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and 5% loading of the NC. Previous studies done by Marzuki (2018) also reported some 

reduction of tensile strength as the thymol is added into the polymer matrix. The 

reduction reported by Marzuki (2018) for the PLA/JSP containing 10% loading of 

thymol is 12.2%. The addition of thymol into the matrix has effect the intermolecular 

forces of the polymer matrix (Kramer, 2009). Thymol within the polymer matrix may 

hinder the chain-to-chain interaction of the polymer and reduce the cross linking which 

resulted in decrease of rigidity of the polymer (Kavoosi et. al, 2013). 

4.1.2 Tensile Modulus of PLA/JSP Composites 
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Figure 4.2: Tensile modulus of PLA and PLA/JSP composites containing thymol at 

different loadings of NC 

Figure 4.2 shows the tensile modulus of the PLA/JSP based composites with 

different loading of NC. The pure PLA has the highest value of tensile modulus with 

5737.7MPa. For PLA with 3% loading of NC, the result shows a reduction of 35.2% and 
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Figure 4.3: Elongation at break of PLA/JSP composite containing thymol at different 

loadings of NC 

The PLA/JSP composites without thymol have lower elongation at break than 

the ones with 10% thymol content. With the addition of the 10% thymol content, the 

improvement in elongation at break is 85.4%, 84.lo/o and 84.8% for the 0%, 3% and 5%

of NC loading. These improvements suggest that thymol increased the elasticity of the 

composites as it acts as a plasticisizer mentioned previously by P. Persico et al. (2009). 
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APPENDIX: DATA ANALYSIS 

Analysis of mechanical properties 

Appendix B-1: Mechanical properties of PLA/3% NC 

Sample Tensile Strength, MPa Tensile Modulus, MPa Elongation at Break, % 

I 32.75 3696.00 1.57 
2 - 3690.00 1.24 
3 36.21 - 1.80 
4 41.08 - 1.49 
5 - 3768.00 1.21 

Mean 36.68 3718.00 1.46 
SD 4.18 43.41 0.24 

Appendix B-2: Mechanical properties of PLA/3% NC containing thymol 

Sample Tensile Strength, MPa Tensile Modulus, MPa Elongation, % 

1 - - -

2 21.31 2831.00 -

3 - - -

4 19.44 3248.00 5.11 

5 19.89 2849.00 7.34 

Mean 20.21 2976.00 6.23 

SD 0.98 235.73 1.58 

Appendix B-3: Mechanical properties of PLA/JSP at 0% NC 

Sample Tensile Strength, MPa Tensile Modulus, MPa Elongation, % 

1 19.88 -
-

2 3500.00 -

-

3
-

4 18.42 4181.00 1.01 

5 21.19 4248.00 1.20 

Mean 19.83 3976.33 1.11 

SD 1.39 413.87 0.13 
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