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Research subject: Biodegradable compounds with high mechanical
and thermal properties are one of the interesting research topics. Poly-
lactic acid is an aliphatic polyester with high biodegradability and flexi-
bility. It, however, suffers from several weaknesses such as high perme-
ability to water vapor and gases, low glass transition temperature, poor
thermal stability and brittleness which can be improved by the incorpo-
ration of nano-scale fillers giving rise to bionanocomposites. The aim of
this study was to investigate the effect of the simultaneous incorpora-
tion of cellulose nanocrystals and nanosilver on the mechanical, thermal
and water vapor permeability behavior of polylactic acid-based films.
Research approach: Polylactic acid films and their bionanocomposites
containing different levels of cellulose nanocrystals (0.01, 0.03 and 0.05
g) and nanosilver (0.01 g) were prepared by solution casting method.
To improve compatibility and miscibility of the polymer, cellulose nano-
crystals were reacted with acetic anhydride and modified. FTIR spec-
troscopy, tensile test, thermal properties (DSC), migration test and an-
tibacterial properties were used to study the properties of the samples.
The water vapor permeability of the samples were also measured.
Main results: The addition of cellulose nanocrystals, increased the glass
transition temperature (Tg) and melting point (Tm) of the samples. The
presence of cellulose nanocrystals increased the tensile strength and
modulus of elasticity of the bionanocomposite relative to pure polylactic
acid. With the addition of cellulose nanocrystals, permeability was re-
duced by about 25%. As the amount of cellulose nanocrystals increased,
the swelling and water absorption of the samples increased significant-
ly. The migration rate of the samples also decreased after the addition
of nanocellulose.
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Table 1 Components of the samples

Samples Polylacticacid | Nano cellulose | Nano Silver
(g) (g) (8)
PLA 3 - -
PLA1+sCNC+Ag 3 0.01 0.01
PLA3+sCNC+Ag 3 0.03 0.01
PLA5+sCNC+Ag 3 0.05 0.01
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Fig. 1 Chemical modification of nanocellulose with acetic anhydride [17]
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Fig. 2 FTIR spectroscopy of unmodified cellulose nanocrystals and modified cellulose nanocrystals
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Table 2 DSC results of polylactic acid films containing different ratios of nanocrystal cellulose and nanosilver

Samoles Glass transition Melting Percentage of
P temperature (°C) | point (°C) | crystallinity (%)
PLA 55.6 157.3 13.73 £1.2
PLA1+sCNC+Ag 58.3 160.3 18.50 + 1.6
PLA3+sCNC+Ag 61.8 160.1 1524 +1.4
PLA5+sCNC+Ag 64 161.0 15.87 £1.5
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Fig. 3 DSC curve of bionanocomposites containing nanocellulose and nanosilver
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Table 3 Mechanical properties of PLA and its bionanocomposites

Samples Tensile Elongation at Tensile
p strength (MPa) | break (%) | modulus (MPa)
PLA 17.88 + 2 435+2 2038 + 22
PLA1+sCNC+Ag 2095+1.8 47.7+£3 3200 %25
PLA3+sCNC+Ag 23.71+21 459 +3 5147 £33
PLA5+sCNC+Ag 2197 +2.2 3822 4462 + 21
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Table 4 Water vapor permeability of PLA and its bionanocomposites

Samples WVP x 10-10 Percentage
p (g/m.s.Pa) reduction (%)
PLA 3.90+0.01 -
PLA1+sCNC+Ag 3.07+£0.01 21.28+0.5%
PLA3+sCNC+Ag 2.89+£0.015 25.89+0.7 %
PLAS5+sCNC+Ag 3.01+0.017 228203 %
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Table 5 Inhibitory zone diameter for two types of Staphylococcus aureus and Escherichia coli

Bacteria
Staphylococcus aureus Escherichia coli
Samples
Diameter (mm) Diameter (mm)
PLA -

PLA1+sCNC+Ag 1+ 0.1 2+0.2

PLA3+sCNC+Ag 1+ 0.2 2+0.25

PLA5+sCNC+Ag 1+ 0.15 2+ 0.2
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