Precipitation Kinetics and Transformation of Metastable Phases
in Al-Mg-Si Alloys

Al-Mg-Si precipitation-hardening alloys are much used in the aerospace and automotive industries, owing
to the combined merits of low weight and strong mechanical properties. The mechanical properties of the
alloys are mainly contributed to the metastable precipitate phases formed during artificial aging. Although
numerous investigations using transmission electronic microscopy (TEM) and differential scanning
calorimetry (DSC) have been conducted for the nanostructural characterization and precipitation
behaviors of precipitates in Al-Mg-Si alloys, the understanding of precipitation is incomplete and limited. In
situ synchrotron small-angle X-ray scattering (SAXS) reported here is the first SAXS study on the temporal
evolution of metastable precipitate structures in different Al-Mg-Si alloys, including radius, length, and
volume fraction. The present study demonstrates the precipitation and transformation behaviors of
metastable 3 " and ' phases of the naturally aged Al-Mg-Si alloys during continuous heating, and
subsequently isothermal aging. A new SAXS analysis approach for the complex SAXS profiles enabled a
quantitative analysis on the structural evolution and the corresponding kinetics of the concurrent needle-

like @ "and rod-like 3 ' phase transformations.
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e In the investigation of nanostructural evolution of a large

number of particles in a bulk sample with heat-treatment time,
in situ SAXS is shown as a powerful tool compared to the inher-
ent drawbacks of TEM technique. Because the SAXS contrast
between B " (or B ') precipitates, MgSi, and matrix Al is very low,
no SAXS study on the structural evolution of 3 " precipitates has
been reported. In the present study, we perform SAXS for an Al-
Mg-Si alloy with high flux and high-energy photons from syn-
chrotron radiation. The penetration of 15 keV photons selected
allows an optimum SAXS sample thickness of the alloys five folds
thicker than that with 8 keV photons. Therefore, the scattering
intensity from (3 " precipitates in the Al matrix can be further
enhanced by the same factor. The high flux together with the
larger optimum sample thickness ~ 0.5mm facilitated success-
fully the in situ SAXS investigation for the precipitation behavior
of the naturally aged Al-Mg-Si alloy during artificial aging. Similar
to the general studies about Al-Mg-Si alloys, two artificial aging
temperatures of interest: ~180°C for 3 " precipitates, and ~260°C
for 3" as well as B " precipitates were focused on here. We per-
formed in situ SAXS for both Al-Mg-Si alloys, AA6022 (typical Al-
Mg-Si ternary alloy) and AA6111 (Al-Mg-Si alloys containing Cu,
quaternary alloy).

In the present study using in situ synchrotron SAXS tech-
nique, the time-dependent SAXS profiles measured can be char-
acterized by two regimes: the Q > 0.04 A regime contributed by
needle-like 3 " precipitates of a typical radius of ~3 nm and the Q
< 0.04 A regime dominated by rod-like B ' precipitates of a
typical radius of ~10 nm. Due to the substantial difference in size,
the two scattering contributions by B " and 3 ' precipitates can
be separated relatively well from the SAXS profiles for a quantita-
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