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1. Introduction – Due to the fast depletion of petroleum reserve increasing environmental concerns, 

renewable source based polymeric products attract great attention. Vegetable oils are the most promising 

renewable raw materials for polymers because of their ready availability, inherent biodegradability, and 

their many versatile applications. Especially epoxidized vegetable oils are considered as promising new 

raw materials to develop value added products. Epoxidized plant oils can be cured in similar ways as 

petroleum-based epoxy counterparts by reaction with polyamine, anhydride, mercaptans, imidazoles, 

acids1. They have been extensively used for the production of green composites incorporating organic or 

inorganic particles or fibers sized from macro scale to nano scale. Green nanocomposites are known as a 

new class of materials which are composed of fully renewable materials2. Aside from vegetable oils, natural 

fillers such as cellulose nanoparticles drawn a considerable attention in the production of green 

nanocomposites. The high surface area to volume ratio, low weight, biodegradability, high aspect ratio and 

impressive mechanical properties make nano cellulose particles ideal candidates for producing green 

nanocomposites3. Tannic acid (TA) is water-soluble high molecular weight polyphenol extracted from 

plants and microorganisms. TA molecule consist of gallic acid units with terminal phenolic hydroxyl 

groups. Due to its structure it is relatively easy to modify TA with carboxylic acid anhydrides. 

In this work, we developed novel green nanocomposites consist of widely available starting materials. The 

nanofibrillated cellulose was used as a reinforcing nanofiller to elaborate transparent nanocomposite film 

with improved mechanical properties. Epoxidized grape seed oil was used as a matrix. Furthermore, to 

further promote the biodegradable character and mechanical properties of the nanocomposites carboxylated 

tannic acid was used as a cross linking agent. 

 

2. Experimental - The main stages of the study involve production of nanofibrillated cellulose, synthesis 

of epoxidized grape seed oil (EGO) and carboxylated tannic acid, preparation of bionanocomposites and 

investigation of their performances. 

 

3. Results and Discussion – Optimum epoxidation condition of the grape seed oil was found as a 

temperature of 60 °C, the reaction time 6 h, the molar ratio of reactants was peroxide/acetic acid = 2.5: 1 in 

the presence of 2% wt sulphuric acid as catalyst. TA was carboxylated with maleic anhydride. EGO, 

carboxylated TA with different loadings (5, 10 and 15 wt %) and NFC with different loadings (1,2 and 3 

wt %) was mixed and cured at 130°C. It was found that both carboxylated TA and NFC improved the 

toughness, tensile strenght and thermal stability. But with the increasing amount of carboxylated TA after 

a critical point nanocomposites became brittle.  The optimum loadings were found to be 10% carboxylated 

TA and 3% NFC. 

 

4. Conclusions – Novel green nanocomposites were prepared from natural feed stocks. Carboxylated TA 

was synthesized and used as a crosslinking agent.  
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