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 What are the bio-based 
plastics?

 What is limiting their usage 
in plastic industry?
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Cellulose Nanocrystals (CNC)

• Bio-based & Biodegradable
• Recyclable
• Nontoxic
• High crystallinity
• High translucency
• High specific surface area
• High density of hydroxyl groups
• High tensile strength
• High oxygen barrier properties

• High cost
• Low flexibility/elongation at break
• Low resistance against water
• Deterioration of tensile strength and gas

barrier properties in the presence of
moisture
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Investigate the use of plasticizers as a sustainable method for improving the limitations of 
CNC films while preserving their positive aspects



Plasticized Cellulose Nanocrystals
film formation

Disintegrated for 15000 
revolutions

Total solid content= 8 wt.%

P= 500 psi
Conveyor speed= 0.65 cm/s

T = 30 °C
t: overnight

Peeling off the 
film

Sample
CNC: Maltitol

(wt./wt.%)             

Control(CNC) 100:0

MAL20 80:20

MAL30 70:30
1. Structural Properties

2. Optical Properties

3. Mechanical Properties

4. Barrier Properties



Structural Properties

Optical images of the rough surface of a) cellulose nanocrystal (CNC), and cellulose nanocrystal containing c) 20 wt.% (MAL20), and d) 30 
wt.% (MAL30) maltitol and smooth surface of d) cellulose nanocrystal (CNC), and cellulose nanocrystal containing e) 20 wt.% (MAL20), and 
f) 30 wt.% (MAL30) maltitol (The scale bar for the images is 500µm), and g) the surface roughness (Sq) on each side of the films for an area 
of 256x256 µm×µm



Structural Properties

(a)

(b)

(c)

(d)

Morphology of the CNC composites of different compositions. Scanning electron 
micrographs of the cross-section of CNC (a and b) and MAL30 films containing 30 
wt.% maltitol (c and d) films

Crystallinity of the CNC-Maltitol composites. XRD
patterns for the control film (CNC) and plasticized
samples containing 20, and 30 wt.% maltitol



Structural Properties
Samples/properties

Basis Weight 
(g/m2)

Thickness
(µm)

Bulk Density
(g/m3)

Skeletal Density
(g/m3) porosity

CNC (Control) 99.9 ± 7.9 76.7 ± 4.1 1.30 ± 0.05 1.5628 16.7 %

CNC: Maltitol 80:20 128.3 ± 17.3 94.50 ± 11.2 1.35 ± 0.06 1.5711 13.6%

CNC: Maltitol 70:30 204.5 ± 25.1 140.8 ± 19.2 1.47 ± 0.01 1.5753 6.6%



Optical Properties

UV-Vis transmittance spectra (300-800 nm) of CNC:Maltitol films
Optical images 



Mechanical Properties



Barrier Properties
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Water vapour permeability (WVP) and oxygen permeability
(OP) for the cellulose nanocrystals and composite films
containing 20, and 30 wt.% maltitol, measured at 50% RH
and 23°C

RH = 0%

RH = 50%



Barrier Properties

• Lower porosity • Lower density of free hydroxyl groups



Dynamic Vapour Sorption 

Moisture sorption kinetic graphs of (a) CNC, and plasticized samples containing (b) 20
wt.% and (c) 30 wt.% maltitol during the sorption process

The equilibrium moisture content isotherm at 30°C for three 
different RH of 30%, 50%, and 80%. The solid line indicates 
increase in RH while the dash dot line indicates decrease in RH.



Water Contact Angel
Water Drop Absorption Time



FlexibleTransparentBio-based High barrier Recyclable
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