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Abstract

Precipitation hardening is considered to be an important mechanism to alter the mechanical
properties of age hardenable alloys. However, a precipitate free zone (PFZ) along grain boundary
is formed during precipitation. The occurrence of PFZ in various age hardenable alloys is a well-
known phenomenon. The grain boundary microstructural features (PFZ and precipitates) can
significantly affect the mechanical properties and corrosion resistance of the alloys. However,
in magnesium alloys, the development of PFZ in terms of formation mechanisms and the
evolution of its width with different process parameters have not been investigated extensively.
In the present work, the effect of different process variables such as solutionizing temperature,
guenching medium, aging temperature, aging time, grain size and pre-strain on the evolution of
PFZ in an AZ80 magnesium alloy has been systematically studied. Moreover, the influence of
the PFZ and grain boundary precipitate characteristics on the fracture and fracture toughness

properties of AZ80 magnesium alloy has also been investigated.

The results suggest that the PFZ width decreases with the increase in the solutionizing
temperature and the severity of quenching rate, whereas it increases with aging temperature and
time. This is explained in terms of vacancy and solute depletion along the grain boundary. The
solute depletion has been noticed to be the dominant mechanism in the development of PFZ as
compared to vacancy depletion. The nanoindentation and electron probe micro-analysis (EPMA)
have been performed within PFZ to verify the solute depletion experimentally. From the EPMA
analysis, the width of PFZ and solute depletion has been found comparable with each other at
all the different aging temperatures. It has also been observed that the PFZ and grain boundary
precipitates nucleate and grow in tandem with each other during aging treatment. The width of
PFZ is found to be varied linearly in the decreasing trend with the severity of pre-strain. This

was attributed to the pile-up of dislocations at the grain boundary. The PFZ width is also found



to be increased with the grain size. This was rationalised by considering the variation of grain

boundary solute concentration and precipitate characteristics.

The mechanical properties of the AZ80 magnesium alloy has been found to be greatly
affected with the aging temperature. This can be explained in terms of the variation in
precipitate characteristics at the grain boundaries as well as inside the grains and evolution of
PFZ. The higher area fraction of grain boundary precipitates, larger precipitate size and strain
localization within PFZ increases the tendency of intergranular fracture. On the other hand, the
higher number density of precipitates with finer distribution promotes the occurrence of
transgranular fracture. The model proposed by Hornbogen and Graf (1977) to correlate the
fracture toughness with the microstructural characteristics for aluminium alloys has been
successfully validated for the AZ80 magnesium alloy. The results suggest a good agreement
between the measured and predicted fracture toughness. Nonetheless, this consequently
emphasizes the role of microstructure in controlling the fracture toughness of the aged AZ80

alloy.
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