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The structure of cellulose based nanocomposites influences their final 

mechanical properties significantly and obtaining good dispersion of 

hydrophilic nanocellulose materials in hydrophobic polymer matrix is 

challenging. Here two unique methods were developed to improve the 

dispersion of cellulose nanocrystals (CNC) in polyvinyl acetate (PVAc) 

matrix. One was crosslinking of PVAc by sodium tetraborate (Borax) 

which expected to restrict the agglomeration of CNCs during the 

drying process, and the other was in-situ polymerization of vinyl 

acetate in the presence of CNCs generating a good combination 

between CNC and PVAc.  

 “Trap effect” attributed to crosslinking by borax 

 In-situ polymerization of vinyl acetate in the presence of CNC 

When borax dissolves in water: 

Na2B4O7 → 2Na+ + B4O7
2- 

B4O7
2- + 7H2O → B(OH)4

- + 3H3BO3 + OH- 

H3BO3 + H2O ⇌ B(OH)4
- + H+ Increasing pH: 

Partially hydrolyzed PVAc reacts with B(OH)4
- : 

More B(OH)4
- generated Higher crosslinking degree! 

Mechanical (a) and dynamic mechanical (b) properties: 

a b 

AFM of PVAc (a, b, c), in-situ PVAc/CNC (d, e, f, g) and mixed 

PVAc/CNC (h, k) dispersions (the ratio in weight of PVAc/CNC is 

88/12): 

Mechanical (a) and dynamic mechanical (b) properties of in-situ and 

mechanical mixed PVAc/CNC/borax nanocomposites with 10 wt% of 

CNC: 

Three different types of materials were prepared: 

 PVAc/borax materials with pH 4, 9.3 and 11 (3 wt% borax) 

 In-situ PVAc/CNC/borax composites producing by in-situ 

polymerization (10 wt% of CNC and 3 wt% of borax) 

 Mixed PVAc/CNC/borax composites produced using mechanical 

mixing (10 wt% of CNC and 3 wt% of borax) 

 The ratio of GTA to polymer (include PVAc and CNC) in each 

sample was 8/92. 

Processing:  

Stirring aqueous dispersions → Solvent casting → Hot press 

Matrix Polyvinyl acetate (PVAc) 

Reinforcement Cellulose nanocrystals (CNC) 

Crosslinker Sodium tetraborate (Borax) 

Plasticizer Glyceryl triacetate (GTA) 

 Mechanical and DMA results reveal that the degree of crosslinking 

can be tuned by pH.  

 In-situ polymerisation of PVAc/CNC resulted better dispersion of 

CNC compared to mechanical mixing and was also confirmed by 

mechanical testing and DMA.  


