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During recent years, the special phases formed in alloys
have enabled the materials to be utilized widely. From this
point of view, the metastable phases represent a special
category which can be regarded only in the case of the
determined specific parameters and circumstances. The
metastable phases may be coherent (G.P. zones), semi-
and/or incoherent. The mechanism of their formation, the
degree of their stability, their role in the improvement of
the utilization features, and similar problems raise a
number of questions for research. In the present paper,
we will examine the changes in the electronic structure as
well as its role in the forming and maintenance of the
metastable phases through concrete examples of dilute
age-hardenable aluminium alloys (Al-Mg-Si, Ai-Cu, Al-Fe).

Experimental

The measuring of electronic structure was performed by
soft X-ray emission spectroscopy (SXES), by which the
corresponding emission spectra of every component
were examined. The Al Ly 3, the Mg Lysand the Cu L3, My3
lines, respectively, received a special emphasis but, for
the sake of completeness, the Al K lines were also
examined. The X-ray excitation was performed by means
of an electron beam (1 to 6 kV, 0.3 to 3 mA). This enabled
us to carry out “in-situ” heat treatment by the power of
the exciting electron beam, consequently the controlled
temperature of samples is important. During the measure-
ment, the samples were kept at room temperature by

intensive heat-exchange with cooling water. About the
equipment see, for example, refs.'}?).

The metastable states of the alloys were indentified by
differential thermoanalysis (DTA), by transmission elec-
tron microscopy (TEM) and by X-ray diffraction (XRD). To
control the mechanical properties we used the microhard-
ness indentation. The composition of the samples exami-
ned was as foliows: Al-Mg (0.6 mass%)-Si (0.4 mass%),
Al-Cu (4 mass%), Al-Cu (8 mass%), Al-Fe (0.68 mass%).

The controlled first stage was a solution heat treatment
for each sample: the alloy was treated at 530 °C four 1
hour, and quenched to room temperature in water.

Results

The microhardness and DTA curves of the samples tested
{fig. 1) show the good correspondence of the heat effects
of the metastable phases (©', ", GP-zones)®)*). The
control structural examinations yielded the expected
results at the critical regions®). Also examined were the
phases formed by different heat treatments by means of
the SXES method. The characteristic changes in electronic
structure obtained in the case of the Al-Mg-Si alloy®), {fig.
2a) manifested themselves also in the Al-Cu alloy®) (fig.
2b), and in the Al-Fe alloy (fig. 2¢) also.

The dilute Al-Fe alloy has the same changes between the
equilibrium and metastable states. The measured data is
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Figs. 2a to c: Al L;; SXE-
spectra (The pure Al Ly,
spectrum is also given for
comparison); (fig. 2a} Al-
Mg-Si alloys in stable and
metastable states; (fig. 2b)
Al-Cu alloys in stable and
metastable states; (fig. 2c)
Al-Fe alloys in stable and
metastable states.
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Table 1: Measured data
Alloy Stability State Fermi-edge A/Bin %*)
ineV*)
Al st normal 72.8 34
{pure)
Al-Mg-Si st 72.85 19
(1% Mg,Si) mst 72.0 23
Al-Fe st FeAls 72.4 18
{0.6% Fe) mst Fe,Al, 7.7 22
Al-Cu st 72.8 40
{4% Cu) mst 72.6 52

*) These characteristic parameters of the SXE spectra are shown on
fig. 3

given in table 1, and the relevant parameters of the Al L, 3
spectrum are shown on fig. 3.

These changes can be followed also in the satellites of the
electronic structure spectra of the low-concentration alloy-
ing elements. As an example, on the fig. 4 are given some
parameters of the SXE-spectra of Cu in the Al-Cu (4%)
alloy. The changes in kinetics, provided by “in-situ” heat
treatments in SXES — equipment may also be followed.
Thus, the mechanism-changes supported by the kinetics
of DTA measurements engender characteristic changes
also in the Fermi energy but the total density of state
changes also (figs. 5a to c).

Discussion

The experiments definitely proved that the changes in the
metastable phases results in significant, traceable effects
in the electronic structure. In spite of the relatively low

AN
D\
\
\
\\ M—
|
65 60 55 951 937
EingV EineV

Figs. 3a and b: The relevant parameters of the Al L,3 (fig. 3a) and Cu
L, 3 (fig. 3b) SXE-spectra

alloying concentrations, the mechanical properties of the
individual phases atthe same concentration are extremely
different/see the microhardness measuring/as a result of
the long-range ordering caused by the mechanical
strains®)?). This effect is well exhibited by the microhard-
ness and by the electrical resistance change, respectively,
connected with the long-range order®).

The soft X-ray spectroscopy measures essentially the
short-range order, discerns the chemical bond states of
the given component and the effects of its nearest
neighbourhood®). It selects these states in accordance
with the quantum mechanical rules of selection (dipole
transition), the L-level is sensitive to the s-and d-states,
while the K-level to the quantum states of p-type. Accor-
dingly,in the case of the L-lines, we can expect a satellite
of the relatively localized d-type wave-functions, which
points to a short range order.

The changing of the short-range order is accompanied by
an exothermic process. At the same time the changing of
the chemical bond-states monitored by the electronic
structure leads to endothermic processes for electron
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states .in all the cases driving the samples to the equili-
brium, stable states.

The direction of the changes leads to the conclusion that
the electronic structure in the metastable state is definitely
more stable than in the equilibrium structure. So, the local
minima in the electronic structures are stabilizing factors;
that is, the metastable structure is stabilized by the
electronic structure, the chemical bond-state changes
being responsible for the short range order.

The change of the Fermi-level depending on the concen-
tration of alloys was a well-known consequence of the
rigid band model. This mode! is only valid in the case of
some dilute alloys, but it has no general validity. In the
ATA and CPA models'®) for the random alloys no changes
are expected in the Fermi energy. The experiments verify
in several cases this conclusion. For this reason it was
rather unexpected, that some alloys, at the phase transi-
tion of their metastable phases, exhibit a considerable
change in the Fermi-edge. It was shown earlier, that the
changes of concentration may lead to changes in the
Fermi-level too, with some amorphous alloys'"), but no
previous experimental evidence of change at the phase
transition has been reported prior to our results'?).

The filling of the second Brillouin-zone (the size of the
peak sticking out below the Fermi-edge in Al L, 3 spectrum)
depends on the density of p-d mixed states, thus the ratio
for A and B {denoted on fig. 3) reflects the proportion of
the s-type states. A decrease in this means an increase of
the s-type free electrons (corresponding to the long range
order). This is also reflected in the kinetics of the
processes (see figs. 5a to c).

in examining the effect of the alloying components we
can realize that the tendencies of the changes in the
mechanical and thermal properties and electronic struc-
ture have a consequent correspondence (see fig. 1b and
fig. 4). The most firmly bonded state (from the point of
view of the electronic structure, just the most metastable
state) has the least different /the more homogeneous/
chemical bonds but the tendencies of the peak-ratios
more interaction between alloying element with the
matrix element®) and of the peak distances are similarly
characteristic, too. All observations confirm the assump-
tion that from the point of view of electronic structure the
metastable states of these materials are more stable than
their equilibrium states.

Authars thank Dr. J. Kojnok for this careful assistance on SXES
measurements. This work was supported by the Ministry of
Education under contract 053/81.
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