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Designed of rPP/d2w®/ZnO Nanocomposite Flexible Film
for Food Packaging and Characterization
on Mechanical and Antimicrobial Properties
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Abstract In this study, pro-oxidant(d2w®) and rPP/ZnO nanocomposite flexible films for food packaging were pre-
pared, and their mechanical and antimicrobial properties were investigated. As a result, the carbonyl index and hydroxyl
index increased with exposured time to heat and UV rays. Surface analysis showed that the addition of zinc oxide
improved the dispersibility and compatibility of the polymer, so that the surface of the composite film was smooth and
the zinc oxide particles were smaller than the compared film. And it kept the physical properties by heat and UV ray
blocking effect, and it worked to reduce decomposition. In the antimicrobial activity test, the microbial reduction rate was
3 logs or more at the use concentration of zinc oxide. The tensile strength was increased and the elongation was
decreased. Oxidative degradability of multi-layered film in UV exposured for 72 hours, the molecular weight of the film
decreased by 75.6%, 1,294 g/mol Mn and 5,920 g/mol Mw. In the safety analysis of food packaging materials, we ob-
tained that are in standard of polypropylene, a food contact material of domestic law.

Keywords Pro-oxidant(d2w®), Antimicrobial, rPP(Propylene random terpolymer)/ZnO(Zinc oxide) nanocomposite,
Heat and UV degradation, Multi-layered Flexible food packaging film
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Fig. 1. Mechanism of polyolefin photodegradation a) pro-oxidant, b) oxidation, ¢) degradation.
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Table 1. Composition of Antimicrobial Masterbatch(ZnO MB) and Pro-oxidant contained rPP/ZnO nanocomposite Multi layaered Film

Raw A. Pro-oxidant(d2w®) contained rPP/ZnO nanocomposite Multi layered Film
Materials ZnO B. Control | C. Compared oxo-degradation | D. Pro-oxidant/ | E. Pro-oxidant/ | F. Pro-oxidant/
MB (untreated) Multi-layer film* rPP rPP/ZnO (0.5%) | rPP/ZnO (1%)
hpp 72
rPP 98 97 94.5 92
Dispersant
Lubricant
ZnO 20
Additive 2 2 2 2 2
d2w® MB 1 1 1
ZnO MB 2.5 5

*Commercial oxo-degradation Multi-Layer Film [PP base/pro-oxidant(P-Life)]
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Fig. 2. Multi-Layered Structure of rPP/d2w®/ZnO flexible film.
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Fig. 3. SEM images fractured surface of a) rPP/d2w® b) compared oxo-degradation film, ¢) rPP/d2w®/ZnO (0.5%) film.
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Fig. 8. Appearance Effect of Heat and UV aging on a) PP/d2w®,
b) compared oxo-degradation film, c) tPP/2w®/ZnO (0.5%) film.
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Table 2. Reduced Molecular Weight of tPP/d2w®/Zn0O (0.5%)
after UV exposed

tPP/d2w®/Zn0O nano-
Molecular composite
weight Multi-layered film

Compared
oxo-degradation film

(g/mol) UV test UV test UV test UV test
0 hr 72 hr 0 hr 72 hr
Mn 85,431 1,294 34,715 1,359

Mw 144317 5,920 125,293 6,522
Mz 187,100 | 24,083 | 178,905 | 22,715
PDI 1.689 4.575 3.609 4.799
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Fig. 9. FT-IR spectra in the carbonyl region of UVB ray expo-
sured time in rPP/d2w®/ZnO (0.5%) film.
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Fig. 10. Carbonyl indices of Heat aging on a) rPP/d2w®, b) com-
pared oxo-degradation film, c) rPP/d2w®/ZnO (0.5%) film.

040,
uv
0235 —=— compared oxo-degradation film b
—e— rPP/d2w/Zn0 SN

0.20 A rPP/d2w
x 025
[
°
£ \
= 020 A
> /
& 74
€ o015
3

0.10 / -— —A

w“l /“/— =
0.05 e A = - -
5 ot T
T Y
0o X
Z Y Z ¥ B g 0 12 4 4] 18
days

Fig. 11. Carbonyl indices of UV aging on a) rPP/d2w®, b) com-
pared oxo-degradation film, c) rPP/d2w®/ZnO (0.5%) film.
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Fig. 12. Hydroxyl indices of heat aging time on a) rPP/d2w®, b)
compared oxo-degradation film, c) tPP/d2w®/ZnO (0.5%) film.
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Fig. 13. Hydroxyl indices of UV aging time on a) rPP/d2w®, b)
compared oxo-degradation film, ¢) rPP/d2w®/ZnO (0.5%) film.

Table 3. Safety Analysis on the Pro-oxidant contained rPP/ZnO nanocomposite Multi-Layered Film

Sample name and Safety analysis items MITDSIS‘) B. Control | E. Pro-oxidant/ | F. Pro-oxidant/
Specification (untreated PP) | rPP/ZnO (0.5%) | rPP/ZnO (1%)
Migration Pb (mg/() Not nore than 1 ND ND
Consumption of KMnO, (mg/0) Not nore than 10 0.9 2.2
as water (mg/C) Not nore than 30 5.5 4.5
Overall as n-heptane (mg/l) Not nore than 150 9.0 8.0
migration as 4% acetic acid (mg/l) Not nore than 30 6.0 12.0
as 50% ethanol (mg/() Not nore than 30 - -
Staphylococcus aureus
Control (inoculated) 2.9x10° 2.9x10° 2.6x10°
24 hr after bacterial reduction 8.3x10° <10 <10
Antibacterial Activity Value 0.12 5.0 5.52
Antimicrobial Reduction (%) 24.5 99.9 99.99
Activity Escherichia coli
initial bacterial content 3.6x10° 3.6x10° 2.6x10°
24 hr after bacterial reduction 1.1x10° <10 <10
Antibacterial Activity Value 0.10 5.1 5.57
Reduction (%) 214 99.9 99.99
Appearance Transparancy Hazy white hazy
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