
Technical Sciences, 2019, 22(4), 329–336

doi: 10.31648/ts.5295

Correspondence: Marek Jałbrzykowski, Wydział Mechaniczny, Politechnika Białostocka,  
ul. Wiejska 45, 15-351 Bialystok, e-mail: m.jalbrzykowski@pb.edu.pl

RESEARCH ON INNOVATIVE FOILS  
FOR AGRICULTURAL APPLICATIONS

Marek Jałbrzykowski1, Sławomir Obidziński2, Wioletta Świder3, 
Magdalena Dołżyńska4

1ORCID: 0000-0002-4408-3173
Faculty of Mechanical Engineering
Białystok University of Technology 

2ORCID: 0000-0003-4678-996X
Faculty of Civil and Environmental Engineering

Białystok University of Technology 
3Ela Wyrób Folii i Opakowań Sp. z o. o., Ostrów

4ORCID: 0000-0002-4745-5972
Faculty of Civil and Environmental Engineering

Białystok University of Technology 

Received 30 September 2019, accepted 16 February 2020, available online 19 February 2020.

K e y  w o r d s: LDPE foil, reduced graphene oxide, antibacterial properties, mechanical properties.

A b s t r a c t

The paper presents the results of a study investigating the impact of reduced graphene oxide 
(RGO) on selected mechanical and functional properties of LDPE foils. The foils were made by blow 
extrusion, with different amounts of RGO added to the granules prior to the extrusion process. 
The mechanical properties of foil samples were assessed in a static tensile test, and their bacterial 
resistance was tested. The impact of RGO on antibacterial interactions and the desirable mechanical 
properties of the foils was analyzed. The results of this study supported the selection of the most 
advantageous solution for industrial applications.
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Introduction

Currently, due to EU requirements and the generally dynamic development 
of polymer processing, entrepreneurs producing plastic foils are looking for 
increasingly unusual and innovative solutions for these products (Siwek et al.  
2010, Duda 2003). As an example, can be given materials with the content  
of additives that change their mechanical, physicochemical, structural properties, 
various types of blends with the addition of compatibilizers, polymers enriched 
with antimicrobial additives, or affecting their easier and faster degradation, 
and many others (Wenda et al. 2016, Wolska et al. 2017, Jałbrzykowski et al.  
2018b, Liya et al. 2013, Łopacka 2013. Malinowska-Pańczyk et al. 2010).

One of the important activities in the field of packaging foils is the production 
of products with antimicrobial properties, while maintaining their maximally 
favorable mechanical characteristics (Falkiewicz-Dulik, Kowalczyk 2016, 
Juraszek, Grzesiak 2008, Zielecka et al. 2012, Gniazdowska et al. 2015). 
In order to obtain antimicrobial properties, the material is enriched with e.g. 
gold, silver or copper nanoparticles (Jałbrzykowski et al. 2018a, Liya et al. 
2013, Łopacka 2013, Malinowska-Pańczyk et al. 2010, Malinowski 2015, 
Jałbrzykowski et al. 2018b, Jałbrzykowski 2019).

Currently, in the context of antimicrobial interactions, is observed a large 
interest of researchers in graphene oxide (Hebda, Łopata 2012, Xu et al. 2014, 
Yu et al. 2014, Yang et al. 2012, Kim et al. 2010). As it is commonly known 
today, graphene oxide is characterized by, among others extremely favorable 
mechanical (high mechanical resistance, tensile strength, considerable flexibility), 
electrical, conductive and bactericidal properties, biocompatibility etc. It is worth 
noting that this is a compound that combines many beneficial features and 
useful properties not found in such a rich combination, for any other substance. 
Certainly, this fact has contributed to many scientific works and a number of 
research and application experiments involving this substance (Li, Kaner 2008, 
Stankovich et al. 2006, Bai et al. 2010, Blake et al. 2007, Schwierz 2010)

Taking the above mentioned into consideration, this paper describes selected 
studies of polyethylene foils enriched with reduced graphene oxide (RGO). RGO 
was added to the polymer to check its effect on antimicrobial interactions and 
change of the mechanical properties of the foil produced.

Materials and research methodology

LDPE granules and reduced RGO graphene oxide were used for the tests 
(commercially available). Three-layered foils were produced by blow extrusion 
before testing. Due to the fact that the main purpose of the research was to 
assess the impact of RGO concentration on the analyzed characteristics, plastic 
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foils were made with the same parameters of the extrusion process, treating 
the values of these parameters as a constant quantity, having no impact  
on interesting issues. The following materials were prepared for testing: clean 
LDPE foil (without the addition of graphene oxide – Fig. 1a), foil with the addition 
of 2 g/l (Fig. 1b) and 3 g/l (g of graphene oxide / liter of granulate) (Fig. 1c).  
All foils were 40 µm thick (5 µm skin layers, 30 µm core, each layer was built 
the same).

Fig. 1. View of prepared foils: a – without RGO, b – with 2 g/l of RGO, c – with 3 g/l of RGO

The main purpose of the study was to evaluate the foils in terms of selected 
mechanical and microbiological properties. The assessment of mechanical 
properties was carried out using a Zwick/Roell testing machine in accordance 
with the methodology for testing tensile properties of plastic foils (ASTM D882). 
Escherichia coli (E. coli) was used to assess bactericidal properties. Before testing, 
the foil samples were sterilized, weighed and then exposed to Escherichia coli 
culture. It consisted of immersing them in BHI broth (from Oxoid) in which  
the E. coli bacterial strain with 105 CFU/ml inoculum (CFU – bacterial colony 
forming unit) was suspended. Then they were placed in an incubator (temperature 
37°C) under aerobic conditions. The samples were exposed for 72 hours to the 
bacterial strain. Bacteria were identified and propagated in accordance with 
applicable standards in microbiological diagnostics (Cryobank Mast Diagnostica). 
During the process, the number of bacterial cells was measured after 24, 48 
and 72 hours. Tests were repeated three times.

Research results and discussion

Figure 2 presents selected results of studies on the impact of incubation time 
and RGO concentration on bacterial colony development. The obtained results 
indicate that irrespective of the RGO concentration, a longer incubation time 
of the bacterial colony means its larger growth (Fig. 2a). At the same time,  
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Fig. 2. The number of bacterial cells depending on: a – colony incubation time (general  
trends for all samples), b – type of foil tested (incubation time 72 hours)
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the higher the RGO concentration, the lower the bacterial colony growth for 
samples incubated for the same amount of time (Fig. 2b). Generally, the results 
obtained confirm the beneficial effect of graphene oxide on the antibacterial 
properties of LDPE. This is a very beneficial information, especially since 
this type of foil is a common material for packaging food products. It should 
also be remembered that despite the antimicrobial nature of such material, its 
beneficial effect is probably effective for a limited time. The point is that the 
longer the material is exposed to E. coli strains, the larger the clusters of these 
bacteria colonize on its surface. On the other hand, if E. coli settled on pure 
LDPE, the growth of bacterial colonies would be even greater. Generalizing this 
paragraph of the work, it can be stated that the addition of RGO to foil material 
certainly brings benefits in the form of increased resistance to bacterial effects,  
e.g. packaging for food products.

Fig. 3. Breaking force value depending on the type of foil tested:  
1 – LDPE, 2 – LDPE + 2 g/l, 3 – LDPE + 3 g/l

Figure 3 shows the impact of RGO on the mechanical characteristics  
of LDPE. The graph presented illustrates the overall positive effect of graphene 
oxide on foil behavior during stretching. However, in the case of foils with RGO 
content of 2 g/l, a significant increase in relative elongation was obtained, while 
in the case of 3 g/l contents, a slightly smaller increase in elongation, but an 
increase in the value of the force causing the foil to break. This means that 
RGO generally improves the mechanical properties of the foil. In addition, it is 
likely possible to manipulate the ranges of individual features. This aspect also 
has its significance, because in addition to the fact that while maintaining the 
current thickness of the foil it is possibile to get more durable packaging and 
also produce thinner foils basing on the fact that thanks to RGO it has better 
mechanical characteristics. This creates the possibility of more economical foil 
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production by producing thinner products. Economical production means higher 
sales profits. In addition, due to more economical use of the base material, we 
affect the environmental protection as a result of reduced exploitation of fossil 
sources being a raw material for production, among others technical plastics.

Conclusions

The paper presents selected results of testing the LDPE foils useful properties. 
The foils were enriched with reduced graphene oxide to improve its mechanical 
properties and assess the impact of RGO on the antibacterial properties of the 
foil. The research and analysis of the results obtained allowed to formulate the 
following general conclusions:

1.	A favorable effect of RGO content on the examined features of LDPE foil 
was found. In general, it can be seen that the higher the RGO concentration, 
the better the antibacterial resistance and better mechanical characteristics  
of the foil.

2.	In relation to studies on the impact of RGO on antibacterial interactions,  
it can be seen that the higher the RGO concentration, the smaller the bacterial 
(E. coli) colony growth, the longer the foil is exposed to bacterial interactions, 
the unfortunately the larger the bacterial colony growth. However, the presence 
of graphene in the film is no doubt a barrier for the bacteria.

3.	In relation to testing the mechanical properties of the RGO enriched foil,  
it can be stated that the prepared samples have revealed the situation when it is 
possible to achieve either greater material elongation with slightly lower tensile 
strength and breaking strength, or less elongation with general improvement  
of the material’s mechanical properties. This means that with a properly prepared 
polymer composition, it is possible to control the ranges of selected mechanical 
properties of the foil.

4.	By improving the mechanical properties of the foil, in this case, by enriching 
it with an RGO nanoadditive, the possibility of producing packaging materials 
with increased mechanical properties arises. At the same time, it is possible 
to produce foils with similar mechanical properties, but thinner (however, this 
has not been studied). The production of thinner films saves the polymer raw 
material, and thus the technology is more environmentally friendly, because  
it reduces the burden on natural deposits, which are the basis for the production of,  
among others technical polymers.



Technical Sciences	 22(4) 2019

	 Research on Innovative Foils for Agricultural Applications	 335

References

Bai J., Zhong X., Jiang S., Huang Y., Duan X. 2010. Graphene nanomesh. Nature Nanotechnology, 
5: 190–194.

Blake P., Hill E.W., Castro Neto A.H., Novoselov K.S., Jiang D., Yang R., Booth T.J.,  
Geim A.K. 2007. Making graphene visible. Appl. Phys. Lett., 91: 063124.

Duda A. 2003. Polilaktyd – tworzywo sztuczne XXI wieku? Przemysł Chemiczny, 82(8-9): 905-907.
Falkiewicz-Dulik M., Kowalczyk M. 2016. Substancje czynne używane do biostabilizacji polimerów 
i tworzyw. Technologia i Jakość Wyrobów, 61: 47-54.

Gniazdowska J., Kaczmarek H., Ściągalski F. 2015. Właściwości nanokompozytów poliakrylamidu 
z nanocząstkami srebra lub złota. Elastomery, 19(1): 15-22.

Hebda M., Łopata A. 2012. Grafen – materiał przyszłości. Mechanika, 22: 45-53.
Jałbrzykowski M. 2019. Wybrane zagadnienia procesu wtryskiwania biopolimerów do zastosowań 
technicznych na przykładzie polilaktydu (PLA). Polskie Towarzystwo Inżynierii Rolniczej, 
Kraków.

Jałbrzykowski M., Leszczyńska K., Obidziński S., Łukasik A. 2018a. Wpływ nanododatków do 
polimerów w aspekcie ich wykorzystania jako przemysłowych materiałów przeciwbakteryjnych. 
Przemysł Chemiczny, 5: 60-64.

Jałbrzykowski M., Leszczyńska K., Obidziński S., Minarowski Ł., Laabs M. 2018b. Impact  
of nanosilver and nanocopper on antifungal properties of plastic elements in the aspect of their 
use in agri-food processing. Agricultural Engineering, 22(1): 49-59.

Juraszek J., Grzesiak M. 2008. Wytrzymałość tworzywa polimerowo-akrylowego wzbogaconego 
nanosrebrem. Engineering of Biomaterials, 11(77-80): 72-73.

Kim H., Abdala A.A., Macosko Ch.W. 2010. Graphene/Polymer Nanocomposites. Macromolecules, 
43(16): 6515-6530.

Li D., Kaner B.R. 2008. Graphene-Based Materials. Science, 320(5880): 1170-1171.
Liya G., Weiyong Y., Zhisong L., Chang Ming L. 2013. Polymer/nanosilver composite coatings for 
antibacterial applications. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 
439(20): 69-83.

Łopacka J. 2013. Nanocząstki wykorzystywane w celu poprawy właściwości fizycznych kompozytów 
polimerowych stosowanych jako materiały opakowaniowe do żywności. Polimery, 58(11-12): 
864-868.

Malinowska-Pańczyk E., Sztuka K., Kołodziejska I. 2010. Substancje o działaniu 
przeciwdrobnoustrojowym jako składniki biodegradowalnych folii z polimerów naturalnych. 
Polimery, 55(9): 627-633.

Malinowski R. 2015. Biotworzywa jako nowe materiały przyjazne środowisku naturalnemu. 
Inżynieria i Ochrona Środowiska, 18(2): 215-231.

Schwierz F. 2010. Graphene transistors. Nature Nanotechnology, 5: 487–496.
Siwek P., Libik A., Twardowska-Shmidt K., Ciechańska D., Gryza I. 2010. Zastosowanie 
biopolimerów w rolnictwie. Polimery, 55: 806-811.

Stankovich S., Dikin D.A., Dommett G.H.B., Kohlhaas K.M., Zimney E.J., Stach E.A.,  
Piner R.D., Nguyen S.T., Ruoff R.S. 2006. Graphene-based composite materials. Nature,  
442: 282–286.

Wenda M., Jeziórska R., Zielecka M., Panasiuk M. 2016. Zastosowanie nanocząstek srebra do 
modyfikacji polimerów. Polimery, 61(3): 166-171.

Wolska K.I., Markowska K., Wypij M., Golińska P., Dahm H. 2017. Nanocząstki srebra, synteza 
i biologiczna aktywność. Problemy Nauk Biologicznych, 66(1): 125-138.

Xu Z., Zhang J., Shan M., Li Y., Li B., Niu J., Zhou B., Qian X. 2014. Organosilane-functionalized 
graphene oxide for enhanced antifouling and mechanical properties of polyvinylidene fluoride 
ultrafiltration membranes. Journal of Membrane Science, 458: 1-13.



Technical Sciences	 22(4) 2019

336	 Marek Jałbrzykowski et al.

Yang Y-H., Bolling L., Priolo M.A., Grunlan J.C. 2012. Super Gas Barrier and Selectivity  
of Graphene Oxide-Polymer Multilayer Thin Films. Advanced Materials, 25(4): 503-508.

Yu B., Wang X., Qian X., Xing W., Yang H., Ma L., Lin Y., Jiang S., Song L., Hu Y., Lo S. 2014. 
Functionalized graphene oxide/phosphoramide oligomer hybrids flame retardant prepared via in 
situ polymerization for improving the fire safety of polypropylene. RSC Advances, 60(4): 31782-31794.

Zielecka M., Jeziórska R., Bujnowska E., Kępska B., Wenda M. 2012. Nanonapełniacze 
krzemionkowe z trwale wbudowanym w strukturę nanosrebrem lub nanomiedzią, wytwarzane 
metodą zol-żel. Polimery, 57(3): 177-182.


