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Maleic anhydride -butyl acrylate copolymer compatibilized PLA/ZnO nanocomposite films
MIAO Wei', WANG Jinrui’, WANG Shaoshuai', LI Jinling’, CHENG Wenxi', SONG Weigiang', WANG Tao', WANG Chenyu'
(1. School of Materials Science and Engineering, Henan University of Technology, Zhengzhou 450001, China;

2. School of Advanced Interdisciplinary Science and Technology, Henan University of Technology, Zhengzhou 450001, China)

Abstract : Polylactic acid (PLA) is a fully biodegradable green packaging material with promising prospects in the field of
fresh food packaging. Nevertheless, neat PLA suffers from drawbacks including poor mechanical properties and absence of antibac-
terial activity, which greatly hinder its industrial popularization. To optimize the overall performance of PLA, adopting maleic anhy-
dride-butyl acrylate copolymer (PBM) as a compatibilizer, a series of PLA/ZnO/PBM nanocomposite films with PBM contents rang-
ing from 0.5 wt% to 2 wt% were fabricated via melt blending followed by hot-pressing, and pure PLA and PLA/ZnO films were
used as controls. Multiple characterization techniques were utilized to systematically investigate the effects of PBM loading on the
microstructure and performances of composite films, and broccoli preservation tests were carried out to evaluate their practical appli-
cation performance. Proton nuclear magnetic resonance results verified that the synthesized product was PBM. Differential scanning
calorimetry and thermogravimetric analysis measurements revealed that PBM effectively increased the crystallinity and thermal
stability of composites. Mechanical tests demonstrated that PBM simultaneously boosted tensile strength and toughness of films.
The maximum tensile strength of 74.06 MPa was achieved at 1 wt% PBM, 1.25 times that of PLA/ZnO film, proving that PBM
significantly improved the dispersion of nano-ZnO and interfacial compatibility within PLA matrix. Antibacterial tests indicated that
nano-ZnO endowed the film with basic antibacterial capacity, which was further enhanced by incorporating PBM. At PBM of 1.5

wt%, the antibacterial rates against Staphylococcus aureus and Escherichia coli reached 92.27% and 93.55%, respectively. Broccoli
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storage experiments confirmed that the composite film obviously reduced weight loss and decay rate of fruits and vegetables during

storage, retarded yellowing and senescence, and extended the shelf life of broccoli to 6 days. This study successfully remedies the

performance deficiencies of neat PLA, providing reliable experimental references for the development and application of high-

performance biodegradable food packaging materials.

Keywords : polylactic acid ; nano-zinc oxide ; maleic anhydride -butyl acrylate copolymer ; compatibilization ; antibacterial

activity
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Tab.1 Composition and DSC test data of neat PLA,PLA/ZnO and PLA/ZnO/PBM nanocomposite films

Mass fraction Mass fraction of  Mass fraction

Samples of PLA/% Zn0/% of PBM/% T/c 1/°C T/C AH/I-g) X%
PLA 100 0 0 65.5 101.0 1732 35.26 37.67
PLA/ZnO 99 1 0 66 91.5 174.0 4185 45.16
PLA/ZnO/PBMO.5 98.5 1 0.5 66.5 87.6 172.8 44.29 48.04
PLA/ZnO/PBMI 98 1 1 62.5 88.8 175.6 4473 48.76
PLA/ZnO/PBM1.5 97.5 1 1.5 61.9 86.4 173.2 43.89 48.09
PLA/ZnO/PBM2 97 1 2 65.6 90.6 173.8 40,32 44.41

Notes: T, is glass transition temperature; T, is cold crystallization temperature; 7, is melting temperature; AH_ is melting enthalpy; X, is crystallinity.
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Tab.2 Tensile properties of neat PLA,PLA/ZnO and PLA/ZnO/

PBM nanocomposite films

Samples Tensile Tensile Elongation at
strength/MPa  modulus/MPa break/%
PLA 57.52+1.51  1135.78+27.01  4.91+0.25
PLA/ZnO 59.41+£3.99  1028.54+31.72  5.58+0.63

PLA/ZnO/PBMO0.5  61.41+3.09 988.14+94.96 6.77+1.81
PLA/ZnO/PBM1 74.06+2.80 985.53+46.12 7.65+0.49
PLA/ZnO/PBML.5  70.61+0.16 858.71+43.38 9.29+0.76
PLA/ZnO/PBM2 68.12+1.29 795.79+£21.20 9.17+0.41
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Fig. 6 Antibacterial effect of various films against S. aureus



56 TR

2026 4E, 45 54 4 55 7 W)

(¢) PLA/ZnO/PBM1

(f) PLA/ZnO/PBM1.5

(g) PLA/ZnO/PBM2

87 £FP XS E.coli YT HRICR

Fig. 7 Antibacterial effect of various films against E.coli
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Fig. 9 Appearance changes of broccoli during storage
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