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Bionanocomposites based on polyester-grafted polysac charide nanocrystals: 
reinforcement of mechanical properties
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Evaluation of thermo-mechanical behavior of new bionanocomposites based on PCL-grafted cellulose 

nanowhiskers

1- Acid hydrolysis 2 – Compatibilization 3 – Processability
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Conclusion Conclusion 

To answer to the growing demand in « green » polymers, more research are nowadays focused on development of biodegradable nanocomposites. Especially, 
cellulose nanowhiskers (cnw-based nanocomposites are increasingly studied owing to the nanofillers biodegradability, renewability, low cost, natural abundance, 
anisotropy and nanometric size. In this study, both polymer matrix and nanofillers are biodegradable.

To avoid the formation of aggregates, cnw were previously coated by ring-opening polymerization of ε-caprolactone promoted from the hydroxyl groups present on 
cellulose surface. In order to compare their properties, cnw grafted or not were introduced in PCL matrix by melt blending in a mini-extruder. A huge improvement of 
storage modulus behavior was noted for nanocomposite materials filled with a tiny amount of CNW-g-PCL. Interestingly, a solid-like behavior was observed by 
rheological analyses more likely due to the formation of a polymer physical network. Clearly the unique combination of fine nanofillers dispersion and physical chain 
network formation contribute to obtain a substantial positive effect on mechanical performances.
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Following these polymerization conditions, high recovery yield was reached, 
up to 85%. Grafting efficiency was shown by improvement of dispersability of 
the so-treated cellulose nanocrystals (CNW-g-PCL) in non-polar solvents and 
confirmed by spectroscopic analyses (FT-IR/TOF-SIMS)2.

Grafting from approach : ROP from the surface hydroxyl groups

Mechanical properties of PCL/cnw materials

In DMA, nanohybrid-based PCL/cnw nanocomposite materials display much 
improved elastic response with respect to the pristine PCL matrix and simple melt 
blend of PCL and non-coated cnw. The nanohybrid-based PCL/cnw
nanocomposites are characterized by an elastic modulus at room temperature 
300% higher than the unfilled PCL.

- PCL matrix
- PCL + 3% cnw-g-PCL
- PCL + 5% nwc-g-PCL
- PCL + 10% cnw-g-PCL

The entanglement of the 
surface-grafted polymer 
chains with the free chains of 
the PCL matrix seems to 
contribute to increase the 
chain relaxation and leads to 
the observation of a “gel”
behavior.
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Processing

PCL-based nanocomposites filled with cnw(-g-PCL) were prepared by melt-
blending in a mini-extruder at 120 °C at 150 rpm for 10 minutes. To fill PCL with 
crude cnw, the nanoparticles were isolated from water by a freeze-drying step.
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