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In this work, the effect of loading and unloading rates on nanoindentation load-displacement curves of three 
amorphous polymers - PMMA, PC and CR39 – was studied. Nanoindentation tests were performed at room 
temperature as well as at high temperature. A model independent analysis method has been used for the 
interpretation of nanoindentation results.  
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1. Introduction 

The interpretation of polymer nanoindentation tests is not 
trivial because of a lack of reliable contact models able to 
capture their time-dependency. Most of the indentation 
analysis methods developed for polymers are only valid 
in a linear viscoelastic regime [1]. A linear viscoelastic 
response is hardly ever obtained during nanoindentation, 
overall if a sharp and faced tip is used. More complex 
models should be thus foreseen, by introducing 
parameters related to plasticity and/or nonlinear 
viscoelasticity. However, increasing the number of 
parameters makes it difficult to determine a robust 
solution to the problem from a single load-unload 
indentation curve. That is why, in this work, we choose 
to analyse indentation results by taking into account only 
parameters directly measurable from load-displacement 
curves [2,3]. 

2. Methods 

Nanoindentation tests have been performed using an 
Ultra nano indenter from CSM instruments, equipped 
with a Berkovich tip, under load control. Three 
amorphous polymers have been studied: PMMA, PC and 
CR39. In order to span the material behavior over several 
time decades, loading rate has been varied from 0.003 to 
5 mN/s. Maximum load as well as unloading rate have 
been kept constant to 15mN and 3mN/s respectively. 
Tests were performed at Room Temperature as well as 
high temperature. The second one has been varied from a 
material to the other in order to have the same delta to 
glass transition temperature in the three cases.  Glass 
transition temperature of the three polymers has been 
measured through DMA.  
The analysis of nanoindentation curves has been 
performed through a model-independent approach, by 
considering only parameters directly measurable from 
nanoindentation force-displacement curves: irreversible 
and reversible indentation work, maximum and final 
depth (Figure 1) and strain rates. 

3. Discussion 

From the irreversible to total work of indentation (energy 
ratio) vs loading rate plot obtained at room temperature 
on PMMA (Figure 2), two different regimes can be 
observed: at low loading rates, the energy ratio decreases 
as loading rate increase; at high rates (> 1mN/s), the 

energy ratio increases with loading rates. This means that 
energy ratio is affected by the loading history and is thus 
a parameter able to tackle the time-dependency of 
polymer response.   

 
Figure 1. Typical nanoindentation load-displacement 
curve highlighting the parameters considered in this 
study. 

 
Figure 2. Irreversible to total work of indentation as a 
function of loading rate for PMMA tested at room 
temperature.  
 

Exploring the energy and depth ratios for different 
materials and loading rates, at room temperature as well 
as at high temperature, will allow to establish a 
correlation between nanoindentation response, material 
rheology and time dependency.  
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