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CNF and CNC extraction and isolation 

A) Washing: 50 g of sisal fibers (S) were cut with a scissor and washed with 1.5 L of a solution of 
2% NaOH at room temperature for 16 h in a 2 L round bottom flask. Thereafter the fibers were 
filtered and washed, by addition of distilled water until no further change on pH of the aqueous 
suspension was observed.  

B) Mercerization (SM): The washed fibers (S) were collected and mercerized with 1.5 L of a 
solution of NaOH at 10% w/v in a 2 L round bottom flask and were kept for 1.5 hours at boiling 
temperature. This procedure was repeated two more times and then, the fibers were washed. 

C) Bleaching (SMB): The mercerized pulp (SM) was collected in 1.25 L of distilled water in a 2L 
round bottom flask and the temperature was raised until 70 °C. When this temperature was 
achieved, once per hour for the next seven hours 10 mL of acetic acid and 50 mL of NaClO2 were 
added. Finally, the bleached pulp was filtered and cleaned until no change in the pH was observed. 

D) Acetylation (SMBA): The bleached pulp (SMB) was submitted to an acetylation process in a 2 
L round bottom flask.  with 135 mL of nitric acid and 800 mL of acetic a; This solution was kept at 
boiling temperature and magnetic stirring for 90 minutes and thereafter, the reaction media was 
cooled by diluting with cold water (ratio 1:5). 

This pulp was submitted either for a dispersion-centrifugation procedure to achieve the CNF or to 
acid hydrolysis to achieve CNC. 

1) CNF isolation: The SMBA was washed and solvent exchanged to DMF three times with no 
intermediate re-dispersion step. Afterwards the suspension was diluted with DMF until achieve a 
solution of 1% of CNF on DMF. This mixture was kept under vigorous magnetic stirring for three days 
to be finally centrifuged (~ 2500 rpm for 10 minutes) to precipitate the remaining aggregates. The 
supernatant – the CNF suspension - was collected and while the precipitate was discarded. 

2) CNC isolation: The CNC was obtained by acid hydrolysis of the acetylated SMBA. 20 g SMBA 
pulp was submitted to an acid hydrolysis with 400 mL of 32wt% sulphuric acid at 45oC for two hours. 
The suspension was thereafter diluted approximately five-folds with distilled water and after that 
was dialyzed until no further change in pH was observed. Finally, the product was solvent exchanged 
to DMF. The CNC suspension on DMF was kept for 24 hours under strong magnetic stirring and was 



then it was centrifuged to precipitate the aggregates (~ 1500 rpm for 10 min). The CNC containing 
supernatant was used to make the nanocomposites and the precipitate discarded. 

Neat PLA: 

5 grams of PLA were dissolved in 250 mL of DCM by magnetic stirring overnight at room 
temperature. After that the mixture was degassed in an ultrasonic bath for 5 mins. Finally the PLA 
solution was poured slowly into three Teflon mold, 80 mL for each mold. The three molds were 
covered by a 5-13 µm filter paper and kept in a Climacell climatic chamber (MMM Group) at 23oC 
during 16 hours and thereafter dried at 50 oC in vacuum for at least 24 hours. 

PLA/C30B: 

To prepare PLA/C30B nanocomposites separate solutions of PLA and C30B were prepared. 

To prepare PLA solution, 10 g of PLA were dissolved in 200 mL of dichloromethane (DCM) using 
magnetic stirring overnight and after that, this mixture was degassed in an ultrasonic bath for 5 
mins.  

Separately 3 g of C30B was mixed with 300 mL of DCM and this mixture was magnetically stirred for 
24 hours. Thereafter, the nanoclay suspension in a DCM solution was ultrasonicated for three hours, 
which was found to be the optimal time for the clay dispersion, at 200W and homogenized for 90 
minutes with an Ultraturrax homogenizer (Jonke & Kunnel IKA Ultraturrax T25) at 20500 rpm. Finally 
the solution was raised to 300 mL by adding extra DCM. 

Finally the PLA and nanoclay solutions were mixed in the required amount and were kept for 10 
minutes with magnetic stirring. The volume was then increased to 250 mL with DCM, ultrasonicated 
for 90 minutes at 200 W, homogenized for 30 minutes at 20500 rpm and the necessary DCM was 
added to increase the volume to 250 mL. Thereafter, the suspension was degassed by 
ultrasonication for 5 minutes and 80 mL of solution was slowly poured into three Teflon molds. The 
three molds were covered by a 5-13 µm filter paper and they were kept in a Climacell climatic 
chamber (MMM Group) at 23 oC for 16 hours. Subsequently, the resulting PLA/C30B films were dried 
at 50 oC under vacuum for a minimum of 24 hours. 

PLA/CNF and PLA/CNC 

In order to prepare the PLA/nanocellulose composites, first, a separate solution of PLA and nanofiller 
were prepared. After the nanocellulose extraction protocol, a solution of approximately 1% w/V of 
nanofiller in dimethylformamide (DMF) was obtained.  

In the case of PLA 3.3 g of PLA was dissolved in 66 mL of DMF and the mixture was held for two 
hours at 70 oC under vigorous stirring. After two hours, the nanofiller suspension which was obtained 
in the CNF isolation procedure was added and the solution was increased to 105 mL with additional 
DMF. The PLA/nanocellulose mixtures were then kept under vigorous stirring and ultrasonicated at 
200 W for 10 minutes.  

 



Finally the mixture was cast into two Teflon molds covered by a 5-13 µm filter paper. In each case, 
remaining solvent was removed from cast films by drying at 80 oC for 15 hours followed by drying 
under vacuum at 50 oC for 24 hours. 

SEM 

 

Figure 1 Cross section of the PLA/CNF 1%/C30B 1% nanocomposite. 

 

Figure 2 Cross section of the PLA/CNC 1%/C30B 1% nanocomposite. 

Table 1 OTR values at 23 °C and 0 and 50% RH of PLA and nanocomposites.  

 
PLA/CNF/C30B (mL µm m-2 day-1) 

 
PLA 0%-1% 1%-0% 1%-1% 1%-3% 1%-5% 

0% RH 25179 18054 8995 5935 4593 3662 

Improv. 0.0% 28.3% 64.3% 76.4% 81.8% 85.5% 

50% RH 22381 16578 8326 5638 4260 3353 

Improv. 0% 26% 62.8% 74.8% 81.0% 85.0% 

 
PLA 0%-5% 5%-0% 5%-1% 5%-3% 5%-5% 

0% RH 25179 16577 7622 5086 3180 2550 

Improv. 0.0% 34.2% 69.7% 79.8% 87.4% 89.9% 

50% RH 22381 14608 6772 4403 2645 2183 



Improv. 0% 34.7% 69.7% 80.3% 88.2% 90.2% 
 

 
PLA/CNC/C30B (mL µm m-2 day-1) 

 
PLA 0%-1% 1%-0% 1%-1% 1%-3% 1%-5% 

0% RH 25179 16577 8155 6744 5613 4149 

Improv. 0% 34.2% 68% 73% 78% 84% 

50% RH 22381 14608 7485 6339 5151 3694 

Improv. 0% 35% 67% 72% 77% 83% 

 
PLA 0%-5% 5%-0% 5%-1% 5%-3% 5%-5% 

0% RH 25179 16577 5935 5274 4227 2923 

Improv. 0% 34% 76% 79% 83% 88% 

50% RH 22381 14608 5638 4328 3999 2539 

Improv. 0% 35% 75% 81% 82% 89% 
 

Table 2 WVTR values at 23 °C and 0 and 50% RH of PLA and nanocomposites.  

   
PLA/CNF/C30B (g µm m-2 day-1) 

 

 
Neat PLA 0%-1% 1%-0% 1%-1% 1%-3% 1%-5% 

Value 1863 1070 999 792 618 
 

Improv. 
 

42.6% 46.4% 57.5% 66.8% 
 

 
Neat PLA 0%-5% 5%-0% 5%-1% 5%-3% 5%-5% 

Value 1863 878 855 736 463 450 

Improv. 
 

52.9% 54.1% 60.5% 75.1% 75.8% 
 

   
PLA/CNC/C30B  (g µm m-2 day-1) 

 

 
Neat PLA 0%-1% 1%-0% 1%-1% 1%-3% 1%-5% 

Value 1863 1070 920 863 698 
 Improv. 

 
42.6% 50.6% 53.7% 62.5% 

 

 
Neat PLA 0%-5% 5%-0% 5%-1% 5%-3% 5%-5% 

Value 1863 878 1018 724 530 493 

Improv. 
 

52.9% 45.3% 61.1% 71.5% 73.5% 
 


