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Abstract: Contrary to the negative predictions, the graphic arts industry keeps continuing its growth. The
modern world is transferring information through digital platforms leading to decrease of the serial
publications on paper (newspaper, magazines etc). But on the other hand, packaging industry is increasing
its revenue by high numbers. In the same way as for the whole industry, many predicted that paper use
will also decrease, as for a long period of time (still partly present) paper was thought of as being killer of
trees. Today, along with new findings, paper is becoming more popular with EU Commission banning
single use plastics. Paper as a substrate is becoming popular in packaging industry, mainly due to being
suitable for both organic and material recycling.

However, due to lack of some functional properties, materials are often coated. Coating as a process
includes covering of a surface by another substance. The coatings processes are present in various
industries and are intended to enhance properties of the base materials. In the graphic industry the
coating process is often called varnishing, due to the resins used as a coating material. Varnishing is used
to improve rub resistance and provide varnished material with special effects (combination of gloss and
matte surfaces). Applicability and functionality of the coatings is achieved using various materials, among
which are nano-engineered materials. Results of various researchers show benefits of introducing
nanocomposites in the packaging industry by improving prints’ resistance to degradation by UV
irradiation, improving barrier to water vapour and enabling packaging surface to inhibit microbes’ growth.
To conclude, coatings development and application plays a significant role in the material development,
as it can provide common materials with improved properties, as well as enhanced aesthetics. At the
same time, application of coatings could present some obstacles in both materials and organic recycling,
and for that reason development of coatings should include evaluation of recyclability of the coated
product as well as the characterization of coating’s functionality.
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1. PACKAGING

The contemporary world is more focused on a quick and widespread information transfer by means of
digital media, which led to decrease in the graphic industry focused on the material information transfer
(newspaper, magazines etc.). Nevertheless, the printing industry has continuous growth of revenues
(LeBlanc, 2019). This growth is mainly related to the packaging sector. Packaging plays different roles,
from protecting the product to conveying information to users and facilitating the use of the basic
product (Kirwan, 2007). An increased awareness of human impact on the environment is pressuring the
use of environmentally friendly materials in terms of their biodegradability and recyclability. In addition to
user awareness, the European Union recognized the importance of transforming industries and has set
regulations and development guidelines (EU Commission, 2018; European Partnership under Horizon
Europe Processes4Planet, 2020). These regulations highlighted that although various materials are used
for packaging purposes, paper and paper-based materials are highly involved due to good printability,
possibility of biodegradation and recyclability (Rastogi & Samyn, 2015). The predictions for paper and
paperboard products were very optimistic (Global Paper and Paperboard Container and Packaging
Market to Grow by S 102.51 Billion During 2020-2024, n.d.), but due to the obstacles in the global
economy (COVID-19 pandemic, war in the Ukraine), these estimations lowered the numbers but are still
not in recession (Globenewswire, n.d.; MarketWatch, n.d.).

The packaging is often classified as primary, secondary and tertiary. The primary packaging is in direct
contact with the goods and can sometimes have printed outsides (e.g. various chocolates). Secondary
packaging in majority of the cases comes in contact with customer, while tertiary packaging is used for
storage and transport. Examples of packaging types in the pharmaceutical industry can be seen in
Figure 1.
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Figure 1: Example of packaging types according to its use (Types of Pharmaceutical Packaging — HVAX | The Pharma-
Engineering Blog, n.d.)

Roles and desired properties of the packaging vary depending on its type. Primary packaging is intended
to enable protection of the goods from mechanical and, more importantly, chemical threats. Secondary
packaging provides mechanical protection and more importantly communicates with the costumer
affecting it’s purchase desision (Hurley et al., 2013), which is also important for branding (Grundey, 2010).
Tertiary packaging is intended to provide a protection during transport and storage. In order to enhance
some properties of the packaging materials, the substrates are often coated with other substances.

2. COATINGS

Coating is a widely used term, described by Cambridge dictionary as “a layer of a particular substance
that covers a surface” (COATING | Meaning, Definition in Cambridge English Dictionary, n.d.). This can be
applied to vast variety of industrial applications. The coatings are almost always used to provide or
increase some kind of functionality of the basic material, for example; coating of the metal to enables
anticorrosive behaviour (Li et al., 2018; Wang et al., 2019; Zhang et al., 2019), applying coating onto wood
can increase its resistance to irradiation and humidity or as a flame retardant (Chen et al., 2022; Nair et
al., 2018; Teaca et al., 2019), etc., fabrics enhanced by its waterproofness (Bramhecha & Sheikh, 2021;
Luftinor et al., 2022; Pongsathit et al., 2019), etc.

In graphic industry coating process is usually related to application of the overprint coating or a primer to
the printing substrate. Printing on a paper substrate often presents a challenge due to paper’s porosity.
The porous surface enables absorption of the small particles into the paper and diminishes their
functionality, for example. conductive ink (Agianniotis, n.d.). Therefore, primers are applied to provide a
paper substrate surface properties with good printability, i.e. primer is a coating which is applied onto the
paper surface planned to be printed on (Havenko et al.,, 2020; Khadzhynova, 2020; Mendez-Rossal &
Wallner, 2019; Mori¢ et al., 2019).

On the other hand, basic roles of overprint coatings are to provide surfaces with some aesthetics due to
the high gloss or matte finish and enhanced rub resistance. Although there are many overprint
varnishes/coating present on the market, they are usually divided into three groups depending on the
composition and/or application method (Hook, 2018). In offset printing, varnish is applied the same way
as is the ink. In that case the applying is performed inline and can be spot printed or on the whole
surface. For the aqueous or water-based coating the presses often have a special printing unit which is
designed for coating. These are often used to cover the whole image. Both varnish and water-based
coatings are curing without additional drying equipment. On the other hand, UV coating is cured by UV
radiation. The UV coating is often being printed off-line, due to the fact that majority of the printing
presses are not equipped with UV drier. Additionally, there is a strong movement towards UV LED
technology due to the lower costs, environmental friendliness and shorter starting time (UV lamp need to
heat up before curing process can start) (Milmo, 2020). Nevertheless, UV coating technology can provide
higher gloss values and better rub resistance. On the other hand, although coating is intended to be
transparent and should not change colour of the prints, previous research have confirmed colour changes
(Hoffstadt, 2004; Simonot & Elias, 2004).

The research of MEGA research group also provided an insight into the colour change due to application
of the commercial coatings (Figure 2) (Cigula, Hudika, & Donevski, 2021).
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Figure 2: Tone value increase (TVI) of coated prints a) black, b) cyan, c) magenta, d) yellow

As it can be seen Figure 2, the water-based varnish has less influence on the tone values of all applied
coating (with the exception of influence on magenta). On the other hand, applying UV varnish will result
in significant change of the tone value and darker appearance of the print. Please note that in this
research, UV varnish was applied off-line with the screen printing unit, i.e. it had thicker layer than
the others.

Beside mentioned, development of nanotechnology have introduced nanomaterials to the coating
industry as well. The nanocomposites include some nanosized compound which is incorporated into the
polymer matrix and give added functionality to the basic coating. There are numerous papers related to
this thematic, for example corrosion protection (Deyab et al., 2021; Kasar et al., 2020; Peng et al., 2020),
UV protection (Nuraje et al., 2013; Zeljko et al., 2021), creating superhydrophobic surfaces (Ghashghaee
et al., 2019; Ibrahim & Sultan, 2019; Sutar et al., 2020), antimicrobial behaviour (Kumaravel et al., 2021;
Nakhaie et al., 2022).

For that reason, the results section will present research covering the topic of nanocomposite coatings in
the packaging industry.

3. RESULTS OF NANOCOMPOSITE AS OVERPRINT COATING

In the last few years, we have conducted research and development of new coatings, which would
provide some additional features to the packaging material (paperboard, cardboard, labels). The results
of those efforts are showed below, with references where the specific experimental details are shown
in full.

For these coatings research team included nanoparticles of ZnO, TiO; or SiO2 and mixed them into
polycaprolactone (PCL) and polylactic acid (PLA). This proved to be challenging, as both of the
biopolymers are soluble in organic solutions (ethyl-acetate and chloroform for PCL and PLA, respectively).
For that reason, PLA was excluded from further research as it did not provide better functionality than
PCL. All coatings were prepared by first dissolving biopolymer granules in a defined solvent (mixing in a
closed glass container using magnetic stirrer). In the second step, defined mass of the nanoparticles was
added and homogenized by ultrasonic homogenizer. Coatings were then applied with a laboratory coater
in a defined wet layer thickness. After drying, the prepared print samples were analysed to reveal how
the applied layer had influenced their properties.

This procedure enabled a satisfactory distribution of the nanoparticles within the nanocomposite, and
consequently, on the applied layer on the paperboard prints Figure 3.
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Figure 3: SEM images of coatings on printed coated paperboard: a) PCL-0, b) PCL + 0.5 % ZnO, c) PCL + 0.5 % TiO,

The visible particles on the surface of the samples originated from Ca (Figure 4), which is commonly used
as anti-set-off powder (preventing the prints to stick to each other during the printing process).
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Figure 4: EDS spectra of the PCL-0.5%TiO, nanocomposite on coated paperboard print

Nevertheless, coatings have provided basic prints with better lightfastness and also improved barrier to
water vapour, but had not influenced colour that well. Research have been undertaken on both coated
and uncoated paperboard.

In Table 1 and Table 2 one can see the colour difference AEoo of nanocomposites including SiO2, ZnO and
TiO2 (Cigula, Hudika, & Tomasegovic, 2021; Majeti¢, 2020). It can be noted that colour differences are
visually unnoticeable. The results were obtained during previous research (Cigula, Hudika, &
Tomasegovic, 2021; Majetic, 2020).

Black ink was influenced the most, which is expected as prints generally darken when coated, as
previously shown in Figure 2.

Table 1: AEq between uncoated print and samples with applied nanocomposite coating on a coated paperboard

Cyan Magenta Yellow Black
Si0; ‘ Zno | Tio, | Si0: | Zno ‘ Tio, | SiO: ‘ Zno | Tio, | Si0a | Zno ‘ Tio,
PCL 0.19 0.48 0.25 1.43

0.10% 035 | 063 | 095 | 118 | 112 | 054 | 038 | 108 | 040 | 234 | 110 | 1.39

0.25% 058 | 053 110 | 058 101 | 0.14 1.02 | 1.34

0.50% 085 | 063 | 038 | 126 | 140 | 050 | 057 | 1.04 | 063 | 268 | 048 | 258
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Table 2: AEgy between uncoated print and samples with applied nanocomposite coating on an uncoated paperboard

Cyan Magenta Yellow Black
$0: | zn0 | Tio, | SI02 [ zno | Tio, | S0 | zn0 | TiO, | S0 | z0 | TiO,
PCL 0.19 0.48 0.25 1.43
0.10% 033 | 109 | 043 | 026 | 064 | 1.02 | 021 | 088 | 0.24 | 161 | 086 | 1.87
0.25% 1.06 | 1.02 069 | 136 1.00 | 0.56 1.48 | 2.65
0.50% 016 | 094 | 060 | 050 | 062 | 158 | 033 | 096 | 050 | 152 | 092 | 1.99

An application of biocomposite coatings reduced water vapour transfer rate (initial paperboards without
coatings were 0.52 g/m?*day and 1.44 g/m?*day for coated and uncoated paperboard respectively),
although it was evident that addition of nanoparticles gave worse results that the neat PCL coating.
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Figure 5: Water vapour transfer rate of SiO,-PCL (right) and ZnO-PCL (left) nanocomposite

The second property investigated was the resilience of prints to the accelerated ageing by exposing the
samples to the UV light source under controlled conditions (Cofomegra Xenon chamber 1500e, using
indoor filter). The test was performed on coatings containing ZnO and TiO,, as they were known UV
absorbers (Ghamsari et al., 2016; Tsuzuki & Wang, 2010; Wang et al., 2009). Due to being most sensitive
to UV radiation, the results shown include observing the chromatic change of yellow ink only. Further
information is available in (Cigula, Hudika, & Tomasegovic, 2021).

o5

94

Chroma (1}
o ux} w
o nl

&

o
=

i)
]

-3

—— TiD. D
®— Ti0, 0.10

Ti0._0.25
—a— Ti0, 050

96

94

Chroma (1)
W W
o ™

Ju)
@

o
=]

a4

—h—

LI e e e
a =1 10 15 20 25 30 35
accelerated ageing duration (hours)

T
-3

L e e |
u] =1 1 15 20 23 30 35
accelerated ageing duration (hours)

Figure 6: Yellow colour chroma change of prints on coated substrate due to accelerated ageing.
Samples coated with PCL-TiO; (left) and PCL-ZnO (right)

It can be seen in Figure 4 that both nanoparticles had performed similar in the accelerated ageing tests
and diminished chroma change. Additionally, it is visible that in the first 15 hours of accelerated ageing
there is almost no change in chroma regardless to the nanocomposite composition i.e. weight ratio of the
incorporated nanoparticles in coating
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Figure 7: Yellow colour chroma change of prints on uncoated substrate due to accelerated ageing.
Samples coated with PCL-TiO; (left) and PCL-ZnO (right)

Opposite to the prints on coated substrate, chroma of the samples on uncoated paperboard is
significantly lower and the accelerated ageing has lower influence in general (probably due to the partial
protection of printing ink by paper fibres). Influence of the nanoparticle’s concentration is more visible on
these samples. At the beginning of the accelerated ageing process, it is increase of the yellow chroma,
most probably due to the yellowing of the paperboard and higher amount of the optical brighteners in
the sample paperboard.

4. CONCLUSION

This paper was prepared to give some insight in the coatings in the graphic industry. Furthermore, some
results of the research including biopolymer based nanocomposites and their influence on some aspects
of the packaging material improvement. These results have proved that procedure for coatings’ mixing
and homogenization results with satisfactory distribution of nanoparticles. Application of biopolymer
based nanocomposites had provided some improvements in the lightfastness of the samples without
causing significant colour change.

To conclude, development of coatings and their application is widespread activity over numerous
industries. It plays a significant role in the material development as it can provide basic material with
enhances properties, but enhanced aesthetics as well. But with all benefits, application of coatings could
provide some obstacles in materials and organic recycling due to the antimicrobial potential of some
added particles and possibly, their retention in wastewater. For that reason, development of coatings
should include determination of recyclability of the coated product as well as the characterization of
coating’s functionality.

6. ACKNOWLEDGMENTS

| thank to the MEGA team members (Tomislav Hudika, Tamara Tomasegovic. Davor Donevski) for
participating in coatings development and characterization, student Lucija Majeti¢ (part of measurement)
and Mr. Milos Bokorov for his part in the research (SEM images).

7. REFERENCES

Agianniotis, N. (2020) Printed electronics and their applications. Brgndby, Denmark, Force technology and
the Danish Technological Institute.

Bramhecha, I., & Sheikh, J. (2021) Antibacterial and waterproof breathable waterborne polyurethane
functionalised by graphene to develop UV and NIR-protective cotton fabric. Carbon Trends. 4, 100067.
Available from: doi: https://doi.org/10.1016/J.CARTRE.2021.100067

Business Wire. (2020) Global Paper and Paperboard Container and Packaging Market to Grow by S 102.51
Billion During 2020-2024. Available from:
https://www.businesswire.com/news/home/20201214005762/en/Global-Paper-and-Paperboard-

46


https://doi.org/10.1016/J.CARTRE.2021.100067
https://www.businesswire.com/news/home/20201214005762/en/Global-Paper-and-Paperboard-Container-and-Packaging-Market-to-Grow-by-102.51-Billion-During-2020-2024-Featuring-Amcor-Plc-DS-Smith-Plc-and-Georgia-Pacific-LLC-Among-Others-Technavio

Container-and-Packaging-Market-to-Grow-by-102.51-Billion-During-2020-2024-Featuring-Amcor-Plc-DS-
Smith-Plc-and-Georgia-Pacific-LLC-Among-Others-Technavio [Accessed 4th August 2022]

Cambridge University Press. (2022) COATING | meaning, definition in Cambridge English Dictionary.
Available from: https://dictionary.cambridge.org/dictionary/english/coating [Accessed 4th September
2022]

Chen, L., Zeng, S., Xu, Y., Nie, W., Zhou, Y., & Chen, P. (2022) Epoxy-modified silicone resin based N/P/Si
synergistic flame-retardant coating for wood surface. Progress in Organic Coatings. 170, 106953.
Available from: doi: https://doi.org/10.1016/J.PORGCOAT.2022.106953

Cigula, T., Hudika, T., & Donevski, D. (2022) Color reproduction on varnished cardboard packaging by
using lower ink coverages due to the gray component replacement image processing. Color Research and
Application. 47, 172-181. Available from: doi: https://doi.org/10.1002/col.22704

Cigula, T., Hudika, T., & Tomasegovic, T. (2021) Lightfastness, surface and interfacial properties of colour-
printed paper substrates coated with PCL/ZnO and PCL/TiO2 nanocomposites. Surfaces and Interfaces.
27,101522. Available from: doi: https://doi.org/10.1016/j.surfin.2021.101522

Deyab, M. A,, el Bali, B., Mohsen, Q., & Essehli, R. (2021). Design new epoxy nanocomposite coatings
based on metal vanadium oxy-phosphate M0.5VOPO4 for anti-corrosion applications. Scientific Reports.
11 (1), 1-8. Available from: doi: https://doi.org/10.1038/s41598-021-87567-3

EU Commission. (2018) Strategy for Plastics in a Circular Economy. Available from:
https://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy.pdf [Accessed 4th September
2022]

Ghamesari, M. S., Alamdari, S., Han, W. & Park, H. H. (2016) Impact of nanostructured thin ZnO film in
ultraviolet protection. International Journal of Nanomedicine. 12, 207-216. Available from: doi:
https://doi.org/10.2147/1JN.S118637

Ghashghaee, M., Fallah, M. & Rabiee, A. (2019) Superhydrophobic nanocomposite coatings of
poly(methyl methacrylate) and stearic acid grafted CuO nanoparticles with photocatalytic activity.
Progress in Organic Coatings. 136, 105270. Available from: doi:
https://doi.org/10.1016/J.PORGCOAT.2019.105270

Globenewswire. (n.d.) Global Paper and Paperboard Packaging Market is estimated. Available from:
https://www.globenewswire.com/news-release/2022/03/30/2412992/0/en/Global-Paper-and-
Paperboard-Packaging-Market-is-estimated-to-be-US-298-3-billion-by-2030-with-a-CAGR-of-3-3-during-
the-forecast-period-By-PMI.html [Accessed 24th September 2022]

Grundey, D. (2010) Functionality of Product Packaging: Surveying Consumers’ Attitude Towards Cosmetic
Brands. Economics & Sociology. 3 (1), 87—-103. Available from: doi: 10.14254/2071-789X.2010/3-1/9

Havenko, S., Khadzhynova, S., Olejnik, K., Kibirkstis, E. & Vaitasius, K. (2020) Influence of Primers on the
Optical Characteristics of Ink-Jet Imprints. Mechanika, 26(4), 360-364. Available from: doi:
https://doi.org/10.5755/j01.mech.26.4.24434

Hoffstadt, H. (2004) Simulating color changes due to coating of offset prints. Conference on Colour in
Graphics, Imaging, and Vision. 2004, 489-493

Hook, W. (2018) Varnish, Aqueous Coating and UV Coating, What’s the Difference? Available from:
https://www.myprintsouth.com/resources/blog_articles.html/article/2018/06/14/varnish-aqueous-
coating-and-uv-coating-what-s-the-difference- [Accessed 5th August 2022]

Hurley, B. R. A., Ouzts, A., Fischer, J. & Gomes, T. (2013) Effects of Private and Public Label Packaging on
Consumer Purchase Patterns. Packaging and Technology and Science. 29 (1), 399-412. Available from:
doi: https://doi.org/10.1002/pts

HVAX. (2021) Types of Pharmaceutical Packaging. Available from: http://hvax.in/blog/types-of-
pharmaceutical-packaging/ [Accessed 8th September 2022]

Ibrahim, S. & Sultan, M. (2019) Superhydrophobic Coating Polymer/Silica Nanocomposites: Part |
Synthesis and Characterization as Eco-Friendly Coating. Silicon. 12 (4), 805—-811. Available from: doi:
https://doi.org/10.1007/512633-019-00172-Y

47


https://www.businesswire.com/news/home/20201214005762/en/Global-Paper-and-Paperboard-Container-and-Packaging-Market-to-Grow-by-102.51-Billion-During-2020-2024-Featuring-Amcor-Plc-DS-Smith-Plc-and-Georgia-Pacific-LLC-Among-Others-Technavio
https://www.businesswire.com/news/home/20201214005762/en/Global-Paper-and-Paperboard-Container-and-Packaging-Market-to-Grow-by-102.51-Billion-During-2020-2024-Featuring-Amcor-Plc-DS-Smith-Plc-and-Georgia-Pacific-LLC-Among-Others-Technavio
https://dictionary.cambridge.org/dictionary/english/coating
https://doi.org/10.1016/J.PORGCOAT.2022.106953
https://doi.org/10.1002/col.22704
https://doi.org/10.1016/j.surfin.2021.101522
https://doi.org/10.1038/s41598-021-87567-3
https://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy.pdf
https://doi.org/10.2147/IJN.S118637
https://doi.org/10.1016/J.PORGCOAT.2019.105270
https://www.globenewswire.com/news-release/2022/03/30/2412992/0/en/Global-Paper-and-Paperboard-Packaging-Market-is-estimated-to-be-US-298-3-billion-by-2030-with-a-CAGR-of-3-3-during-the-forecast-period-By-PMI.html
https://www.globenewswire.com/news-release/2022/03/30/2412992/0/en/Global-Paper-and-Paperboard-Packaging-Market-is-estimated-to-be-US-298-3-billion-by-2030-with-a-CAGR-of-3-3-during-the-forecast-period-By-PMI.html
https://www.globenewswire.com/news-release/2022/03/30/2412992/0/en/Global-Paper-and-Paperboard-Packaging-Market-is-estimated-to-be-US-298-3-billion-by-2030-with-a-CAGR-of-3-3-during-the-forecast-period-By-PMI.html
http://dx.doi.org/10.14254/2071-789X.2010/3-1/9
https://doi.org/10.5755/j01.mech.26.4.24434
https://www.myprintsouth.com/resources/blog_articles.html/article/2018/06/14/varnish-aqueous-coating-and-uv-coating-what-s-the-difference-
https://www.myprintsouth.com/resources/blog_articles.html/article/2018/06/14/varnish-aqueous-coating-and-uv-coating-what-s-the-difference-
https://doi.org/10.1002/pts
http://hvax.in/blog/types-of-pharmaceutical-packaging/
http://hvax.in/blog/types-of-pharmaceutical-packaging/
https://doi.org/10.1007/S12633-019-00172-Y

Kasar, A. K., Bhutta, M. U., Khan, Z. A. & Menezes, P. L. (2020) Corrosion performance of nanocomposite
coatings in moist SO2 environment. International Journal of Advanced Manufacturing Technology. 106
(11-12), 4769-4776. Available from: doi: https://doi.org/10.1007/S00170-020-04949-2

Khadzhynova, S. (2020) Effect of the Primer on Barcode Quality in Ink-Jet Printing. Eastern-European
Journal of Enterprise Technologies. 1 (5—103), 47-54. Available from: doi: https://doi.org/10.15587/1729-
4061.2020.194269

Kirwan, M. J. (2007) Paper and Paperboard Packaging Technology. Hoboken, New Jersey, Blackwell
Publishing Ltd.

Kumaravel, V., Nair, K. M., Mathew, S., Bartlett, J., Kennedy, J. E., Manning, H. G., Whelan, B. J., Leyland,
N. S. & Pillai, S. C. (2021) Antimicrobial TiO2 nanocomposite coatings for surfaces, dental and orthopaedic
implants. Chemical Engineering Journal. 416, 129071. Available from: doi:
https://doi.org/10.1016/J.CEJ.2021.129071

LeBlanc, R. (2019) Smithers Pira Forecasts Global Packaging Market To 5269 Billion By 2024, Identifies 7
Key Drivers And Trends For Flexible Packaging - Reusable Packaging News. Available from:
https://packagingrevolution.net/smithers-pira-forecasts-global-packaging-market-to-269-billion-by-2024-
identifies-7-key-drivers-and-trends-for-flexible-packaging/ [Accessed 13th August 2022]

Li, J., Gan, L., Liu, Y., Mateti, S., Lei, W., Chen, Y. & Yang, J. (2018) Boron nitride nanosheets reinforced
waterborne polyurethane coatings for improving corrosion resistance and antifriction properties.
European Polymer Journal. 104, 57—-63. Available from: doi:
https://doi.org/10.1016/J.EURPOLYMJ.2018.04.042

Luftinor, Nasruddin, Agustini, S. & Bondan, A. T. (2022) Use of liquid natural latex for the manufacture of
waterproof canvas fabric. IOP Conference Series: Earth and Environmental Science. 974 (1), 012126.
Available from: doi: https://doi.org/10.1088/1755-1315/974/1/012126

Majeti¢, L. (2020) Svojstva otisaka oslojenih premazom polikaprolaktona s dodatkom silicijevog dioksida.
Bachelor thesis. Sveuciliste u Zagrebu, Graficki fakultet.

MarketWatch. (2022) Paper and Paperboard Packaging Market Recent Study Including Business Growth
Factors and Major Applications Industry Trends and Forecast to 2029 - MarketWatch. Available from:
https://www.marketwatch.com/press-release/paper-and-paperboard-packaging-market-recent-study-
including-business-growth-factors-and-major-applications-industry-trends-and-forecast-to-2029-2022-
09-08 [Accessed 25th September 2022]

Mendez-Rossal, H. R. & Wallner, G. M. (2019) Printability and properties of conductive inks on primer-
coated surfaces. International Journal of Polymer Science. 2019, 1-9. Available from: doi:
https://doi.org/10.1155/2019/3874181

Milmo, S. (2020) The UV LED Market In Europe | Ink World. Available from:
https://www.inkworldmagazine.com/contents/view_live-from-shows/2020-03-05/the-uv-led-market-in-
euroope/ [Accessed 25th September 2022]

Mori¢, M., Majnari¢, 1., Pap, K. & Milos, S. (2019) The influence of pre-treatment by priming on the CMY
reproduction quality printed with Electrolnk. Tehnicki Glasnik. 13 (4), 305-310. Available from: doi:
https://doi.org/10.31803/TG-20191029125530

Nair, S., Nagarajappa, G. B. & Pandey, K. K. (2018) UV stabilization of wood by nano metal oxides
dispersed in propylene glycol. Journal of Photochemistry and Photobiology B: Biology. 183, 1-10. Available
from: doi: https://doi.org/10.1016/J.JPHOTOBIOL.2018.04.007

Nakhaie, D., Williams, T. C., Velapatino, B., Bryce, E. A., Charles, M. K., Asselin, E. & Clifford, A. M. (2022)
An Engineered Nanocomposite Copper Coating with Enhanced Antibacterial Efficacy. Advanced Materials
Interfaces. 9 (24), 2201009. Available from: doi: https://doi.org/10.1002/ADMI.202201009

Nuraje, N., Khan, S. I., Misak, H. & Asmatulu, R. (2013) The Addition of Graphene to Polymer Coatings for
Improved Weathering. ISRN Polymer Science. 2013, 1-8. Available from: doi:
https://doi.org/10.1155/2013/514617

48


https://doi.org/10.1007/S00170-020-04949-Z
https://doi.org/10.1016/J.CEJ.2021.129071
https://packagingrevolution.net/smithers-pira-forecasts-global-packaging-market-to-269-billion-by-2024-identifies-7-key-drivers-and-trends-for-flexible-packaging/
https://packagingrevolution.net/smithers-pira-forecasts-global-packaging-market-to-269-billion-by-2024-identifies-7-key-drivers-and-trends-for-flexible-packaging/
https://doi.org/10.1016/J.EURPOLYMJ.2018.04.042
https://doi.org/10.1088/1755-1315/974/1/012126
https://www.marketwatch.com/press-release/paper-and-paperboard-packaging-market-recent-study-including-business-growth-factors-and-major-applications-industry-trends-and-forecast-to-2029-2022-09-08
https://www.marketwatch.com/press-release/paper-and-paperboard-packaging-market-recent-study-including-business-growth-factors-and-major-applications-industry-trends-and-forecast-to-2029-2022-09-08
https://www.marketwatch.com/press-release/paper-and-paperboard-packaging-market-recent-study-including-business-growth-factors-and-major-applications-industry-trends-and-forecast-to-2029-2022-09-08
https://doi.org/10.1155/2019/3874181
https://www.inkworldmagazine.com/contents/view_live-from-shows/2020-03-05/the-uv-led-market-in-euroope/
https://www.inkworldmagazine.com/contents/view_live-from-shows/2020-03-05/the-uv-led-market-in-euroope/
https://doi.org/10.31803/TG-20191029125530
https://doi.org/10.1016/J.JPHOTOBIOL.2018.04.007
https://doi.org/10.1002/ADMI.202201009
https://doi.org/10.1155/2013/514617

Peng, T., Xiao, R., Rong, Z,, Liu, H., Hu, Q., Wang, S., Li, X. & Zhang, J. (2020) Polymer Nanocomposite-
based Coatings for Corrosion Protection. Chemistry — An Asian Journal. 15 (23), 3915-3941. Available
from: doi: https://doi.org/10.1002/ASIA.202000943

Pongsathit, S., Chen, S. Y., Rwei, S. P. & Pattamaprom, C. (2019) Eco-friendly high-performance coating for
polyester fabric. Journal of Applied Polymer Science. 136 (39), 48002. Available from: doi:
https://doi.org/10.1002/APP.48002

Rastogi, V. K. & Samyn, P. (2015). Bio-based coatings for paper applications. Coatings. 5 (4), 887—-930.
https://doi.org/10.3390/coatings5040887

Simonot, L. & Elias, M. (2004) Color change due to a varnish layer. Color Research and Application. 29 (3),
196-204. Available from: doi: https://doi.org/10.1002/col.20008

Sutar, R. S., Gaikwad, S. S, Latthe, S. S., Kodag, V. S., Deshmukh, S. B., Saptal, L. P., Kulal, S. R. & Bhosale,
A. K. (2020) Superhydrophobic Nanocomposite Coatings of Hydrophobic Silica NPs and Poly(methyl
methacrylate) with Notable Self-Cleaning Ability. Macromolecular Symposia. 393 (1), 2000116. Available
from: doi: https://doi.org/10.1002/MASY.202000116

Teaca, C. A, Rosu, D., Mustata, F., Rusu, T., Rosu, L., Rosca, |. & Varganici, C. D. (2019) Natural Bio-Based
Products for Wood Coating and Protection against Degradation: A Review. BioResources. 14 (2), 4873—
4901.

Tsuzuki, T. & Wang, X. (2010) Nanoparticle Coatings for UV Protective Textiles. Research Journal of Textile
and Apparel. 14 (2), 9-20. Available from: doi: https://doi.org/10.1108/RJTA-14-02-2010-B002/FULL/PDF

Wang, Y., Gu, Z., Liu, J., Jiang, J., Yuan, N., Pu, J., & Ding, J. (2019) An organic/inorganic composite multi-
layer coating to improve the corrosion resistance of AZ31B Mg alloy. Surface and Coatings Technology.
360, 276-284. Available from: doi: https://doi.org/10.1016/J.SURFCOAT.2018.12.125

Wang, Z. Y., Liu, F. C,, Han, E. H., Ke, W. & Luo, S. Z. (2009) Effect of ZnO nanoparticles on anti-aging
properties of polyurethane coating. Chinese Science Bulletin. 54 (19), 3464—3472. Available from: doi:
https://doi.org/10.1007/s11434-009-0024-7

Zeljko, M., Bulatovi¢, V. 0., Spada, V. & Blagojevi¢, S. L. (2021) Environmentally Friendly UV-Protective
Polyacrylate/TiO2 Nanocoatings. Polymers. 13 (16), 2609. Available from: doi:
https://doi.org/10.3390/POLYM 13162609

Zhang, J., Zhang, W., Wei, L., Pu, L., Liu, J., Liu, H., Li, Y., Fan, J., Ding, T. & Guo, Z. (2019) Alternating
Multilayer Structural Epoxy Composite Coating for Corrosion Protection of Steel. Macromolecular
Materials and Engineering. 304 (12), 1900374. Available from: doi:
https://doi.org/10.1002/MAME.201900374

[cMon

© 2022 Authors. Published by the University of Novi Sad, Faculty of Technical Sciences, Department of
Graphic Engineering and Design. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution license 3.0 Serbia
(http://creativecommons.org/licenses/by/3.0/rs/).

49


https://doi.org/10.1002/ASIA.202000943
https://doi.org/10.1002/APP.48002
https://doi.org/10.3390/coatings5040887
https://doi.org/10.1002/col.20008
https://doi.org/10.1002/MASY.202000116
https://doi.org/10.1108/RJTA-14-02-2010-B002/FULL/PDF
https://doi.org/10.1016/J.SURFCOAT.2018.12.125
https://doi.org/10.1007/s11434-009-0024-7
https://doi.org/10.3390/POLYM13162609

	1. PACKAGING
	2. COATINGS
	3. RESULTS OF NANOCOMPOSITE AS OVERPRINT COATING
	4. CONCLUSION
	6. ACKNOWLEDGMENTS
	7. REFERENCES

