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Figure 1 FTIR of Sisal, CNF, CNF/Residue and residue 

 
The residue was characterized by FTIR (SI-Figure 1). As can be the residue shows a peak at 3330 cm-1 which is 
characteristic of the cellulose and a very clear peak at 1590 cm-1 which is characteristic of the lignin, meaning 
that we have both lignin and cellulose present at the residue. Although the peak at 1740 cm-1, characteristic of 
the hemicellulose, has disappeared from the spectra of the residue, does not mean that there is no hemicellulose 
present, the reason is that as has been reported (Patil et al., 2012) the strong alkali treatments can deacetylate the 
hemicellulose. This is also supported by the fact that this peak it is neither present in SM (fig 4). Finally, it has 
been reported already that the alkali treatment extracts hemicellulose from fibers (Fang et al., 2000) so it can be 
concluded that there is cellulose, hemicellulose and lignin present in the residue. 
 
It can also be seen how the FTIR spectra of the sisal, the CNF and CNF/residue can be compared in order to see 
if the CNF/residue had a similar composition as the sisal and as can be seen on fig 4, there are only minor 



differences between both spectra. The peak at 1594 cm-1 (lignin) is slightly smaller in the CNF/residue than in 
the sisal, but it is slightly higher than in the CNF. The reason is that the alkali treatments can not remove all of 
the lignin (for that reason there is a mass loss in the following procedures and the fiber after the alkali treatment 
is still brown), meaning that with the current procedure we can recover part of the lignin but not all of it. 
 
The behavior of the peak at 1740 cm-1 is more complex. This peak is indicative of the acetyl groups of the 
hemicellulose, but also of the grafted acetyl groups on the CNF. As long as the residue is rich on hemicelluloses, 
it was expected to have a more intense signal on this band higher on the CNF/residue than on the CNF, but in 
fact it is lower.  
 
This is probably due to the fact that the alkali treatments deacetylate the hemicelluloses (Patil et al., 2012), 
moreover, as long as in the CNF/residue the concentration of CNF is smaller, the signal of the acetate groups of 
the CNF should be smaller, as it is. Finally this conclusion is supported by the fact that the peak at 3330 cm-

1(attributed to the OH stretching of cellulose molecules) is more intense in CNF than in CNF/residue, meaning 
that the CNF has higher cellulose content than CNF/residue. 
 

 
Figure 2a SEM micrographs of a casted drop in an aluminum foil. 

 



 
Figure 2b SEM micrographs of a casted drop in an aluminum foil. 



 

 
Figure 2c SEM micrographs of a casted drop in an aluminum foil. 

 
 
 



 
Figure 3a SEM of the CNF Nanopaper 

 



 
Figure 3b SEM of the CNF Nanopaper 

 



 
Figure 3c SEM of the CNF Nanopaper 

 



 
Figure 3d SEM of the CNF Nanopaper 

 



 
Figure 3e SEM of the CNF Nanopaper 

 
 



 
Figure 4a SEM of the CNF/Residue Nanopaper 

 



 
Figure 4b SEM of the CNF/Residue Nanopaper 

 



 
Figure 4c SEM of the CNF/Residue Nanopaper 

 



 
Figure 4d SEM of the CNF/Residue Nanopaper 

 



 
Figure 4e SEM of the CNF/Residue Nanopaper 

 



 
Figure 4f SEM of the CNF/Res at different magnifications 

 
 
 
 

Table 1: Optical properties of the films determined by use of a hazemeter. 

  CNF CNF/Residue 

Transparency 91,55% +/- 0,161 88,17% +/- 0,189 

Haze 26,73% +/- 0,411 36,18% +/- 1,302 

Clarity 69,77% +/- 1,157 44,58% +/- 1,771 

 
 
 
 
 



 
Figure 5 Water sorption of neat CNF and CNF/Residue film 

 
 
 
 
Table 2 Mechanical properties of the CNF Films 

 
Stress (MPa) Elongation at break (%) E (GPa) 

CNF 24,74 +/- 6,20 1,2 +/- 0,02 2,41 +/- 0,088 
CNF/RES 42,59 +/- 4,46 2,65 +/-  0,29 1,810 +/- 0,044 

 

The mechanical properties of the film were tested.  Which in the case of the neat CNF film was very difficult to 

investigate due to the unevenness of the thin and brittle nanopaper. The neat CNF nanopaper was found to have 

poor mechanical properties, probably due to the unevenness of the film, while the nanopaper with the added 

residues showed improved mechanical properties, even though both films are very weak. 
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