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ABSTRACT

To study phase separation kinetics of Al-9.5at%Li polycrystalline alloys in which
precipitates have ordered A^Li (8') structure, profile analysis of small-angle
neutron scattering and superlattice reflections {100} and {110} were done. A
small-angle scattering instrument and a triple-axis spectrometer in elastic mode
were used in the measurements. Strong texture was observed in the reflections.
Therefore, measurements were done using the crystal orientation where the
intensity of the reflection was at the maximum. Profiles of small-angle scattering
and superlattice reflections were almost identical at higher momentum transfer
side. At lower momentum transfer side, small-angle scattering showed
interference effects, but superlattice reflection did not show any sign of the
interference. Integrated intensities of superlattice reflections were obtained, and
compared with the small-angle scattering intensity. The order parameter was not
saturated in the 5' precipitates at the early stage of the phase separation process.

INTRODUCTION

AI-Li based alloys have gathered strong interest especially in the aircraft industry
because of high strength, high elastic modulus and low density. They are also suitable to
study kinetics of the phase separation behavior associated with ordering, since the misfit
strain between the precipitates and matrix is very small. Precipitates at late stages are known
to be metastable spherical AbLi (s1), but the mechanism of the formation of 5' precipitates and
their ordering at earlier stages is not well understood.
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Yu and Chen have studied early stages of decomposition processes as well as ordering
kinetics for Al-Li systems by means of X-ray small-angle scattering and the superlattice
reflection {100) measurement.1) They measured time dependence of integrated intensities and
FWHM of superlattice reflection. They concluded that the onset of the ordering process is
sooner than that of the decomposition processes for the Al-12at%Li alloy in the temperature
range from 180 C to 290 C.

Similar measurements have been done by Blaschko, Glas and Weinzierl using a small-
angle neutron scattering (SANS) instrument and a triple axis spectrometer.2) They also
provided intensity and size information for both quantities, but little discussion were given on
the correlation between them. Interference effects in the (100) superlattice reflection were
also found at short annealing times at 120 C, but because of the high background, counting
statistics of the superlattice reflection was not enough to discuss the profiles of the peaks. To
understand the mechanism of phase separation processes associate with ordering, we have to
compare both quantities more quantitatively. Therefore, we performed profile analysis of both
by using a triple axis spectrometer and a small-angle scattering instrument. We stated the
phenomena from the' time range when density fluctuations were very small, but ordering
already takes place during quenching.

EXPERIMENTAL PROCEDURES

Al-9.5at%Li alloys were cut into plates of 10w x 30** x 2l mm3 and three of them were
used for the neutron experiment. Solution treatment was performed at 500C followed by rapid
quench into iced brine. Samples were then annealed for 1, 2, 4 hours at 100 C, and 20 minutes
up to 24 hours at 150 C.

Superlattice reflections were measured at ambient temperature using H9 triple-axis
spectrometer in elastic mode at Brookhaven National Laboratory BNL. Incoming neutron
energy was 5 meV and collimation was 60'-40'-60'-80'-80'. Instrumental resolution 5Q around
the {100} was 0.012 A"1, which was about one order of magnitude better than ths superlattice
reflections. The scattering data were corrected for background and sample transmission.

Small-angle neutron scattering was carried out also at ambient temperature using the
small-angle scattering instrument SAN at pulsed cold neutron source at National Laboratory
for High Energy Physics (KEK). Sample to detector distance was lm, which covered 0.02 <
Q £ 0.6 A*1. The scattering data were corrected for background, sample transmission and
normalized by incoherent scattering from pure water.

RESULTS AND DISCUSSIONS

Figure 1 shows typical results of texture measurement of (100} superlattice reflection
in the Al-Li samples. Scattering angle was fixed at the center of each Bragg peak, and the
sample was rotated along the vertical axis. The origin of the axis was fixed in such a way that
the incident neutron beam direction was normal to the plates of the sample when scattering
angle 29 was zero.
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Fig. 1. Texture measurement of {100)
superlattice reflection.
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Fig. 2. Time evolution of {100) superlattice
peaks for 100 C and 150 C annealing.

The analysis showed that there were
two sets of crystallites. One of them aligned
to one of the {001) axes were along the long
direction of the specimen, one in the plane
and one perpendicular to the face of the
plates. The other set was such that {111) is along the long direction of the specimen and other
{111) axes did not have specific angular preference. We decided to measure the superlattice
reflection at the peak of such curve at fixed crystal orientation, as opposite to rotate the
sample during the measurement as Blaschko et al. did in their experiment.2' The intensity gain
by this method was more than twice, and we could eliminate the possibility of superposed
background from different set of crystallites.

The {100} peak was measured in reflection geometry. Sample was rotated by 45
degrees to measure the {110) superlattice
peak.

Figure 2 shows time evolution of
{100} superlattice peak for 100 C and 150 C
annealing temperature. Figure 3 shows
SANS in linear scale for samples annealed at
150 C. The superlattice reflection was
already evolved in the as quenched sample,
but SANS was quite low in the 0.04 < Q <
0.4 A 4 range. Excess SANS was observed
below Q = 0.04 A*1, and it showed I(Q) - Q-
2 behavior, therefore, it could attribute to a
scattering from grain boundaries.

I

Fig. 3. SANS profiles in 150 C annealed
sample.
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To compare the profiles of these superlattice reflections from {100} and {110}, and
SANS more precisely, they were plotted on the same figures as shown in Figs. 4, 5 and 6 in
logarithmic scale. The abscissa of the scattering curves of the superlattice reflections was
measured from the center of the peaks of the superlattice reflection, and constant background
was subtracted from them. SANS curves were scaled so that the high-Q parts of them were
overlapped with superlattice peaks.

As shown in Figs. 4, 5 and 6, superlattice reflections were smoothly falling down as Q
increase and no sign of interference effect was observed as opposite to the result of Biaschko,
Glas and Weinzierl. In contrast to it, SANS showed broad maxima; they could be attributed to
the inter-particle interference effects between the precipitates. It is note worthy that higher Q

part of both curves was almost identical. The
SANS curves could be separated into form

doo) .,(no) factor part and inter-particle interference
part. Since there was no other source of
scattering other than the precipitates, it is
natural to think that form factor part of the
SANS scattering is identical to that of
superlattice reflections.

Then why the superlattice peaks did
not show interference effects? The Al-Li
alloy has fee structure and there are four
kinds of antiphase domains. Since nearest

o.oi o.i i neighbor precipitates around one particular
Q precipitate should take one of four antiphase

domains at random, the interference term
Fig. 4. Comparison of profiles of superlattice could be suppressed. On the other hand,

reflections {100} and (110), and scaled since SANS reflects only smeared
SANS in the as quenched sample. concentration fluctuation, all the nearest

neighbor precipitates contribute to the
interference term.

The high Q part of both curves showed
nearly I(Q) - Q-4 behavior, which
corresponds to the formation of sharp
interfaces between precipitates and the
remaining matrix phase. It is well known
that dynamical-scaling holds in such time
range, at least in good approximation. In Fig.
7 shows the result of the dynamical scaling.
A first moment of the scattering function Q,
(almost same as a peak position of the
scattering) was taken as the inverse of the
relevant length scale. In the time range when
dynamical-scaling holds, integrated intensity

Fig. 5. Comparison of profiles of superlattice of SANS remains constant,
reflections {100} and {110}, and scaled
SANS in the 20 minutes annealed
sample at 150C.
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Fig. 8 shows time evolution of
integrated intensity of the [100} peak
annealed at 150 C. It is an increasing
function of annealing time. The integrated
intensity is a measure of Li atoms at one of
four sublattices over all the crystal. Since
degree of order in the matrix phase is at least
decreasing function of time, the order
parameter inside the precipitates should
increase with time.

Since integrated intensity of SANS
remains constant, but that of superlattice
reflection is increasing, the precipitates have
lower order parameter than the
stoichiometric 5' structure at the early stages.

In as quenched sample, SANS is very
low, reflecting very low density fluctuation,
but order parameter over the entire system
was already at significant level. These

results may suggest that congruent or spinodal ordering may take place in the as quenched
stage. Since the superlattice reflections show considerable broadening, there there is no long-
range order in the system; there should be many small ordered domains belongs to one of the
four antiphase domains.
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Fig. 6. Comparison^pf profiles of superlattice
reflections {100} and {110}, and scaled
SANS in the 2 h annealed sample at
150C.

CONCLUSIONS

In conclusion, we observed superlattice peak even at the as quenched stage when SANS
is still very low. The shape of ordered domain and that of precipitates were almost identical.
At early stages, precipitates were not
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Fig. 7. Dynamical scaling result of the 150 C Fig. 8. Time evolution of integrated intensity
annealed sample. of the {100) peak annealed at 150 C.



stoichiometric 8', but the degree of order was lower than the stoichiometric concentration.
We are grateful to Sumitomo Light Metals Ind. Ltd. for the preparation of specimens.
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