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INTRODUCTION
Composites based on biopolymers, such as poly(lactic acid), PLA1, are currently receiving particular attention due to the increasing demands of consumers and manufactures for environmental
sustainable products. It was recently reported that the properties of PLA can be not only improved, but also tailored for specific end uses by selecting appropriate fillers and processing
conditions. For food packaging application, antibacterial properties along with barrier and mechanical properties are of particular interest2. In order to improve the antibacterial properties of the
packaging materials microparticles of zinc oxide (ZnO) have been recently incorporated into a number of different polymers, as a viable solution for stopping infectious diseases, for the activity
of such particles against both Gram-positive and Gram-negative bacteria3. The aim of this study is to investigate the influence of a different ZnO on the morphology, mechanical and barrier
properties, and antibacterial property (E. coli) of 3 PLA biocomposites, with 1, 3 and 5% of ZnO, respectively. The ZnO used in the work is obtained by spray pyrolysis technique which
provides high purity, narrow submicron size distribution of the particle dimensions.

MORPHOLOGICAL ANALYSIS

EXPERIMENTAL PART
MATERIALS
2. ZnO obtained by
spray pirolysis

1. Polylactic Acid
Material

PLA 4032D

Producer

Nature Works®

Mn (g/mol)*

1.3 x 105

Mw (g/mol)*

2.1 x 10

5

Mn/Mw

1.56

Tm (°C)

160

Tg (°C)

(measured
by DSC)

58

Density (g/cm3)

Material

ZnO

Producer

PYLOTE

Average
particle
diameter
(dry) (nm)

100-500

Purity

100%

1.24

*The Value of Mn e Mw was calculated by GPC analysis at
IPCB-CNR of Pozzuoli

PROCESSING CONDITIONS

SEM micrographs: the surface of plain PLA (1000x) is homogeneous; the surface of PLA/5%ZnO
(1500x) presents particles fairly distributed with some agglomerates (0.5-5 µm).
MECHANICAL TESTS
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1)To improve the dispersion of ZnO in PLA a masterbatch with composition PLA 80%
and ZnO 20% was prepared by mixing the components in a twin-screw extruder, Collin
ZK 25.The masterbatch was diluted in PLA to obtain the desired composition.
2)Films were prepared with calender
Collin Teach –Line E20T/CR72T .
The temperatures used are:
Zone 1: T=160°C; Zone 2: T=170°C;
Zone 3: T=180°C; Zone 4: T=170°C;
Zone 5: T=180°C.
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PERMEABILITY TESTS
Sample
PLA

O2 Permeability

CO2 Permeability

[(cm3/(24hxm2)]x(cm/bar) [(cm3/(24hxm2)]x(cm/bar)

[(cm3/(24hxm2)]x(cm/bar)

2.23 ± 0.22

8.00 ± 0.20

0.21 ± 0.01

PLA/1% ZnO
PLA/3% ZnO

1.83 ± 0.03
1.81 ± 0.24

6.67 ± 0.14
6.96 ± 0.04

0.25 ± 0.01
0.25 ± 0.01

PLA/5% ZnO

1.84 ± 0.06

6.86 ± 0.26

0.24 ± 0.02

The addition of 1% of ZnO to PLA has the effect to decrease the O2 and CO2
permeability, and a very small increase of the water vapor permeability. Further addition
of the zinc oxide, up to 5wt %, does not seem to have any additional influence on the
permeability values.
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The tensile analysis indicates anisotropy in all the samples; the films are tested along the machine
and transverse direction. The addition of ZnO increases the Young modulus and the stress at yield
point. In general the tensile parameters are better in machine direction than in transverse direction.
ANTIMICROBIAL TESTS

PLA/5%ZnO
film
has
excellent
bactericidal activity against E. coli. In
fact, already after 24 hours, the reduction
(%R) of E. coli is decreased to 99.99; the
other two concentrations, with lower ZnO
content, reach the same result only at the
fifth day.

CONCLUSIONS
In conclusion, the work indicates that the PLA film with 5wt% of ZnO is suitable for food
packaging application because it shows, compared to plain PLA, good tensile properties (higher
modulus and stress at yielding), lower permeability to O2 and CO2, only a very small increase of
WV permeability, and above all, excellent antimicrobial activity to E. coli already after 24 hours.

