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A Study on the Functionality and Stability
of LDPE-Nano ZnO Composite Film

Wooseok Lee and Seonghyuk Ko*

Department of Packaging, Yonsei University, Wonju 26493, Korea

Abstract In this work, nano ZnO was introduced into low density poly ethylene (LDPE) composites films with various
contents (0, 0.5, 1.0, 3.0 and 5.0 wt%) by melt-extrusion. Their basic properties such as crystallinity, chemical bonds and
surface morphology were examined by XRD, FTIR and SEM. XRD patterns and FTIR peaks intensity were increased
in proportion to the ZnO contents. SEM images showed well dispersed nano ZnO in LDPE composite films. Anti-
microbial functionality of LDPE-nano ZnO composite films was also studied and the presence of nano ZnO resulted in
significant improvement of antimicrobial functionality compared to the pure LDPE film. To evaluate influence of nano
ZnO on LDPE properties required as packaging material, thermal, mechanical, gas barrier and optical properties of
LDPE-nano ZnO composite films were characterized with various analytical techniques including TGA, UTM, OTR,
WVTR and UV-Vis spectroscopy. As a result, except optical and mechanical properties of LDPE, no significant effects
were found in other properties. Opacity of pure LDPE was greatly increased with increasing concentration of nano ZnO
and tensile strength was also improved at 0.5wt% ZnO content.
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Fig. 1. X-ray diffraction patterns of LDPE-nano ZnO composite films.
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Fig. 2. FTIR spectra of LDPE-nano ZnO composite films.
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Table 1. Antimicrobial functionality of LDPE-nano ZnO composite films
LDPE LDPE-ZnO LDPE-ZnO LDPE-ZnO LDPE-ZnO
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Fig. 4. TGA graphs of LDPE-nano ZnO composite films.
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Table 2. Opacity values of LDPE-nano ZnO composite films
Absorbance (@ 600 nm) UV-A (320-400 nm) Opacity
LDPE 0.047 0.588 0.588
LDPE-ZnO 0.5 wt% 0.050 0.651 0.651
LDPE-ZnO 1.0 wt% 0.051 0.674 0.674
LDPE-ZnO 3.0 wt% 0.063 0.799 0.799
LDPE-ZnO 5.0 wt% 0.084 1.077 1.077




Vol. 24, No. 1 (2018)

LDPE?] 71414 E49l

5 °%§lw42‘31€é—3—t&?i = 2]0]
QA== Al 12.5%, AFELS 9.5% FIEAoL, &
FHx =3 Hd 83% ‘3‘7]‘0]—037\1”4— B 72 =g U
7nOE LDPEY| A71519S A9 gidol diAde Hois)
w FAlol| A=A &%ﬂt LDPES] F& B4 ¥

She AR o =2H T 244
FAG A 7SS AT F deS g1
LDPE 259 EFHEY} S7Iete= dEe FHAdo] 87
= AEEgAe] 7 oAl Aol 28-S refalol & A
o2 ke

off
rﬂ

P,L
3R
g
B
T o

Aol 2

B A 20163 AFREPAA] AL (15162
MFDS031)% 5350w ofo] ZA=gU

F

0

re

OS5
JF?

1. Research, G V. 2016. Nano-enabled Packaging Market Worth
$66.30 Billion By 2024. https://www.grandviewresearch.com/
press-release/global-nano-enabled-packaging-market

2. Duncan, T. V. 2011. Applications of nanotechnology in food
packaging and food safety: Barrier materials, antimicrobials
and sensors. Journal of Colloid and Interface Science 363: 1-
24.

3. Paralikar, S. A., Simonsen, J., and Lombardi, J. 2008. Poly
(vinyl alcohol)/cellulose nanocrystal barrier membranes. Jour-
nal of Membrane Science 320: 248-258.

4. Chaudhry, Q., Scotter, M., Blackburn, J., Ross, B., Boxall, A.,
Castle, L., Aitken, R., and Watkins, R. 2008. Applications and
implications of nanotechnologies for the food sector. Food
Additives and Contaminants 25: 241-258.

5. Handford, C. E., Dean, M., Henchion, M., Spence, M., Elli-
ott, C. T., and Campbell, K. 2014. Implications of nanotech-
nology for the agri-food industry: Opportunities, benefits and
risks. Trends in Food Science & Technology 40: 226-241.

6. Silvestre, C., Duraccio, D., and Cimmino, S. 2011. Food pac-
kaging based on polymer nanomaterials. Progress in Polymer
Science 36: 1766-1782.

7. Mohanty, A. K., Misra, M., and Nalwa, H. S. 2009. Packag-
ing nanotechnology. American Scientific Publishers, 2009.

8. Rubilar, O., Diez, M., Tortella, G., Briceno, G., Marcato, P.,
and Duran, N. 2014. New strategies and challenges for nano-
biotechnology in agriculture. Journal of Biobased Materials
and Bioenergy 8: 1-12.

9. Kim, S. W. and Cha, S. H. 2014. Thermal, mechanical, and
gas barrier properties of ethylene-vinyl alcohol copolymer-
based nanocomposites for food packaging films: Effects of
nanoclay loading. Journal of Applied Polymer Science 131:
11.

10. Cho, T. W. and Kim, S. W. 2011. Morphologies and propert-

LDPE-L' ZnO =gtz =

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

B AR L 33

ies of nanocomposite films based on a biodegradable poly
(ester) urethane elastomer. Journal of Applied Polymer Sci-
ence 121: 1622-1630.

Sarsar, V., Selwal, K. K., and Selwal, M. K. 2014. Nanosilver:
Potent antimicrobial agent and its biosynthesis. African Jour-
nal of Biotechnology 13.

Espitia, P. J. P, Soares, N. d. F. F,, dos Reis Coimbra, J. S,
de Andrade, N. J., Cruz, R. S., and Medeiros, E. A. A. 2012.
Zinc oxide nanoparticles: synthesis, antimicrobial activity and
food packaging applications. Food and Bioprocess Technology
5: 1447-1464.

Silvestre, C., Cimmino, S., Pezzuto, M., Marra, A., Ambrogi,
V., Dexpert-Ghys, J., Verelst, M., Augier, S., Romano, 1., and
Duraccio, D. 2013. Preparation and characterization of isotac-
tic polypropylene/zinc oxide microcomposites with antibacte-
rial activity. Polymer Journal 45: 938.

Pantani, R., Gorrasi, G, Vigliotta, G, Murariu, M., and Dub-
ois, P. 2013. PLA-ZnO nanocomposite films: Water vapor bar-
rier properties and specific end-use characteristics. European
Polymer Journal 49: 3471-3482.

Li, X., Xing, Y., Jiang, Y., Ding, Y., and Li, W. 2009. Anti-
microbial activities of ZnO powder-coated PVC film to inac-
tivate food pathogens. International Journal of Food Science
& Technology 44: 2161-2168.

Association, K. S. KS M ISO 22196, 2014, Measurement of
antibacterial activity on plastics and other non-porous surf-
aces.

Materials, A. S. f. T. ASTM D882, 2012, Standard Test Me-
thod for Tensile Properties of Thin Plastic Sheeting.
Materials, A. S. f. T. ASTM DI1746, 2015, Standard Test
Method for Transparency of Plastic Sheeting.

Abdollahi, M., Alboofetileh, M., Behrooz, R., Rezaei, M., and
Miraki, R. 2013. Reducing water sensitivity of alginate bio-
nanocomposite film using cellulose nanoparticles. Internatio-
nal Journal of Biological Macromolecules 54: 166-173.

De Rosa, C., Auriemma, F., Corradini, P., Tarallo, O., Dello
lacono, S., Ciaccia, E., and Resconi, L. 2006. Crystal struc-
ture of the trigonal form of isotactic polypropylene as an
example of density-driven polymer structure. Journal of the
American Chemical Society 128: 80-81.

Chen, C., Yu, B, Liu, P, Liu, J., and Wang, L. 2011. Investi-
gation of nano-sized ZnO particles fabricated by various syn-
thesis routes. Journal of Ceramic Processing Research 12: 420-
425.

Asghar, W., Qazi, I. A, llyas, H., Khan, A. A., Awan, M. A,,
and Aslam, M. R. 2011. Comparative solid phase photocatal-
ytic degradation of polythene films with doped and undoped
TiO, nanoparticles. Journal of Nanomaterials 2011: 12.
Pholnak, C., Sirisathitkul, C., Suwanboon, S., and Harding,
D. J. 2014. Effects of precursor concentration and reaction
time on sonochemically synthesized ZnO nanoparticles. Mat-
erials Research 17: 405-411.

Jebel, F. S. and Almasi, H. 2016. Morphological, physical,
antimicrobial and release properties of ZnO nanoparticles-



34

25.

loaded bacterial cellulose films. Carbohydrate polymers 149:
8-19.

Li, S. C. and Li, Y. N. 2010. Mechanical and antibacterial
properties of modified nano-ZnO/high-density polyethylene
composite films with a low doped content of nano-ZnO. Jour-
nal of Applied Polymer Science 116: 2965-2969.

26. Seo, J., Jeon, G, Jang, E. S., Bahadar Khan, S., and Han, H.
2011. Preparation and properties of poly (propylene carbonate)
and nanosized ZnO composite films for packaging applica-
tions. Journal of Applied Polymer Science 122: 1101-1108.

F31:2017.04.16 / AATLE: 2018.04.20 / AN 2018.04.23



