 6 shows the IR spectra belonging to the SF
(infiltrated at 918 K/420s) in both (a) as-extracted,
and (b) annealed states. Absorption bands that were
assigned by Tarte [8] for mixed (Al-O) + (Li-O) vi-
brations are marked by “ x” in line (b). As seen, these
mixed vibration modes are well fitted into the region
of a broad absorption band, 400-700 cm ™! in line (a),
which suggests that the above-mentioned changes in
this absorption band (increased intensity, shift to-
wards lower frequencies) can be attributed to the pres-
ence of randomly distributed Li* ions.

3.3. X-ray diffraction (XRD)

Complementary to the IR spectroscopy, the XRD
measurements were performed with the same SF sam-
ples. In Fig. 7 the XRD patterns are presented which
have been obtained from (a) virgin SF, (b) SF extrac-
ted from a magnesium matrix (953 K/420s), (c—¢) SF
extracted from an Mg8Li matrix (888 K/4s,
908 K/30 s, and 918 K/420 s), as a representative series
of studied SF samples. In all XRD patterns, the strong
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Figure 5 IR spectra taken from annealed both virgin and extracted
SF: (a) virgin SF; (b) SF from Mg8Li matrix (888 K/4 s); (¢} SF from
Mg8Li matrix (918 K/420s).
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Figure 6 IR spectra taken from (a) as-extracted SF (918 K /420 s) and
(b) annealed SF (918 K/420 s). Bands assigned by “x” correspond to
the mixed (Al-O) + (Li—O) vibrations.

400 and 44 0 reflections are visible, originating chiefly
from the oxygen fcc layers, which remain relatively
unmoved from their positions in 6Al,O5 superlattice
suggesting the maintenance of elemental spinel cells
during the infiltration process.

The 400/0.0.12 and 440/4.0.12 line splits indicate
some tetragonal distortion of spinel cells belonging to
the dAl,0; superlattice in virgin SF. The gradual
0.0.12—-400 and 4.0.12 - 440 lines confluences
reflect the disappearance of planes with high indices as
a result of 6A1,0; spinel cells tetragonal distortion
removal. We have used the 0.0.12 — 400 lines con-
fluence to demonstrate the dynamics of these pro-
cesses. As seen in Fig. 8 there is no difference between
SF infiltrated with pure magnesium (sample 2) and
virgin SF (sample 1). Already a very short contact of
SF with molten Mg8Li alloy (888 K /4 s) was distinctly
displayed by the reduction in differences between 400
and 0.0.12 reflections (sample 3). On the other hand,
within a relatively large interval of infiltration process
variables (888 K/4 s-908 K/30 ), only the small cha-
nges in 0.0.12—->400 confluence were observed
(samples 3 and 4). The 0.0. 1 2 line disappeared totally
in the long-term infiltrated SF (sample 5).
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Figure 7 XRD patterns taken from virgin and as-extracted SF: (a)
virgin SF; (b) SF from a magnesium matrix (953 K/420s); (c) SF
from Mg8Li matrix (888 K/4s); (d) SF from Mg8Li matrix
(908 K/30 s); (e) SF from Mg8Li matrix (918 K/420 s).
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Figure 8 The dy ¢ and dy o1 » values corresponding to XRD pat-
terns in Fig. 7: (1) virgin SF; (2) SF from a magnesium matrix
(953 K/4205s); (3) SF from Mg8Li matrix (888 K/4 s); (4) SF from
Mg8Li matrix (908 K/30s), (5) SF from Mg8Li matrix
(918 K/420 ).

The diagram in Fig. 8 can be easily transformed to
be in terms of a and ¢/3 cell parameter values which
more explicitly show the tendency towards removal of
tetragonal spinel cells distortion with increasing lith-
ium content (Fig. 9). The changes towards an ideal
cubic cell (¢/3a — 1) were accomplished mainly by
increasing in the ¢ parameter, while the a value re-
mained quite unchanged, resulting in some volume
expansion (about 2%) of spinel cells, as demonstrated
by the dashed line diagram in Fig. 9. It should be
noted that ¢ and a have been calculated from 400 and
0.0.12 lines only.
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Figure 9 The a and ¢/3 cell parameters of the A1, O; superlattice,
which correspond to the basic spinel structure unit, as well as (- - - -)
its volume changes calculated from XRD patterns in Fig. 7. (1)
virgin SF, (2) SF from a magnesium matrix (953 K/420s), (3) SF
from Mg8Li matrix (888 K/4s), (4) SF from Mg8Li matrix
(908 K/30s), (5) SF from Mg8Li matrix (918 K/420 s).

Both 118 and 222 reflections are inherent in the
5A1,05 superlattice [12] and they cannot be simply
reindexed in the fcc spinel cell. As seen in Fig. 7, the
118 and 222 lines are observed in a whole series of
XRD patterns; nevertheless, I | g and I, , , intensities
are gradually weakened relative to the strongest
I400 line. On the other hand, the 220 reflection,
which is typical for the fcc spinel cells, does not
appear in the XRD patterns presented here; however,
in some other samples of long-term infiltrated SF
(918 K /420 s), the 220 line was identified. These facts
indicate that during infiltration of SF with molten
Mg8Li alloy, the decomposition of §A1,0; superla-
ttice into individual spinel cells occurs to a certain
degree.

The XRD patterns taken from annealed SF (corres-
ponding to IR spectra in Fig. 5) are presented in
Fig. 10. The ordered LiAlsOg spinel (cell parameter
a = 0.7905 nm) was found in both short- (sample b)
and long-term (sample c¢) infiltrated SF. In parallel
with the LiAl;Og compound, xAl,O, was also identi-
fied in sample (b), whereas in sample (c) XRD lines
belonging most probably to the LiAlO, aluminate
were found. In the annealed virgin SF, the 6,0 and
a-Al,O; phases were detected, ie. the incomplete
transformation towards the stable a-Al,O; phase pro-
ceeded here (sample a).

4. Discussion

The model of interaction of SF with molten MgLi
alloys presented elsewhere [5] and briefly described in
the opening part of this paper, is based on the assump-
tion that lithium penetrates along 8Al,05 crystallite
grain boundaries where the Li,O oxide is formed by
reduction of SiO, and Al,O; and, consequently, Li*
ions diffuse into 6-spinel cells to form the mixed oxide
Al,05-Li,O. An ability of small alkali ions to pen-
etrate the defective alumina spinel lattice is well
known [13], and the available cation vacancies seem
to play an important role there. As reported by Levy
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Figure 10 XRD patterns taken from annealed SF: (a) virgin SF, (b)
SF extracted from Mg8Li matrix (888 K/4 s), (c) SF extracted from
Mg8Li matrix (918 K/420 s). ( x) aAl,O3, (0) LiAl;Og, (@) LiAlO,.
Unmarked lines in (a) belong to § and 0A1,0;.

and Bauer [14], Li™ ions effectively fill the vacant sites
in the yAl,O; lattice, and in the case when the Li*
concentration exceeds a ratio Li/Al~0.02, occupation
by lithium of sites other than the existing lattice va-
cancies, apparently begins to occur.

Both y- and 6Al,0; are defective spinel compounds
which differ from each other only in a cation arrange-
ment. Table II shows the available and occupied ca-
tion sites for units of structure equivalent in size to the
ideal spinel unit cell, presented by Wilson [2] for y-
and 8-aluminas.

If one accepts the octahedral ordering of cation
vacancies in dAl,05 and considers the result present-
ed by Verwey and Heilmann [15], Li* ions can be
- incorporated into the d-spinel lattice in two ways

xLi™ + Alg[Als;30g/3]1 032 —
Al [Also - 305 - 22310 O3z + (x/3)A1* " (2a)
xLi™ + Alg [Alyo;308/3]1 O35 —
Al g - xyali3[Alyosls — 203 Lizg 3] Os;
+ (x/3)A1** (2b)

where the vacancy is denoted by the open square, and
the terms in brackets represent octahedral cations or
vacancies. In the reaction scheme 2a, Li* ions prefer-
entially occupy the octahedral cation sites, whereas in
scheme 2b, Li* ions are randomly distributed within
spinel cells. Both the schemes lead to the mixed
8A1,0;-LiAlsOy spinel compounds, y(Li), giving the
different LiAl;Os polymorphism of the order—dis-
order type in the final stage (x = 4) . As the disordered
LiAl;Oyg is unstable below 1563 K [16], the alterna-
tive (2a) seems more probable to occur at infiltration
temperatures ( < 918 K).

The presence of cation vacancies in defective
aluminas is displayed by tetragonal distortion of basic
spinel cells (c/a <1 for yAl,O,;, and c¢/3a <1 for
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TABLE II Occupation of both cation and vacant sites in y-and
3-spinel lattices as well as corresponding tetragonal distorsion of
spinel cells. Compilation was performed using the Wilson [2] and
Wilson and McConnell {12] data

Alumina  (¢/a) or Vacancies Octahedral (O) or tetrahedral
compound (¢/3a) ordering (T) sites

Available Occupied Vacant

by Al

16(0)  16(0) -
v-Al,O; 0985 Tetrahhedral

8(T) 16/3(T) 8/3(T)

16(0)  128/9(0) 16/9(0)
v-Al,O; 0991 Random

8(T) 64/9(T) 8/AT)

16(0) 40/3(0) 8/3(0)
3-Al,0; 0981 Octahedral

8(T) 8(T) -

8A1,0;). Wilson and McConnell [12] have shown
that a pronounced tetragonally distorted spinel struc-
ture is formed in cases when the vacancies are pre-
dominantly concentrated on either tetrahedral

(YAL,O3) or octahedral (8Al,05) cation sites (Table II).

A random distribution of vacancies tends to adjust the
¢/aratio close to its “cubic” value with minimal tetrag-
onal distortion degree. The ideal cubic state, however,
is never reached because of the concurrent phenom-
enon of reordering on the octahedral sites [17]. In the
reaction schemes 2a and b, each Li* eliminates two-
thirds of the vacant sites in basic spinel cell, which
causes the tetragonal distortion removal (¢/3a — 1)
and the Li* incorporation process can be indicated in
this way.

v(Li) phases can be characterized as the metastable
intermediate  spinel-like compounds in the
0Al,05-LiAl;Og4 system where, as suggested from the
IR spectroscopy measurements, the disordered oc-
tahedral cations distribution occurs. The basic spinel
structure unit of y(Li) can be assigned by the formula
Alg [Algo-x ;s0@-20 3lic] Osz. The 6 — y(Li)
transformation proceeds accordingly to scheme 2a by
a simple ion exchange AI** + 200 =3Li* in the
framework of the fcc sublattice O%~ which represent
a favoured kinetic route. This renders the y(Li) phase
relatively stable, as the further transformation to-
wards LiAl;O0g5 requires extensive cation sites re-
arrangement. That is why the LiAlsOg formation
stage has not been attained within the infiltration
period and it seems much higher temperatures must
be applied to accomplish the § — LiAlsOg trans-
formation. As reported by Stork and Pott [18] on
calcination of Li, CO3/vAl, O3 catalyst (up to 1473 K),
XRD lines due to LiAl;O0g did not appear below
1273 K, where LiAlsOg is formed by interaction be-
tween intermediate Li,O and yAl,O5 support, exhibi-
ting in this way some similarity with our model con-
ception.

A gradual disappearance of 8Al,05 superlattice,
occurring to some degree already within an infiltra-
tion period, can be attributed to the beginning of
v(Li) — LiAlsOg transformation, which is fully



accomplished during the annealing period. By the
annealing procedure, a thermodynamic equilibrium
state is established with long-range 1:3 ordering in the
occupancy of octahedral sites to form the ordered
LiAlsOg polymorphism, where each Li* jon is sur-
rounded by six AI*" ions as nearest-neighbour ca-
tions, whereas each Al ion has, as its nearest-neigh-
bour cations, four AI>* and two Li* ions [19]. This
ordering process is clearly manifested by comparison
of IR spectra in Figs 4 and 5. Thermodynamical anal-
ysis performed using the JANAF tables [20], as well
as data presented by Byker et al. [21] and Weirauch et
al. [22] has shown that the following reactions can
occur at 1000 K in the system under consideration

AG1o00 = — 101.9kJmol ~? (3)
1/2Li,O + 1/2A1,05(y) = LiAlO,

AG1o00 = — 48.7kJmol ~* @)
2/5Li,0 + 1/5LiAlsOg = LiAlO,

AG1o00 = — 69.1kImol ~* (5)

which suggests that LiAlsOg and LiAlO, are stable
phases at temperatures around 1000 K. As thermo-
dynamic data for 8Al,O, are missing, the values for
vAl,0O; were taken for calculations. In fact, in an-
nealed SF, aAl,O5, LiAlsOg and very probably also
LiAlO, phases were identified depending on the lith-
ium content. It can be assumed that during the anneal-
ing period, the incorporation of residual lithium from
crystallite grain boundaries into spinel cells pro-
ceceded, so that in long-term infiltrated SF,
Li/Al~0.25-0.30 concentration ratio was detected, ex-
ceeding the stoichiometric value for LiAlsOg com-
pound. LiAlO, aluminate that was identified in paral-
lel with LiAl;Og spinel, could be formed by Reaction
5. On the other hand, both «Al,O; and LiAlsOg
phases were identified after annealing in the short-
term infiltrated SF with Li/Alx0.05 concentration
ratio, which suggests that Reaction 3 has preferentially
proceeded.

Although a relatively large amount of magnesium
was detected by the SIMS method in SF, the assump-
tion concerning Mg?* ions incorporation into y(Li)
cells during the infiltration process has not been con-
firmed experimentally. As stated by Kordes [23], in
the spinel system LiAl;Og-MgAl,O, an uninterrup-
ted series of solid solutions exist with continuous cell
parameters change. In annealed SF, the fcc LiAl;Oq
spinel with cell parameter a = 0.7905 nm was detec-
ted, which exactly coincided with data reported for
pure LiAl;Og substance [11], ie. even during the
annealing procedure no significant incorporation of
Mg** ions into spinel cells occurred. Moreover, the
preliminary experiments by Auger electron spectro-
scopy performed by us on in situ fractured surfaces of
SF occurring in Mg8Li matrix, have shown the tend-
ency of magnesium to be accumulated on the alumina
crystallite grain boundaries, which also suggests that
magnesium did not tend to penetrate into the spinel
lattice.

As seen, experimental results fit the starting model
conception quite well. Nevertheless, at least two as-
pects of this conception should be corrected: (a)
LiAl;Og formation stage is not attained in SF within
the infiltration period, and (b) the incorporation of
magnesium into forming y(Li) spinel seems to be un-
likely.

5. Congclusions

The study of phase transformations taking place in SF
during their infiltration with molten Mg8Li alloy per-
formed by SIMS, XRD and IR spectroscopy methods
leads to the following conclusions.

1. The SIMS measurements have shown that lith-
ium penetrates very quickly into the entire SF volume,
most likely by diffusion along 3A1,0; crystallite grain
boundaries, attaining up to Li/Al~0.25-0.30 concen-
tration ratio.

2. Lithium is incorporated into the 8Al,Oj lattice
within the infiltration period, to form intermediate
metastable spinel-like compounds, y(Li), at which the
basic spinel structure unit can be assigned by formula
Alg [Alo-5 ;sls—2x 3Lix] Osg.

3. The thermodynamic equilibrium state is attained
by further transformation y(Li) — LiAl;Og during the
long-term annealing process, when LiAlO, aluminate
can also be formed in SF if the stoichiometric Li/Al
ratio for LiAlsOg substance is exceeded.

4. In parallel with lithium, magnesium also pen-
etrates the SF interior, however, the Mg/Al concentra-
tion ratio in approximately one order magnitude
lower than that of Li/Al. The incorporation of magne-
sium into y(Li) or LiAl5Oyg lattices has not been ob-
served and it seems that magnesium is accumulated in
oxidic form on the 8Al,O; crystallite grain bound-
aries.
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