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ABSTRACT

based polymers is their weak physical and mechanical properties. In recent

years, efforts have been made to properly incorporate nanoparticles into the
polymer to reduce the limitation of their use in the packaging industry by partially
improving the physical and mechanical properties of these films. This study aimed to
incorporate zinc oxide nanoparticles into gelatin-biopolymer-based nanocomposite
films, in order to improve their physical, mechanical and thermal properties.
Methods: Gelatin-based nanocomposite films were prepared by adding different
amounts of zinc oxide nanoparticles (0, 0.5, 1.5 and 3%) using the so-called casting
method. By performing several tests, different properties of the manufactured
nanocomposite films including thickness, density, water vapor permeability,
mechanical properties, degree of transparency, color properties and finally, their

biodegradability were investigated.

Findings: the results showed that increasing the concentration of zinc oxide

l l ypothesis: The basic limitation of biopolymers compared to the petroleum-

film, nanoparticles increased the tensile strength and decreased the elongation-at-break
nanocomposites, of this biofilm. The results of physical tests showed that increase in nanoparticles
physical stability, cpncenFration reduc'ed the permeability to water vapor from 0.76 to 0.48: Incorporating
e zinc oxide nanoparticles affected the transparency of the biofilms i.e. their transparency

reduced by increasing nanoparticles concentration. By adding nanoparticles to
zinc oxide gelatin-based films, thermal properties including glass transition temperature and
melting temperature increased. Also, the thermal stability of the biofilms increased
from 533.38°C (0.5% nanoparticles) to 559.53°C (1.5% nanoparticles). The results
of biodegradability in soil and light showed that with increasing the concentration of
nanoparticles, the biodegradability was reduced. This is mainly due to the addition of
nanoparticles, which results in a greater bond strength between the components, and
consequently the delay in biodegradation.
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Fig. 1. The microstructure of zinc oxide nanopodwer: (a) TEM, (b) SEM, and (c) XRD.
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Fig. 2. Effect of of zinc oxide nanoparticles concentration on

tensile strength of gelatin-based films.
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Fig. 3. Effect of of zinc oxide nanoparticles concentration on

elongation at break of gelatin-based films.
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Table 1. Variations of thickness, density and water vapor per-

meability (WVP) of gelatin-based films containing zinc oxide

nanoparticles.
Thickness Density
Film type WVP
(mm) (g/mm?)

G 0.143° 0.126° 0.76*
G-Zn0-0.5% 0.145° 0.125® 0.48°
G-ZnO-1.5% 0.153® 0.121¢® 0.53®
G-ZnO-3% 0.16® 0.119+® 0.5®

*Values with the same superscript letter in the same column indicate
that they are not statistically different (p < 0.05).
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Table 2. The analysis of variance for density of gelatin-based

films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 322 3 1.07
Error 3.12 4 7.8 1.37m
Total 0.124 8 -

# Degrees of freedom.
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Fig. 4. Effect of zinc oxide nnoparticles concentration on

Young's modulus of gelatin-based films.
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Table 5- The analysis of variance for tensile strength of gela-

tin-based films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 11.6 3 3.8
Error 2.22 4 0.55 6.9*
Total 4.1 8 -
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Table 6. The analysis of variance for elongation at break of

gelatin-based films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 2685 3 895
Error 4390 4 1097 0.81s
Total 234862 8 -
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Table 3.The analysis of variance for thickness of gelatin-

based films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 0 3 0
Error 9.2 4 2.31 4.9ms
Total 0.182 8 -
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Table 4- The analysis of variance for water vapor permeability

(WVP) of gelatin-based films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 0.1 3 0.3
Error 0.04 4 0.1 3.23m
Total 2.7 8 -
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Table 7. The analysis of variance for Young's modulus of gelatin-based films containing zinc oxide nanoparticles.

Film type Transparency WI L a’ b* C AE

G 0.51° 3.55¢ 3.57¢ 0.142 1.89¢- 1.9¢ 0c
G-ZNO-0.5% 1.432 8.97° 8.89° 0.082 1.41 be- 1.42° 5.44°
G-ZNO-1.5% 0.96° 12.37¢ 12.37¢ 0.01%- 0.65®- 0.65¢ 8.88¢
G-ZNO-3% 1.17¢ 13.06° 13.07¢ 0.13%- 0.58%- 1.03¢ 9.66°

* Values with the same superscript letter in the same column indicate that they are not statistically different (p < 0.05).

ST 55 356 LI 55 Y5 wl  slaeks (K5 ol A Jsd

Table 8. Color properties of gelatin- based films containing zinc oxide nanoparticles.

Film type Transparency WI L a’ b* C AE

G 0.51° 3.55¢ 3.57¢ 0.14° 1.89¢- 1.9¢ 0°
G-ZNO-0.5% 1.43® 8.97° 8.89° 0.082 1.41 be- 1.42° 5.44°
G-ZNO-1.5% 0.96° 12.37® 12.37® 0.012- 0.65®- 0.65¢ 8.88¢
G-ZNO-3% 1.17¢ 13.06° 13.07¢ 0.13%- 0.58%- 1.03¢ 9.66°

* Values with the same superscript letter in the same column indicate that they are not statistically different (p < 0.05).
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Fig. 5. FTIR spectra of gelatin based films containing nano-

zinc oxide.
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Fig. 7. TGA thermograms of gelatin-based films containing

nano-zinc oxide.
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Table 10. The analysis of variance for C* of gelatin-based

films containing zinc oxide nanoparticles.
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Fig.6. DSC thermograms of gelatin-based films containing

nano-zinc oxide.
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Table 9. The analysis of variance for AE of gelatin-based

films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 3.44 3 1.1
Error 0.344 12 0.02 41.29"
Total 28.9 16 -

Sum of Mean
Source df F
square square
Film 232.23 3 77.41
Error 31 12 2.58 29.95*
Total 838.91 16 -
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Table 13. Monthly weight and percent of weight loss in of
gelatin-based films containing zinc oxide nanoparticles ex-

posed to sunlight

Initial Weight after weight
Source
weight (g) | three months (g) loss (%)
G 0.116 0.103 11.36%
G-Zn0-0.5% 0.126 0.114 9.52°
G-Zn0O-1.5% 0.123 0.116 5.79¢
G-Zn0-3% 0.128 0.122 5.04¢
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Table 14. The analysis of variance of biodegradability in sun-

light of gelatin-based films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
square square
Film 1109 3 36.36
Error 3.8 4 0.32 113.38"
Total 1119.9 8 -
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Table 11. The analysis of variance for WI of gelatin-based

films containing zinc oxide nanoparticles.

Sum of Mean
Source df F
Square Square
Film 226.18 3 75.39
Error 25.89 12 2.1 34.94*
Total 1694.07 16 -
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Table 12. Degradation temperature of gelatin-based films

containing zinc oxide nanoparticles in different steps.

Film Td, (°C) | Td, (C) | Td, C) | Td, ('C)

G 59.42 248.06 | 321.89 548.9
G-Zn0-0.5% | 60.59 239.31 356.78 | 539.38
G-ZNO-1.5% | 60.53 241.51 3153 559.53

G-ZnO-3% 63.4 236.07 | 320.15 | 556.88

Td: Temperature demolition.
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Table 15. The results of biodegradability of gelatin-based films containing zinc oxide nanoparticles in soil.

Film type Initial weight (g) Duration (day)
10 20 30 40 50
G 0.126 20.22 53.47 100 100 100
G-Zn0-0.5% 0.097 22.9 45.67 65.51 76.09 100
G-ZnO-1.5% 0.121 10.52 26.85 47.76 74.15 -
G-ZnO-3% 0.117 10.6 33.36 62.47 - -
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