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Abstract: The most significant printing branch in these days is packaging printing. Packaging must
primarily preserve the product from damaging, but at the same time must attract the consumers to be
picked up from the shelf in the store. To ensure protective and aesthetic role of the packaging the prints
are commonly coated with varnishes which will improve visual, mechanical, surface, and optical
properties. In this paper a coating composed of polycaprolactone (PCL) and nanoscale ZnO was used to
coat the offset prints on the cardboard.
The coatings were prepared by adding various weight amounts of the ZnO nanoparticles (weight ratios of
0.1, 0.5 and 1%) into the mixture of PCL and ethyl-acetate. The coatings were applied onto prepared offset
prints. The prints were evaluated before and after coating process by determining colour coordinates,
print gloss, water vapour permeability and by calculating colour difference.
The results showed that on the uncoated paper coating with prepared OVPs did not affect the colour
reproduction outside acceptable tolerance levels, except for magenta coated with w(ZnO) = 0.5 and 1%.
The coating with prepared coatings caused almost none change of print gloss on uncoated paper, but
increased the print gloss on coated paper. The water-vapor permeability was lowered on both investigated
paper types but on the uncoated paper the addition of ZnO nanoparticles decreased barrier properties in
comparison to the coating composed of only PCL. Increasing the mass of added ZnO increases barrier
properties of the print on both investigated cardboards.
To conclude, this research has proved applicability of the PCL-ZnO coatings as a OVP on cardboard offset
prints as it did not highly influenced colour reproduction but had decreased water vapour transmission
rate. On the coated paper/cardboard one must take into account the increased colour difference of
magenta and chose the ink to be closer to the target values at the beginning. In addition, to further
investigate applicability in the packaging printing, further research should include investigation of
resistance to ink fading in the ageing process, bending tests, adhesion etc.
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1. INTRODUCTION
Despite the negative forecasts that entire printing industry will be declining in growth or even reduce its
turnover on annual level, packaging is one of many printing branches that are growing continuously
(Smithers, 2017). The main idea of packing is to preserve the product from any form of damage while
maintaining the aesthetics as well to be as user friendly as possible (Kipphan, 2001). To ensure that, it is
common that printed packaging is varnished with some sort of overprint varnish (OVP). Those varnishes
ensure that packaging will have better mechanical, surface, optical properties and to improve the visual
component like glossy effect. On the other hand, the OVP could influence the colour of the print. Another
downside with existing OVPs is the lack of eco-friendly properties (Van Der Walle et al, 1999). In order to
improve the “green” component of the packaging, OVPs have to be replaced (Kovačević et al, 2019;
Makower, 2015; Kiphan, 2001). Biodegradable materials such as biopolymers could be used as the base
for coating materials (Lavoine et al, 2016). In order to further improve functionality of the biopolymer
coating, nanoparticles in designated weight ratios could be added to form a nanocomposite overprint
varnish (Rastogi and Samyn, 2015). Nanoparticles have the possibility to improve wettability, strength,
print gloss or resistance to UVA/UVB radiation - colour fading (Bota, 2017). Problem with commonly used
OVPs is their lack of antibacterial properties specially when dealing with food items (Lavoine et al, 2016).
For this paper, PCL will be used as OVP’s base while nanoparticle ZnO will be used to improve its
properties. ZnO was chosen because it is known for its antibacterial properties when dealing with human
skin or in contact with food (Rastogi and Samyn, 2015). In addition, research of ZnO in nanoscale was
conducted to determine its hydrophobics and resistance to UV (Ghule et al, 2006; Bota et al, 2018). In
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this paper, investigation of the optical and physical properties was conducted to evaluate applicability of
the proposed coatings as an OVP.

2. MATERIALS AND METHODS
To investigate the influence of the ZnO weight ratio in the nanocomposite on the printed samples,
uncoated Tauro offset paper 300 g/m2 (further denominated as uncoated paper) and UMP Finesse Gloss
paper (further denominated as coated paper) were chosen as the common packing substrates. The CMYK
printing was conducted on sheetfed printing press KBA Rapida 105 PRO. The ink used to print the samples
were quickset process commercial inks (Novavit Supreme Bio, Flintgroup) The printing process was
conducted in compliance with the ISO 12647-2:2013, i.e. Fogra PSO (Sharma et al, 2005). This was done
in order to ensure the ink’s colorimetrical accuracy and possibility to compared measured results prior
and after coating with the actual standard. The printed sample’s colour properties were determined by
Techkon SpectroDens spectrophotometer (Techkon, 2020).
Print gloss was determined before and after coating by means of Elcometer 407, a statistical gloss meter
according to TAPPI/ANSI T 480 om-15 at 60° (Elcometer, 2010). The intensity of light depends on the
measured sample and the angle of illumination. Measured angle mimics the angle of human eye and the
viewed sample. The remaining part of the light penetrates into sample and is absorbed or diffused (Van
Der Walle et al, 1999). At the angle of 60° the surface gloss can be separated into low (<10 GU), middle
(10-70 GU) and high (>70 GU) (Hunter, 2008).
The biopolymer used was the PCL (polycaprolactone) as the base of the proposed OVP. The PCL is a
biodegradable polymer with a low melting point of 60 ° Celsius. It has high level of applications and
compatibility with other materials such as nanoparticles (Uglešić, 2015). The PCL (6800 Capa) was
dissolved in ethyl acetate on heated magnetic stirrer in an air-tight container for approx. 120 minutes.
ZnO (Alfa Aesar) in the form of nanoparticle was added and homogenized into mixture with ultrasound
dispenser Hirrlscher UP100H for 10 minutes at 100 amplitude and 100% power. The weight ratios of the
ZnO nanoparticles were 0.1%, 0.5% and 1%. Nanocomposite OVPs were applied to printed samples using
K202 Control Coater in controlled conditions defined by the ISO 187:1990 while the wet OVP’s thickness
was around 24 μm, as defined by the coating bar standard for the bar 3 (Wu and Baghdachi, 2015).
After coating, the prints were characterized as before coating process. From the acquired L*a*b*
coordinates colour difference was calculated for ΔE00 and ΔEab (Sharma et al, 2015). Print gloss was also
measured and compared as well.
Water-vapor permeability was determined using gravimetric cup method (water method). In this type of
test the samples act as a water-vapor barrier where water is inside of the glass and this represents 100%
humidity on the test start (American Society for Testing and Materials, 2016). In this research, amount of
the water was 100ml while samples are at the distance of approx. 10mm from the water surface. Samples
were weighted at 0h, 24h and 48h. This way, the given results represents the weight change of the lost
water in a given time interval. The water vapor transmission rate (WVTR) was calculated using equation
(1). The results are presented in g/day*m2:
(1)
where m0 represents the sample mass at the beginning, m 2 and m3 are sample mass after 24 and 48h,
respectively. Only one ink was measured due to the fact that all OVPs should act as an impregnation
overtop layer regardless of the ink bellow (Bota et al, 2018).

3. RESULTS
With measured L*a*b* values it was possible to detect the colour change and dependence of the colour
to the increasement of the nanoparticle weight ration. Furthermore, by calculating colour difference ΔE00
and ΔEab (Mokrzycki and Tatol, 2011) which were used to determine colour difference between samples
and compliance of the coated prints to the Fogra PSO (ΔEab < 5) (Sharma et al, 2005) .
In Figure 1. one can see ΔEab diagram for prints on the uncoated paper. The colour difference was
calculated between predefined colour coordinates (Fogra PSO) and average colour coordinates measured
on samples. On the x axe samples are denominated to the weight ratio of the ZnO in a coating, while
Printed sample means print without the OVP.
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It can be noticed that ΔEab on uncoated paper type remained under 5 for all samples after varnishing. The
values of ΔEab on printed samples after initial varnishing (PCL 0%) for cyan, yellow and black decreased
while magenta experienced increase, with the exception of the sample coated with PCL-1% ZnO.
Generally, colour coordinates of magenta experiences smallest change while black experiences largest. It
can be also noted that the increase of nanoparticles concentration did not influenced the colour
significantly. As the uncoated paper is rough and absorptive it absorbs prepared coating reducing its
influence on the optical properties of the print.

Figure 1: Colour difference ΔEab to the Fogra PSO predefined values on the uncoated paper

The difference between samples was determined by calculating ΔE00 , a formula developed to be more in
compliance to human visual experience of colour difference. The calculations are made between printed
sample (without OVP) and coated samples. As it can be seen in Figure 2, the added nanoparticles do
affect the colour reproduction but in very small scale. The results of the difference ΔE 00 show that adding
ZnO nanoparticles decrease the colour difference in comparison to the printed sample coated only by PCL
coating. The only colour which is highly influenced by coating process is black with differences over 2,
while differences by all other colours are under 1. Previous research (Golik Krizmanić, 2020) showed that
PCL itself causes darkening of the print and therefore achromatic, black, colour is more influenced by this
fact. Furthermore, as previously mentioned, uncoated paper is absorptive and less coating stays on the
top of the printed sample.

Figure 2: Colour difference ΔE00 to the print without coating on the uncoated paper
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Figure 3: Colour difference ΔEab to the Fogra PSO predefined values on the coated paper

In Figure 3 diagram for ΔEab on coated paper can be observed. The initial printed samples have all ΔEab
under 5 (in compliance to the Fogra PSO) while it can be seen that magenta coated with composite where
nanoparticle weight ratio is < 0.5% experiences ΔE ab over 5 which leaves it outside the defined tolerance.
While observing the measured L*a*b* after varnishing one can see that magenta had primarily changed
in the b* coordinate (target values L*a*b* = 47, 74, -5; printed sample L*a*b* = 46.87, 74.01, -1.82;
sample coated with w(ZnO) = 1 L*a*b* = 47.25, 73.98, 0.28). This means that original ink is moving
magenta colour in b* coordinate which is only “improved” by the increasing ZnO weight ratio.
Although the differences to the standard are larger than the ones on the uncoated paper, observing
Figure 4 one could see that colour difference between uncoated sample and the ones coated with
prepared composites are smaller. The largest difference is by black while cyan and yellow are under 0.5. It
could also be noticed that increasing ZnO weight ratio is decreasing colour difference ΔE00 of black, but
increasing the difference of magenta. The ZnO influences the L* coordinate of the black ink the most
therefore increasing the lightness, i.e. compensates darkening of the image by the PCL coating. On the
other side, coatings with the increase of the ZnO weight increase b* coordinate of the magenta,
increasing the colour difference.

Figure 4: Colour difference ΔE00 to the print without coating on the coated paper

Figures 5 and 6 show difference of print gloss (ΔG, equation 2) on investigated samples. The initial value
of gloss on uncoated paper is very low (≈ 5 GU) while on the coated paper is cca. 60 GU.
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(2)
where GPS is gloss of the printed sample and GOVP is gloss of the coated samples.
On diagram presented in Figure 5 it can be seen that print gloss on the uncoated paper is unchanged
regardless of the composition of the coating. As seen on the colour change, the uncoated paper’s
absorption means less coating stays on the surface of the print and therefore has lower influence on the
surface properties. On the other hand, on the coated paper the increased concentration of the added
ZnO particles leads to the increase of the print gloss on samples (Figure 6). The increase is highest on the
magenta while on the cyan it is the same or slightly increased with the coating in which w (ZnO) = 1%.
This can be attributed to the already glossy surface and saturation of polymer matrix with increase of the
nanoparticle weight ratio (Bota, 2017).

Figure 5: Difference of print gloss between print with and without coating on the uncoated paper

Figure 6: Difference of print gloss between print with and without coating on the coated paper

Water-vapor permeability is one of the ways to measure the quality and efficiency of the packaging
material. The samples were weighed at the beginning of the test, and then after 24h and 48h. Diagrams
in Figures 7 and 8 show water vapour permeability of prepared sample, where on the x-axe are samples
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denominated as printed sample means uncoated print, while 0 means print coated with PCL, 0.1, 0.5 and
1 mean prints coated with composites of PCL with various weight ratio of ZnO (0.1, 0.5 and 1%).
In Figure 7 one can see that the permeability decreases with the nanocomposite application on uncoated
paper. The printed uncoated sample has very high wettability level as well as very high permeability to
water-vapor due to its surface properties. The nanocomposite impregnates the surface in some amount
and the best result, i.e. the lowest water vapour permeability is achieved by PCL coating. Addition of the
ZnO at the lowest weight ratio decreased barrier property of the print, but it could be seen that
increasing the weight ratio increases the barrier properties. This is probably the consequence of
nanoparticle penetration in the sample surface, where it weakens the polymer matrix. With the increase
of nanoparticle concentration this effect is compensated, as it can be seen on 0.5% and 1% of the
concentration.

Figure 7: Water vapour transmission rate of prints on the uncoated paper

On the coated paper, similar trend could be noticed when it comes to permeability after varnishing, i.e.
the PCL coating shows lower permeability than the coating which has w(ZnO) = 0.1% particles, but
increasing weight ratio of ZnO decreases permeability to water vapour (Figure 8). It could be seen on
both papers that the reduction of the transmission rate is almost the same (≈ 165 g/daym2) which shows
much higher effectiveness on the coated paper as the initial value is much lower.

Figure 8: Water vapour transmission rate of prints on the coated paper

106

4. CONCLUSION
The aim of this paper was to assess the influence of nanocomposite PCL-ZnO in different composition (by
varying weight ratio of ZnO nanoparticles) on printed sample’s properties. To conduct this experiment,
uncoated offset paper and gloss coated paper were chosen as they are used as the common packaging
material. The samples were printed via offset printing technique on KBA Rapida 105 PRO printing
machine in ordinance with ISO 12647-2:2013, i.e. Fogra PSO. The samples were coated with prepared
nanocomposite OVPs (PCL-ZnO).
The results showed that on the uncoated paper coating with prepared OVPs did not affect the colour
reproduction outside acceptable tolerance levels. On the coated paper the coatings in which weight ratio
of ZnO was 0.5 and 1% caused magenta to be outside acceptable tolerance level. On the other hand, it
could be seen that weight ratio of ZnO causes lower colour differences to the original print on coated
paper.
Applying the prepared coatings caused almost none change of print gloss on uncoated paper, but
increased the print gloss on coated paper
The water-vapor permeability was lowered on both investigated paper types but on the uncoated paper
adding ZnO nanoparticles decreased barrier properties in comparison to the coating composed of PCL
only. Increasing the mass of added ZnO increases barrier properties of the print on both investigated
cardboards.
This research has proved applicability of the PCL-ZnO coatings as a OVP on cardboard offset prints as it
did not highly influenced colour reproduction but has decreased water vapour transmission rate. On the
coated paper/cardboard one must take into account increased colour difference of magenta and chose
the ink which will be reproduced closer to the standardized colorimetric values or add lower
concentration of the nanoparticles without decreasing their role in the coating. In addition, to further
investigate the applicability in the packaging printing, further research should include investigation of
resistance to ink fading in the ageing process, bending tests, adhesion etc.
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