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Abstract

Magnesium and its alloys are receiving great attention in the automotive and aerospace
industries due to their high specific strength. However, their use is limited due to poor
tribological properties. In past, several macro-scale studies have been conducted to
investigate and enhance the tribological properties of magnesium alloys under dry and
lubricated conditions. Considering the highly anisotropic and multiphase nature of
magnesium-based alloys, the localized tribological properties can be very different which
cannot be easily discerned from the macro-scale studies owing to the complexity of
macroscopic sliding interface. Therefore, the need for small-scale tribological studies arises
to design the magnesium alloys for optimum tribological performance. Nanoindentation
and atomic force microscopy (AFM) are the two most viable tools which can measure the
tribological properties of localized regions of a multiphase alloy. In the present work,
fundamental tribological properties of localized regions (different phases, grain
orientations and precipitate orientations) of an AZ91 magnesium alloy has been
investigated.

The anisotropy in wear and friction with respect to crystallographic orientation was
investigated under dry conditions for solutionized AZ91 alloy using AFM (low-stress
regimes) and nanoindentation (high-stress regimes). The basal oriented grains were found
to be most wear-resistant and offered less friction force followed by prismatic and
pyramidal oriented grains at room temperature. At higher temperatures and stress, dynamic
recrystallization was observed within the scratched region for all orientations. Additionally,
the anisotropy in wear volume of grains with different crystallographic orientations was

found to be absent due to the homogeneity of slip systems at elevated temperatures.
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Under dry conditions, the sliding direction effects on wear and friction of discontinuous
(DP) and continuous precipitate (CP) regions of an aged AZ91 alloy was investigated under
low stress (using AFM) and high stress (using nanoindentation) regimes. In DP regions, a
strong dependence of friction and wear with respect to the sliding direction was observed
in lower stress regimes, while no sliding direction dependency was observed under high
stress for any precipitate containing region. The obtained anisotropic behavior of DP
regions was explained by taking the contact geometry between the precipitate regions and
the AFM probe into account. Additionally, a mathematical model of friction correlation
with interprecipitates spacing was used to validate the experimental results.

In-situ AFM experiments were carried out to understand the fundamental tribological
properties of the AZ91 alloy under lubricated conditions in presence of lubricant additives
which form sliding induced boundary films due to tribochemical reactions. The tribofilm
growth and corresponding friction and wear over localized regions of as-cast and aged
AZ91 alloy were investigated in presence of zinc dialkyl dithiophosphate (ZDDP) and
acrylamide additive mixed lubricants. The role of stress and temperature on tribofilm
growth and friction force was also systematically explored. The tribofilm growth and
friction force in the presence of ZDDP and acrylamide additives were found to be highly
sensitive to mechanical properties of different phases, temperature and microstructure (e.g.,
precipitate size) at a given applied stress. Overall, the acrylamide additive was found to be
superior to ZDDP as a potential replacement as it offers lower friction force along with
tribofilm formation on the matrix as well as precipitate regions at similar stress values
whereas ZDDP failed to produce tribofilms on matrix regions.

In summary, the present small-scale tribological study of AZ91 alloy will be very useful
for enhancement in tribological properties for various engineering applications under dry

as well as lubricated conditions.
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