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Abstract: Microcapsules are used in various fields of application, such as in pharmacy, medicine,
agriculture, chemical industry, construction industry, food industry, biotechnology, electronics. Fragranced
and PCM (phase change materials) microcapsules also found their use in the printing and the textile
industries, where they are applied in the combination with the appropriate ink or varnish on the desired
substrate material. Microcapsules are applied either by coating or by different printing techniques, which
main advantage is the ability to transfer the microcapsules onto desired areas of the substrate material
without or with as little damage as possible, thus allowing the deposited microcapsules to fulfil their basic
functionality. The aim of this research was to investigate the morphologic characteristics of the fragranced
microcapsules and the coated prints using selected varnish and different fragranced microcapsules
concentrations, as well as to determine how variable concentrations of the applied microcapsules in the
varnish affect the optical characteristics of the coated prints. Performed SEM (scanning electron
microscopy) and spectrodensitometric analyses of the coated prints revealed that both the coating process
without microcapsules, as well as the different fragranced microcapsules’ concentration in the coated
water-based varnish, significantly affected both the morphologic and the optical characteristics of the
coated prints.
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1. INTRODUCTION

Different coatings are used today in the printing industry in order to add a new value to the printed
products or to enrich them by enhancing their visual, protective or functional properties (application of
different microcapsules’ types) (Kipphan, 2001; Gosh, 2006). Microcapsules are used in different fields of
application, such as in medicine, pharmacy, agriculture, biotechnology, electronics, chemistry,
construction, food, printing and textile industry. They can be applied on various substrates, using
numerous transfer techniques (coating or different printing techniques: screen and flexo printing, sheet-
fed and web offset printing, gravure, pad printing, inkjet and xerography), which enable precise
microcapsules' deposition on the specific areas of the printing substrate, though before application they
need to be pre-mixed with the printing ink or the printing varnish (Gosh, 2006; Urbas et al, 2017,
Staresinic et al, 2011; Rodrigues et al, 2009; Goetzendorf-Grabowska et al, 2004; Goetzendorf-Grabowska
et al, 2008; Chovancova et al, 2008; Milosevic¢ et al, 2016). In addition to the visual and the tactile aspects
of the printed matter, the progress of the printing technology also enabled the integration of scents, by
applying microcapsules containing fragrances (Rose, 2007).

Microcapsules are tiny spheres, usually consisting of two parts (core and shell), which enables the
encapsulated active agent (core material) to reach the “target” areas without being affected by the
environment through which it passes, while its microscopic size allows the consumption of very small
active agent quantity (Gosh, 2006; McShane et al, 2009; Dubey et al, 2009; Microtek Laboratories).
Microcapsules used in printing applications can be activated by using different activation mechanisms,
such as by external pressure, abrasion and heat or light application (Gosh, 2006; Boh et al, 2008;
Nelson, 2001; Sensor Products).

Applied microcapsules enable different functionalities to the final, printed product, but they will to a
certain extent change basic features of the prints such as physical (thickness, grammage, surface
roughness), mechanical and optical characteristics (colour, opacity and print gloss) (Blanco-Pascual, 2014;
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Pavi¢, 2015; Tarnopol, 2009; Urbas et al, 2015; Manojlovi¢, 2013). A surface characteristic of the printed
surface has a huge impact on the type and the amount of the reflected light from the printed surface,
which affects the print quality and the overall appearance of the prints. Morphologic characteristics of
the prints are dependent on the printing substrate properties, its surface structure (smoothness,
roughness), texture, degree of transparency, type of the coating and complex rheological and surface
tension properties of the coatings used (Karlovi¢, 2010; Karlovi¢ et al, 2011; Satas et al, 2000). Basic
properties of the microcapsules, such as morphology, microcapsule formation, size and volume
distributions, can be determined using optical, scanning electron microscopy (SEM) or transmission
electron microscopy (TEM) in combination with the appropriate image analysis software (Rodrigues et al,
2009; Urbas et al, 2015; Pefia et al, 2009).

The aim of this research is to determine basic morphologic and optical characteristics of the functional
coatings with scents, produced by an automatic coating technique using water-based varnish in which
fragranced microcapsules in water suspension were added, as well as to investigate how different
concentrations of the microcapsules in the coating layers affect morphologic and optical characteristics of
the coated prints. Conducted SEM and optical characteristics analysis of the produced functional coatings
revealed that the application of the microcapsules, in the varnish, significantly affected morphologic and
optical characteristics of the coatings.

2. METHODS

In this research, for the coating process were used fragranced mono-core microcapsules in water
suspension, which were made by modified in situ polymerization method (Sumiga, 2013). The
microcapsule core material was made of different essential oils combination, with the fragrances of sage,
rosemary and lavender, while the microcapsule shell was made of partially methylated trimethylol
melamine (Melamin, Slovenia). As a printing substrate was used a commercially available matte coated
paper (GardaMatt Art, Lecta, Spain) which basic characteristics provided by the producer (thickness, basis
weight, specific volume and CIE whiteness) were presented in Table 1.

Table 1: Basic characteristics of used paper

Paper Surface finish Basis weight Specific Thickness CIE-whiteness
P (IS0 536) volume (IS0 534) (IS0 11475)
GardaMatt Art matte coated 130 g/m? 0.85 cm3/g 111 um 121.3 CIE

The C-375 water-based printing varnish was based on the stabilised water dispersion of acrylic resins
(styrene acrylic emulsion), with the addition of the polyethylene wax. Selected varnish is suitable for the
protection of the printed packaging in the food industry (without direct contact with the food) and is
characterised by its high gloss and abrasion resistance (Cinkarna Celje, Slovenija).

Chosen substrate material was firstly printed using a four-color sheet-fed offset printing machine (KBA
Performa 74, Koenig & Bauer, Germany) using only cyan ink (Diatone® PREMIUM+, Sakata inx, Japan).
Printing was done according to standard printing production conditions, using Libra VP digital printing
plate (Kodak, USA). Before coating process, microcapsules were premixed with the varnish (for 10 min., at
800 rpm) using the HS-30D WiseStir mixer (Witeg Labortechnik GmbH, Germany). The application of the
varnish with the fragranced microcapsules, onto the printing substrate, was done using an automatic
coating technique (K303 Multi Coater, RK PrintCoat Instruments Ltd, UK), with a rod that allows maximum
varnish deposition thickness of 12 um (coating speed was 8 m/min). Previously printed samples were
coated with the mixture of varnish and four different fragranced microcapsules mass concentrations in
the varnish: 0%, 1%, 7% and 15%. After coating procedure, all the samples were dried at room
temperature (25°C, 55% relative humidity) for 24 hours.

Selected fragranced microcapsules and the coated samples were prepared and photographed using
scanning electron microscopy (SEM; JSM 6060 LV, Jeol, Japan) to obtain microcapsules’ and coated
samples’ morphology. Generated images were also analysed using an image analysis software (ImageJ,
USA) (Imagel, n.d.) in order to determine microcapsules’ size/volume distributions. Determination of the
fragranced microcapsules diameters was based on the 500 measurements on different SEM images. After
SEM analyses, several optical characteristics of the prints were determined in order to investigate the
effects of varnish and different microcapsules concetrations application. Following print quality
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parameters were determined: solid-tone print density, tone value increase (TVI) and relative spectral
reflectance, using spectrodensitometer SpectroDens (Techkon, Germany).

3. RESULTS

3.1 SEM analysis of the fragranced microcapsules and the coated samples

Scanning electron microscopy (SEM) and subsequent image analyses of the obtained SEM images were
employed in order to investigate the fragranced microcapsules’ properties (Figure 1a) in the coated
varnish layers, to determine their size/volume distributions (Figure 1b), as well as to investigate the
properties of the coated samples’ surfaces made by using different fragranced microcapsules mass
concentrations in the varnish: 0% (C_0% sample), 1% (C_1% sample), 7% (C_7% sample) and 15% (C_15%
sample), Figure 2. In the Figure 1 are presented morphology (1a) and size/volume distribution (1b) of the
fragranced microcapsules in water suspension, that were used for automatic coating process in
combination with the water-based varnish. As it can be observed from the Figure (1a), the fragranced
microcapsules have regular, spherical shape, possessing a smooth surface and relatively uniform sizes.
Obtained size distribution curve is positively skewed with relatively narrow distribution (blue curve in
Figure 1b), where 92.08% of the sampled fragranced microcapsules had the diameter between 1 um and
3 um. The mean diameter of the sampled fragranced microcapsules was 2.08 um (st. dev. 0.63), while the
minimum and the maximum recorded diameters were 1.06 um and 4.60 um. In contrast to the
fragranced microcapsule size distribution, the volume distribution curve (red curve in Figure 1b) is
almost symmetrical, showing normal volume distribution, where 17.62% of all sampled fragranced
microcapsules (sizes between 2.5 um and 3 um) participated with 30.36% in the total fragranced
microcapsules volume amount.
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Figure 1: Fragranced microcapsules in water suspension (a) (SEM; 1.000x magnification),
with their size and volume distributions (b)

From Figure 2, it can be noticed that used matte coated paper for printing and coating, possesses
relatively rough surface structure (Figure 2a), which is also observed in the case of printed sample
(Figure 2b) where due to paper’s uneven surface structure nonuniform ink deposition of the solid tone
patch was obtained (darker, left half of the SEM image). The prints made by solely varnish (Figure 2c),
sample C_0%, has very smooth and uniform surface structure, while the sample coated using varnish and
microcapsules in the mass concentration of 1% (C_1% sample), Figure 2d, has slightly rougher surface
structure with several fragranced microcapsules on top of it. The prints made with the fragranced
microcapsules in the mass concentration of 7% (C_7%), Figure 2e, possess even rougher surface
structure, while the samples coated with the varnish and microcapsules in the mass concentration of 15%
(C_15% sample), Figure 2f, possess the roughest and the least uniform surface structure, with visible
fragranced microcapsules spread all over the surface of the sample. By increasing the concentration of
the fragranced microcapsules in the varnish, the surface of the coated samples became more and more
non-uniform and rough. Transferred microcapsules on the coated samples were undamaged, which prove
that automatic coating technique is adequate and can be successfully used for coating process of the
fragranced microcapsules.
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Figure 2: Surfaces of the blank paper (a), printed paper C (b), and printed and coated samples C_ 0% (c), C_1% (d),
C 7% (e), C_15% (f), (SEM,; 250x and 1000x magnifications)

3.2 Analysis of the print quality parameters

From the presented solid-tone print density results in Figure 3, it can be observed that all recorded print
density values were below reference values (red line) given by ISO standard (ISO 12647-2:2004, 2004).
Coating process with the varnish only (without microcapsules) led to solid-tone print density increase
(C_0% sample) which is a result of varnish colour and transparency characteristics. Addition of fragranced
microcapsules in the mass concentration of 1% in the varnish, slightly raised the resulted solid-tone print
density value (C_1% sample), while the coating process with increased microcapsules’ concentrations in
the varnish (7% and 15%) led to gradual print density decline. Varnishing process without fragranced
microcapsules produced darker prints compared to uncoated prints, while the higher concentrations of
the microcapsules in the varnish (7% and 15%) led to gradual print density values drop, which is a result
of microcapsules shell material white colour.
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Figure 3: Measured solid-tone print density of printed and coated samples

In Figure 4 are presented obtained TVI values, as well as aimed I1SO TVI values (dashed purple line) which
correspond to defined printing conditions (printing process, screen ruling, paper and printing plate types)
according to ISO standard (ISO 12647-2:2004, 2004). TVI reproduction curve of printed, uncoated sample
(C, cyan curve) almost match the reference ISO TVI values (dashed purple line), indicating good print
quality, regarding this print quality parameter. Obtained TVI data have a very similar trend as previously
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analysed solid-tone print density data. Namely, coating process using only varnish (C_0%, dashed cyan
curve) produced much higher TVI values over the whole tonal range, comparing to solely printed samples
(C sample). The highest TVI values were recorded on the samples coated with varnish and fragranced
microcapsules in the mass concentration of 1% in it (C_1%, light blue curve). The next increase of the
fragranced microcapsules concentration in the varnish (C_7% sample), led to a decline of TVI values.
This trend continued in the case of the samples coated using the highest microcapsules concentration
in the varnish as well (C_15% sample), where the lowest TVI values were obtained, comparing to all
coated samples.
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Figure 4: Measured TVI of the samples

In Figure 5 are presented measured relative spectral reflectance values of only printed (C) and printed
and coated samples (C_0%, C_1%, C_7% and C_15%). This parameter was measured on the solid-tone
patches printed using an offset printing press and a cyan ink. It can be noticed that all obtained relative
spectral reflectance curves have almost identical shape, which describes the measured colour of the
printed cyan ink patches (Figure 5).
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Figure 5: Measured relative spectral reflection of the samples

It can be noticed that on the solely printed sample (C sample, solid cyan curve) were recorded the highest
relative spectral reflectance values, meaning that the colour of this sample was the lightest one. The
sample where slightly lower relative spectral reflectance was obtained is the one printed and coated with
fragranced microcapsules in the mass concentration of 15% (C_15% sample, dashed navy blue curve)
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which is due to high concentration of microcapsules in the varnish that have white coloured shell, so the
corresponding intensity of spectral reflectance will be higher compared to the samples coated using
varnish with lower microcapsules’ quantity. The darkest sample, i.e. the sample where the lowest spectral
reflectance values were recorded was the sample printed and coated using fragranced microcapsules in
the mass concentration of 1% (C_1% sample, solid magenta curve), which almost match the reflectance
curve of the slightly lighter sample coated without microcapsules (C_0% sample, dashed cyan curve).

4. CONCLUSIONS

Presented results showed that the automatic coating technique is a nondestructive process for
microcapsules transfer and that it can be successfully used for the coating process with varnish and
different concentrations of fragranced microcapsules. This was proved by the SEM images where a lot of
undamaged microcapsules were transfered on the paper substrate. Used fragranced microcapsules in the
water suspension had very regular, spherical shape, smooth surface. Even though a visual inspection of
the SEM images showed that microcapsules’ sizes are relatively uniform, their size distribution curve is
positively skewed with relatively narrow distribution while the volume distribution curve is almost
symmetrical (normal volume distribution). The higher the fragranced microcapsules concentration in the
coated varnish layer, the higher the surface nonuniformity and roughness of the applied coatings, as well
as more microcapsules were observed on the surface of the coated samples.

Coating process with fragranced microcapsules changed to certain extent basic optical characteristics of
the printed samples. On the coated samples without fragranced microcapsules were recorded higher
solid-tone density values (darker prints) compared to only printed samples, while the higher
concentrations of the fragranced microcapsules in the varnish (7% and 15%) led to a gradual print density
decline, which is a result of white colour of the microcapsules shell material.

Similarly, as in the case of solid-tone print density data, coating process of printed samples led to a
dramatic increase of TV, which was even higher after addition of microcapsules in 1% mass concentration
in the varnish. Following two increases of microcapsules’ percentage in the varnish (7% and 15%),
resulted in a slight TVI decrease.

Obtained relative spectral reflectance curves of all samples have almost identical shape, but they have
slightly different amplitude. Namely, coating process, without and with small microcapsules
concentration of 1%, produces darkest colour samples (the lowest spectral reflectance values),
comparing to only printed sample. Higher fragranced microcapsules concentrations in the varnish
produced coated samples with a lighter colour (high spectral reflectance values) which is the
consequence of the white colour of the microcapsules’ shell.
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