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Abstract:

The process of surface enhancement involves the application of some liquid (varnish, coating) or thin
elastic films and foils. With the application of additional layer of material on the printed surface there
is a change in the surface topography and change in the direction of the reflected light. The changes
in the surface characteristics influence the direction of the reflected light and both the geometrical
and colourimetric properties of the measured printed samples. In the experimental part we have used
offset prints laminated with 24, 30, 100 i 125 micron thick PE foils (matte and glossy). After the
application of the foils we have measured the instrumental gloss values and measured the colorimetric
changes of the prints. For the gloss characterization we have used the 60° angle specified by the 1SO
2813:1994 standard, and for the colourimetric measurement we have used a spectrophotometer with
0/45 measurement geometry with D50 standard illuminant and 2° standard observer. The surface
roughness characterization was done with a stylus profilometer TR 200 and the appropriate 1SO
surface roughness factor R, was calculated. The results have shown that with the application of a
thicker gloss foils there is decline in average surface roughness values and increase in specular gloss
properties. With the application of matte foils the thickness decreases the gloss value. The
colourimetric properties also indicate a correlation between foil thickness and measured values.
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1. INTRODUCTION

There are numerous graphic arts product applications where finished product expectations can be
satisfied by an inexpensive overprint application of coating or varnish which we define as surface
enhancement. The process of surface enhancement involves the application of some liquid (varnish,
coating) or thin elastic films and foils. Films and other applied materials are used to provide gloss,
protection and, in some cases, long-term ink fade protection [1]. With the application of additional
layer of material on the printed surface there is a change in the surface topography and change in the
direction of the reflected light. The CIE has initiated an approach to quantify the visual appearance of
objects by instrumental methodology, and published its finding in the CIE 175:2006 report “A
framework for the measurement of visual appearance” [2]. In this document are presented all the
known characterization methodologies for the definition of the four basic components which define
the optical properties of an object or surface. There is recognition that these measurements are
interlinked and thus the colour can influence the gloss, colour will certainly have influence on
transparency and translucency, and the texture of the material will have influence the other three basic
optical properties [3]. The changes in the surface characteristics influence the direction of the reflected
light and both the geometrical and colourimetric properties of the measured printed samples. Beland
[4] has in his PhD thesis presented an array of experimental results and theories about the influence of
the surface structure on the light reflection and thus pointed out the necessity of defining the surface
characteristics when evaluating light measurement. The methods to quantify the surface texture in
general can be quantified as contact and non contact, as well as three dimensional (surface) and two
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dimensional (surface profiles) [5]. The techniques which are used to measure the height of the surface
with the point to point system with a measurement probe are very often useful and can be used to
calculate a number of statistical parameters as well the functions of average surface heights and
distances between these irregularities [6] The reflected light in the graphic arts industry is mostly
measured in two ways where we make distinction between the geometrical part of the reflection for
example gloss and the colourimetric part which is associated with the colour sensations as hue,
saturation and lightness. Gloss as a important optical property can be defined as a light reflected from
the surface and is a characteristics of a material [7]. The instrumental gloss measurement is used to
check if the surface after lamination or any other surface treatment has achieved the desired specular
gloss level or not. For the full characterization of gloss, an visual assessment should be used, but until
now there no certain way to quantify this appearance. For this is the instrumental specular gloss used
more often in the graphic arts industry. The coating and lamination can be performed on several types
of prints depending on the type and methods to apply the foils. In paper by Stancik et al[8]
investigated the possibilities of using varnishes and foils on inkjet prints to achieve certain
colourimetric properties, while in paper by Karlovic et al [9] colourimetric attributes were tested on
offset prints. These measurements are important because we can optimize the production and supply
the data necessary for soft proofing and other colour prediction models.

2. METHODS AND MATERIALS

For the experimental part we have used a 130 g/m” glossy coated paper which smoothness, whitness
and other values confirm with the requirements of the ISO 12647-2:2004 standard. For the surface
enhancement we have used four different thicknesses of 24, 30, 100 and 125 microns glossy and matte
foils. The application of the 24 and 30 micron BOPP lamination foils we have used the Printlam smart
52 lamination machines with process parameters, while the 100 and 125 micron were OPP laminating
pouches were done with GBC Heat Seal H 400 laminator. Both machines were operated using their
standard temperature and pressure settings. The print samples were printed before the application of
foils using Sun Chemical World Series conventional inks and the printing was done using the inking
Lab values of the ISO 12647-2:2004 standard. On the prints we have used an ECI 2002 test chart
which was used to determine the Lab values of the CMYK patches as well to construct the colour
gamuts of the prints with different foils. The measurement was done using D50 standard illuminant,
standard observer 20, and a 0/45 measurement geometry. The gloss characterization was done with a
three angle specular gloss measuring device Glossmater, and the measurements were done using the
ISO 2813:1994 standard procedures. The surface roughness characterization was done with a stylus
profilometer TR 200 and the appropriate ISO surface roughness factor (R,) was calculated from the
measurements. The measuring range of 20 pm with corresponding resolution of 0.01 um, evaluation
or assessment length of 5 sampling lengths and the Gauss filtering method have been used for
measuring all samples. We have measured the surface roughness on the full tone colour patches 12
times (6 times in the wide and 6 times in the length direction) and the data presented in the results are
the averaged values of these measurements and calculations. After all the calculations we have
calculated the correlation factors between measured surface roughness values, gloss and colour
difference.

3. RESULTS

The results of the gloss measurements of the lamninated print samples in the 60° specular gloss
measurement angle is presented in Figure 1. The presented results are the average values measured on
the CMYK coloured patches.
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Specular gloss values of the laminated prints
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Figure 1. Gloss values of glossy and matte lamination foils with different thicknesses

As we can observe from Figure 1. the average gloss value of the print with conventional ink and no
applied foil was 26.7 which was smaller value compared to all the glossy foils and larger compared to
the all matte foils. For the glossy foils the largest measured gloss value had the thickest foil of 125 pm
with the value of 90.46, the thinner foil of 30 um had 54.11 and the 24 pm foil had the smallest gloss
value of 46.09. The used matte foils showed a decrease in specular gloss with the raise in thickness of
the matte foils. The largest gloss value had the 24 um foils with 18.53, the 30 um foil had the value of
9.39 and the thickest foil yielded 7.67 gloss units. When we calculated the correlation between the foil
thicknesses we have observed that there is a strong linear correlation for the glossy foil thicknesses
and measured gloss units. The matte foils yielded smaller determination factor values for the the linear
correlation and a better one with the 2™ order polynomial fitting. These correlations are presented in
Figure 2a and b.
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Figure 2a. Correlation between a) glossy and b) matte foils of different thicknesses and gloss units

After the the gloss measurement we have measured the colour difference values of the prints the
results are presented in Table 1. The reference value for the colour difference calculation was the
printed but not laminated sample.
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Table 1. The colour difference values of laminated prints samples compared to the printed but not
laminated samples

Sample AE94 Max AE94 AE* C AE*M AE*Y AE* K
Glossy 24 pm 3.91 8.81 0.53 1.17 0.90 5.07
Glossy 30 pm 3.96 8.99 0.56 1.15 1.01 5.69
Glossy 125 pm 4.64 9.60 2.06 2.12 2.79 5.74

Matte 24 um 3.67 9.38 1.55 1.80 0.44 3.52
Matte 30 pm 3.94 11.11 2.05 2.25 0.84 4.88
Matte 100 um 5.44 16.73 2.74 4.01 2.34 9.70

From Table 1. we can observe that with the increase of both glossy and matte foil thicknesses there is
an increase in colour difference, and the largest colour difference for all of the colour patch samples
had the black colour patches. To observe the overall colour changes we have made ICC profiles from
the foiled prints and have constructed their gamut projections. In Figure 3. we can observe the
influence of the glossy foils on the expanding of colour gamut, and in Figure 4. the shrinking of the
initial gamut with the applied matte coatings.

Figure 3. The colour gamuts of glossy foiled prints samples compared to the print with no foil (the
smallest gamut is without foil, and the subsequent gamuts are the gamuts with the increased foil
thicknesses).
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Figure 4. The colour gamuts of matte foiled prints samples compared to the print with no foil (the
largest gamut is without foil, and the subsequent gamuts are the gamuts with the increased matte foil
thicknesses).

The surface roughness of the foiled printed samples and the reference printed but not enhanced
samples were performed using the TR 200 surface roughness tester. The results of the Ra the average
surface roughness of the samples are presented in Table 2.

Table 2. The average surface roughness (Ra) values of samples

Sample Ra pm
No foil 0.91
Glossy 24 pm 0.45
Glossy 30 um 0.41
Glossy 125 pm 0.26
Matte 24 um 0.63
Matte 30 pm 0.83
Matte 100 um 0.94

From Table 2. we can observe that the surface for printed paper without the applied foil is 0.91 um
and the subsequent application of the glossy foil decreases the average surface roughness to 0.26 um
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for the thickest glossy foil of 125 pum. The matte foils increase the surface roughness up to the value of
0.94 pm for the thickest matte foil of 100 pm.

To investigate the correlation between gloss and surface roughness parameters we have calculated the
appropriate determination factors both for glossy and matte coated samples. They are presented in
Figure 5.a and b.
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Figure 5a. Correlation between a) glossy and b) matte foils of surface roughness values and gloss units

As we can see in Figure 5a and b the correlation between the average surface roughness Ra in pm and
print gloss units yields the heighest determination factor of R*=0.904 for the glossy foils using the
exponentital fitting and 0.981 also for the exponential fitting for the matte foils (when the paper
without foil is excluded). We also calculated these factors for the relationship between average surface
roughness and mean colour difference. The results are presented in Figure 6a and b.
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Figure 6a. Correlation between a) glossy and b) matte foils of surface roughness values and colour
difference

As we can observe from Figure 6a and b for the glossy foils and average surface roughness the
determiantion factor was R*=0.98 for the linear fitting and R*=0.753 for the exponential fitting for the
matte foils applied over the same printed samples.
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5. DISCUSSION

The application of foils changes the surface of the prints which can be observed from the changes in
surface roughness. The increase in the foil thickness in glossy foils decreases the surface roughness
and increases the print gloss values and the colour difference values of the measured print samples.
These changes are best fitted with a linear trend line. The matte foils as expected also change the
initial surface roughness and produce a rougher surface from the glossy coated samples. This change
results in smaller gloss and larger colour difference values for the increasing foil thicknesses. The
results for the colour gamut indicate an increase of the colour gamut of the samples for the glossy
foiled offset prints, where the thickness is an important parameter, while for the matte foils this trend
is also indicative but in the opposite way- the thicker the foil the smaller the gamut. The results of
these investigations are important as an initial step in gathering enough empirical data for a model
which could be used for the computer simulation of the foil thickness influence on the colourimetric
and geometric properties of printed samples. Further investigation is needed in different production
parameters and foil types in order to gain full knowledge of the surface effects of these kind of
enhanced prints.
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