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Abstract 

Plant fibers used as reinforcing materials for green composites have become a 

common concern among scholars in recent years. However, cellulose, the main 

chemical composition of plant fibers, contains a large number of hydroxyl groups 

which leads to poor interfacial bonding between plant fibers and hydrophobic 

polymeric matrices, thus low mechanical properties of plant-fiber-reinforced 

composites (PFRCs). To promote the mechanical performances of PFRCs and further 

extend their application fields, it is highly desirable to comprehensively quantify the 

interfacial properties of PFRCs in the multi-scale by considering the distinct 

hierarchical microstructure of plant fibers. 

In this study, experimental investigations were firstly conducted to facilitate 

understanding of the multi-layer structure of plant fibers. Elastic modulus and 

hardness of the epoxy matrix and cell wall layers of sisal fibers (a typical plant fiber) 

along with interfacial mechanical properties in the sisal-fiber-reinforced composites 

(SFRCs) were measured by the nanoindentation technique. Single-step and multi-step 

nanoindentation tests were respectively employed on the multi-layer interfaces of 

SFRCs to present their distinct mechanical properties upon compressive loading. 

Specifically, this study measured the transition zones of the multi-layer interfaces 

regarding modulus and hardness and the interfacial failure loads, which consequently 

facilitate quantitative analysis of fracture mechanisms for SFRCs with a multi-layer 

and multi-scale structure. Fatigue performance of multiple interfaces in SFRCs in the 

nano-scale was evaluated with nano-DMA technique by using the cyclic loading.  

By utilizing of the negative charge characteristics of Cellulose Nano Crystals 

(CNCs) in aqueous solution, electrophoresis method and electrostatic adsorption 

method were used to deposit CNCs on the surface of sisal fiber, and thus the 

nano-scale surface modification of sisal fiber was realized. Single fiber pull-out tests 

were designed under different conditions in order to investigate the effect of CNCs on 

the sisal/epoxy interface, which included static single fiber pull out under room and 

controlled temperatures, dynamic interface fatigue pull out. The results obtained from 



temperature controlled single fiber pull-out tests showed that the CNCs deposition 

modification endowed the interface a more stable thermo-mechanical property, 

reduced the sensitivity of the interface to temperature, and thus obtained higher 

interfacial shear strength at high temperatures. The dynamic interface fatigue pull-out 

test showed that the CNCs nano-layer at the interface can effectively suppress the 

crack propagation, reduced the crack growth rate, improved the interface fracture 

toughness, and thus the interface fatigue life, consequently. 

 


