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PLA grafting 

Functionalization of PLA with IA via radical grafting was performed in one step by reactive-
extrusion [1]. In Figure S1a the full FTIR spectrum of PLA and MPLA films (~150 μm of 
thickness) are presented. A close up of the band around 2850 cm-1, assigned to stretching 
vibration of   ̶ CH2 ̶  functional groups, is shown in Fig. 1a. The corresponding discussion is 
developed in the main text.  
In Fig. S1b, the effect on the molecular weight of the polymer due to radical modification 
reaction is shown in the superimposed chromatograms of the Refractive Index detector. It is 
possible to observe a shift in the MPLA refractive index curve with respect to retention volume, 
related to the reduction of both Mn and Mw [2–4]. 
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Figure S1. a) FTIR transmission spectra, and b) Superimposed chromatograms of the Refractive 
Index detector of PLA and MPLA.  



Biocomposites characterization 
Figure S2 shows the DSC curves, before and after thermal annealing, corresponding to second 
heating scan. The relative thermal data are shown in Table S1. Before thermal annealing, apart 
from a slight shift in the thermal events (Tg), not significant differences are noted in MPLA and 
the biocomposites with respect to PLA. After thermal annealing, a remarkable increase in Tc is 
noted in PLA. Noticeably, the values of ΔHc and ΔHm* increased in MPLA and its 
biocomposites. As noted during the first heating scan, the grafting enhanced the crystallization of 
the polymer, while PNS and thermal annealing further enhanced this effect [5,6,15–17,7–14]. 
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Figure S2. DSC curves during second heating scan of MPLA and its biocomposites, before and 
after annealing. 
  



 
Table S1. DSC data corresponding to second heating scan for MPLA and its biocomposites, 

before and after annealing. 
 Before annealing  After annealing 

 Tg Tc ΔHc Tm ΔHm* ΔHm  Tg Tc ΔHc Tm ΔHm* 
ºC °C J g-1 ºC J g-1 J g-1  ºC °C J g-1 ºC J g-1 

PLA 58.9 110.6 24.6 146.9 19.5 24.1  57.9 124.0 16.2 149.3 6.5 153.0 4.6  

MPLA 61.5 112.8 27.2 148.1 20.4 25.0  58.2 110.3 32.6 146.3 31.0 153.6 5.4  153.4 

MPN1 61.2 106.3 32.0 146.1 18.2 27.70  58.8 106.3 29.3 146.0 29.1 154.2 9.9  154.0 

MPN2 61.3 109.9 29.2 146.1 19.6 29.7  58.9 107.4 30.0 146.1 31.1 153.9 8.7  154.0 

MPN3 61.1 109.9 31.2 147.0 19.6 25.9  59.4 109.6 24.4 147.1 25.7 154.7 9.6     154.6 

MPN4  61.0  109.9  32.0 146.7 20.8 27.02  59.3 106.6 28.4 146.2 29.9 154.4 8.6  154.0 
*values were calculated considering 50 wt. % of filler in biocomposites. 

 

  



TGA curves of all evaluated samples are reported in Figure S3. TGA data in Table 3 and the 
regarding discussion is reported in the main text of this article. Overall, all the biocomposites 
exhibited much higher char yields and Tmax values compared to neat MPLA. This behavior is 
attributed to the presence of PNS [11] and to ball milling [18].  
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Figure S3. TGA curves (solid) and Derivative TG curve (dashed) for MPLA composites during 
biodegradation in soil, under air atmosphere and under nitrogen atmosphere.  

  



Figure S4 shows the SEM images for the cryofractured surfaces, before and after annealing, of 
MPN2, MPN3, and MPN4. Annealed samples show an enhancement in the roughness of surface 
in MPLA and its biocomposites.  
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Figure S4. Morphological characterization of PLA and its biocomposites. SEM images of 
cryogenic fracture surfaces of MPN2, MPN3, and MPN4 before and after annealing.  
  



 
Soil burial biodegradation 
All samples, including plain PLA, were subjected to biodegradation in soil. In Fig. S5, the 
corresponding optical images and micrographs at high enlargement (50 x) of MPN2, MPN3, and 
MPN4 are shown. At the end of testing, all composites show a clearly eroded surface. A 
preliminary water sorption test as well as weight gain curves are reported in Fig. S6. No 
noticeable changes were observed, probably due to the formation of a surface biofilm which 
counterbalanced the mass loss due to degradation [19]. In Fig. S7 it is possible to observe this 
bioactivity on the surface of samples, except for PLA (Fig. 6). Even at low biodegradation times, 
MPN2 exhibited a smooth surface. This last was more evident as the biodegradation time 
increased.  
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Figure S5. Optical and SEM photos of MPN2, MPN3, and MPN4 biocomposites during 
biodegradation in soil. 
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Figure S6. Weight change due to a) water absorption, and b) biodegradation in soil of PLA, MPLA 
and MPLA biocomposites.  
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Figure S7. SEM images of MPN2, MPN3, and MPN4 biocomposites during biodegradation in 
soil. 

  



 
In Figure S8 and Table S2 the DSC curves and the related parameters obtained during second 
heating scan for PLA, MPLA, and MPN1, are reported. The first and second heating scans for 
the remaining biocomposites are also shown in Fig. S8. As well as MPN1, the rest of studied 
samples show a melting endotherm, whose enthalpy values tend to increase with burial time due 
to the amorphous phase cleavage, while Tm remains almost unchanged.  
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Figure S8. Changes in DSC curves of MPLA biocomposites during biodegradation in soil. 

  



Table S2. DSC data corresponding to second heating scan for MPLA 
bicomposites during biodegradation in soil. 

 time Tg Tc ΔHc* Tm ΔHm* 
 weeks ºC °C J g-1 ºC J g-1 

PLA 
0 58.9 110.6 24.6 146.9 24.1 153.0 

27 60.3 116.9 8.7 148.9 13.0 
52 60.15 114.1 13.4 149.4 16.7 

 

MPLA 

0 61.52 112.84 27.19 148.11 25.04 153.61 

27 60.80 112.64 35.29 147.55 33.51 154.12 

52 60.51 109.11 38.44 146.29 34.73 154.09 
 

MPN1 

0 61.25 106.34 32.00 146.13 27.7 154.17 

27 60.73 109.76 39.62 146.86 40.26 154.04 

52 60.26 107.90 36.62 146.10 37.22 153.87 
 

MPN2 

0 61.29 109.90 29.22 146.10 29.72 153.94 

27 60.89 109.56 35.18 146.55 34.88 153.99 

52 60.72 108.69 33.48 146.22 35.12 154.04 
 

MPN3 

0 61.10 109.90 31.16 147.05 25.96 154.71 

27 60.21 107.92 39.36 146.14 32.72 153.31 

52 60.29 107.70 40.04 145.96 34.26 153.51 
 

MPN4 

0 61.05 109.92 31.98 146.67 27.02 154.38 

27 60.38 108.91 36.00 146.15 32.90 153.95 

52 60.01 106.65 36.67 145.61 33.82 153.61 
*values were calculated considering 50 wt. % of filler in biocomposites. 
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