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Most research groups used two analysis methods (spectroscopy and nanotribology) to
measure the mechanical properties of nano-materials: NMR (Nuclear Magnetic Resonance),
IR (Infrared Spectroscopy), Raman Spectroscopy as the spectroscopy method and AFM
(Atomic Force MicroScope), EFM (Electrostatic Force Microscope), KFM (Kelvin Force
Microscope), Nanoindenter as the nanotribological one. Among these, the nano-indentation
technique particularly has been recognized as a powerful method to measure the elastic
modulus and the hardness. However, this technique are prone to considerable measurement
errors with pressure conditions during measurement. In this paper, we measured the change
of elastic modulus and hardness of an Al single crystal with the change of load, hold, and
unload time, respectively. We found that elastic modulus and hardness significantly depend
on load, hold, and unload time, etc. As the indent time was shortened, the elastic modulus
value decreased while the hardness value increased. In addition, we found that elastic modulus
value was more sensitive to indent load, hold, and unload time than the hardness value.
We speculate that measurement errors of the elastic modulus and the hardness originate from
the residual stress during indenting test. From our results, the elastic modulus was more
susceptible to the residual stress than the hardness. Thus, we find that the residual stress

should be controlled for the minimum measurement errors during the indenting test.
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