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Derivation of the equations from EDX spectroscopy 

1. CNF = C6H10O5 (Mw = 162 g/mol) 

Mass percentages (excluding H): C = 47.3%, O = 52.7% 

Theoretical ratio of C:O = େ୓ = ସ଻.ଷହଶ.଻ = 0.897 

2. Assuming that 100% CNF is modified to CNFa, 

CNFa = C12H16O8 (Mw = 288 g/mol) 

Mass percentages (excluding H): C = 52.9%, O = 47.1% 𝐴% = percentage of CNF acetylate (CNFa) 

𝐵 = ratio of C: O = CO 

𝐵 = େ୓ = ெ௪ ୭୤ ୱ୧୬୥୪ୣ େ [୒୭ ୭୤ େ ୟୡୣ୲୷୪ୟ୲ୣ (஺%)ା୒୭ ୭୤ େ ୧୬ େ୒୊ (ଵ଴଴%ି஺%)]ெ௪ ୭୤ ୱ୧୬୥୪ୣ ୓ [୒୭ ୭୤ ୓ ୟୡୣ୲୷୪ୟ୲ୣ (஺%)ା୒୭ ୭୤ ୓ ୧୬ େ୒୊ (ଵ଴଴%ି஺%)]  𝐵 = େ୓ = ଵଶ[ଵଶ(஺%)ା଺(ଵ଴଴%ି஺%)]ଵ଺[଼(஺%)ାହ(ଵ଴଴%ି஺%)]   

Simplify A%: 

𝐴% = ଽ଴଴ିଵ଴଴଴஻଺஻ିଽ  (S1) 



3. Assuming that 100% CNF is modified to CNFp, 

CNFp = C15H22O8 (Mw = 330 g/mol) 

Mass percentages (excluding H): C = 58.4%, O = 41.6% 𝑃% = percentage of CNF propionate (CNFp) 

𝐵 = ratio of C: O = CO 

𝐵 = େ୓ = ெ௪ ୭୤ ୱ୧୬୥୪ୣ େ [୒୭ ୭୤ େ ୮୰୭୮୧୭୬ୟ୲ୣ (௉%)ା୒୭ ୭୤ େ ୧୬ େ୒୊ (ଵ଴଴%ି௉%)]ெ௪ ୭୤ ୱ୧୬୥୪ୣ ୓ [୒୭ ୭୤ ୓ ୮୰୭୮୧୭୬ୟ୲ୣ (௉%)ା୒୭ ୭୤ ୓ ୧୬ େ୒୊ (ଵ଴଴%ି௉%)]  𝐵 = େ୓ = ଵଶ[ଵହ(௉%)ା଺(ଵ଴଴%ି௉%)]ଵ଺[଼(௉%)ାହ(ଵ଴଴%ି௉%)]   

Simplify P%: 

𝑃% = ଶ଴଴ (ଵ଴஻ିଽ)ଷ (ଽିସ஻)  (S2) 

4. Assuming that 100% CNF is modified to CNFb, 

CNFb = C18H28O8 (Mw = 372 g/mol) 

Mass percentages (excluding H): C = 62.8%, O = 37.2% 𝐵% = percentage of CNF butyrate (CNFb) 

𝐵 = ratio of C: O = CO 

𝐵 = େ୓ = ெ௪ ୭୤ ୱ୧୬୥୪ୣ େ [୒୭ ୭୤ େ ୠ୳୲୷୰ୟ୲ୣ (஻%)ା୒୭ ୭୤ େ ୧୬ େ୒୊ (ଵ଴଴%ି஻%)]ெ௪ ୭୤ ୱ୧୬୥୪ୣ ୓ [୒୭ ୭୤ ୓ ୠ୳୲୷୰ୟ୲ୣ (஻%)ା୒୭ ୭୤ ୓ ୧୬ େ୒୊ (ଵ଴଴%ି஻%)]  𝐵 = େ୓ = ଵଶ[ଵ଼(஻%)ା଺(ଵ଴଴%ି஻%)]ଵ଺[଼(஻%)ାହ(ଵ଴଴%ି஻%)]   

Simplify B%: 

𝐵% = ସହ଴ିହ଴଴஻ଷ (஻ିଷ)  (S3) 

5. Degree of substitution (DS) = ୮ୣ୰ୡୣ୬୲ୟ୥ୣ ୫୭ୢ୧୤୧ୣୢଵ଴଴% × 3 (S4) 



From the EDX instrument, the value of B can be obtained, which is the C:O mass ratio. 

Therefore, the DS of m-CNF can be calculated from the derived equations. The full details 

of the results from EDX analysis, including the CNF, are given in Table S1. 

Table S1. Details of the mass concentrations obtained from EDX analysis. 

Species Mass concentration (%) Ratio of 

C:O 

Percent 

modified (%) 

Degree 

substitutions (DS) C O 

CNF 47.7 52.3 0.91 0 0 

CNFa1 48.6 51.4 0.95 13.7 0.41 

CNFa2 49.5 50.5 0.98 25.0 0.75 

CNFa4  49.7 50.3 0.99 29.4 0.88 

CNFp1 50.3 49.7 1.01 15.1 0.45 

CNFp2 52.1 47.9 1.09 26.9 0.81 

CNFp4 52.7 47.3 1.11 31.4 0.94 

CNFb1 50.4 49.6 1.02 9.8 0.29 

CNFb2 51.9 48.1 1.08 15.5 0.47 

CNFb4 53.9 46.1 1.17 24.5 0.74 

 

  



Morphology of m-CNF from SEM images. 

 

Figure S1. SEM images of (a) CNF, (b) CNFa4 (DS = 0.88), (c) CNFp4 (DS = 0.94), and (d) 

CNFb4 (DS = 0.74) at ×3000 magnification. 

  



Mechanical properties of PLA/m-CNF composite films from stress-strain curves. 

 

Figure S2. Stress-strain curves of PLA/m-CNF composite films. 

  



Thermal properties of PLA/m-CNF composite films for the degree of crystallinity. 

 

Figure S3. DSC thermograms of PLA/m-CNF composite films. 
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