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Abstract

The objective of the research was to analyse the abrasion resistance in flexographic printing with water-based inks, covered
with different water-based varnishes. Print rub-off tests in the Ink Rub Tester were performed for one water-based ink and
three different water-based varnishes used in flexographic printing. The rub-off resistance was evaluated by spectropho-
tometric methods and visual observations. The AE",, parameter was used in evaluation. The 3D optical microscope was
used to analyse the obtained test results. It was observed that the varnishing process significantly improves the abrasion
resistance of the prints. The type of the varnish used in the research does not have such an influence on improvement of
abrasion resistance as that of the varnishing process itself. Considering the average surface roughness it could be deduced
that the varnishing process increases the surface roughness for both the paper base and for the polyethylene foil. The
greater the surface roughness the better is the resistance to abrasion.

Keywords: water-based ink, water-based varnish, surface roughness, spectrophotometric measurement,

AE™, colout difference

1. Introduction and background

Flexography is a very rapidly developing printing tech-
nology, therefore it is very important to solve existing
problems, search for new materials and improve their
properties and also environmental friendliness to obtain
high quality prints. That was the reason to become
involved in the subject of water-based flexographic inks
and varnishes.

It was observed that the popularity of water-based
inks has increased significantly in recent years because
water is the major component of these products. It was
undoubtedly due to their properties such as environmen-
tal friendliness, inexpensiveness, non-flammability, work
friendliness, etc., especially due to legal requirements on
environmental friendliness. Nevertheless, water-based
inks can cause problems in the printing process, despite
given advantages. The high surface tension of water-
based flexographic inks significantly reduces their adhe-
sion to plastic substrates. Their adhesion is much lower
than that of other inks used in this printing technology.
Many authors, e.g. Mesic et al. (2005) and Mesic, Lestelius
and Engstrom (2006) have addressed the subject of water-
based inks and of the surface free energy of the substrate
and the ink, but the findings presented in our research

on the quality of water-based flexographic inks may also
contribute to development and improvement of these
environmentally friendly inks. It is, therefore, impor-
tant to investigate such properties as ink adhesion to the
printing substrate or ink resistance to abrasion processes.

The issue of abrasion resistance improvement is within
the scope of interests of the authors of the presented
article (Gajadhur, 2012; Gajadhur, 2013; Gajadhur,
2014; Gajadhur and Wysokiniska, 2013; Gajadhur and
Jaszczuk, 2012). The detailed review of international
standards for abrasion testing resistance was per-
formed (American Society for Testing and Materials,
2004; International Organization for Standardization,
1997, 1997a, 1999, 1999a, 2000, 2003, 2009; Technical
Association of the Pulp and Paper Industry, 1999) to
define the existing knowledge base. The published
papers on abrasion resistance (Ridgway, Gane and
Gliese, 2006; Podhajny, 2005; Zhou et al., 2012; Zhao et
al., 2012; Podhajny, 2000; Gane, Kozlik and Schoelkopf,
2005; Koivula, Gane and Toivakka, 2008; Mesic et al.,
2005; Mesic, Lestelius and Engstrom, 2006; Salesin and
Burge, 2011; Salesin et al., 2008; Hartus and Gane, 2012;
Rentzhog and Fogden, 2006) were also analysed.
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Podhajny (2005) indicates that in order to obtain a good
scratch and abrasion resistance, an ink of appropriate
composition is required. Ink containing an adequate
amount of silicones or waxes can be more scratch and
abrasion resistant. Zhao et al. (2012) considered the
impact of varnishes on abrasion and scratch resistance.
They studied how different waxes and resins and their
respective content in the varnish can influence scratch
and abrasion resistance. It was proved that the type of
the resin and wax as well as their amount has a signif-
icant effect on resistance to abrasion and scratching,
Evaluation of the ‘rub off”’ resistance was based on the
measurement of the gloss value before and after the
abrasion process. A difference in gloss values of 1.5-6 %
was found for different types of resins and waxes.

Zhou et al. (2012) addresses the influence of the sub-
strate on the abrasion resistance of prints. The study
involved seven different coated substrates — both
glossy and matte — of various grammage. The abrasion
resistance of printed matter was assessed, based on
the change in optical density and changes in the AE®,
parameter. The research was based on one type of ink,
namely the cyan offset ink. Viscosity modification was
also included in the research. Prints were obtained from
the IGT AIC-2-5 device. Abrasion resistance tests were
performed with a Sutherland ink rub tester. The printed
paper was rubbed in dry conditions with unprinted
paper of the same type. Prints executed using different
viscosity inks were also tested for rub off resistance. It
was found that the absorption by the substrate and its
smoothness has a great impact on abrasion resistance,
whereas the viscosity of the ink has no significant effect
on this parameter.

In their study, Chen and Liu (2008) presented abrasion
resistance of a new type of UV inks designed for flex-
ographic technology. Apart from abrasion resistance,
other types of tests were performed, such as scratch
resistance, “Tessa®™ tape’ tests on adhesion, and resistance
to chemical agents. Abrasion tests were performed also
on a Sutherland device. Polypropylene, polyester and
polycarbonate foils were used in the studies. The study
was performed to compare environmentally friendly UV
inks with conventional UV inks.

Reduced resistance to abrasion may be caused by the
low or insufficient surface free energy of the substrate.
Surface wettability is characterised by direct contact
angle measurements and spreading coefficient. The
matter concerning the surface energy problem was pre-
sented by Mesic, Lestelius and Engstrém (2006). The
print quality of water-borne inks applied on the LDPE
(low density polyethylene) coated paperboard was stud-
ied. The LDPE layer was corona treated and the con-
tact angle measurements were performed. The prints
were made with an IGT F1 device, 432 hours after the
corona treatment. The print properties such as print

density, dot gain and mottling of cyan ink applied on
the surface were examined.

In previous study by Mesic et al. (2005) it was shown that
the surface roughness and corona treatment of poly-
ethylene coated paperboard printed with water-borne
flexographic inks significantly influence the rub off
resistance of the printed sample. It was also proved that
the surface free energy of the ink does not influence the
print quality. The set of LDPE materials with different
surface free energy and different surface roughness were
examined in this study. The rub resistance was evaluated
via such parameters as print density, white areas, dot
gain and mottling. The cyan ink of 30 s Zahn cup # 2
viscosity was used in this study, and 1 % of surfactant
was applied into the ink to reduce its surface energy.
Prints were made both with modified and unmodified
inks. It was proved that the corona treated samples dis-
play better abrasion resistance. Abrasion tresistance was
evaluated with the use of image analysis software. No
influence of sutfactant on the rub resistance of tested
inks was observed. It was, however, observed that the
surface roughness increased after corona treatment.

The problem of adhesion in the printing process stud-
ied by Mesic et al. (2005), and Mesic, Lestelius and
Engstréom (2000), was considered also by Wolf (2010)
in his research.

The problem of water-based flexographic inks applied
on polymers was analysed in detailed studies by
Rentzhog (2004), Rentzhog and Fogden (2006), and
Rentzhog (2006). Three different printing materials,
LDPE, oriented polypropylene (OPP) and polypropy-
lene (PP), and differet inks were analysed by Rentzhog
and Fogden, (2006). Wet rub and scratch resistance were
evaluated. It was proved that the addition of silicone to
the ink worsens the rub resistance, whereas the sutface
treatment of the substrate improves it. Moreover, it was
proved that the rub resistance decreases from LDPE to
PP to OPP substrates.

In the research of Zhao et al. (2012), the influence of dif-
ferent water-based varnishes in the printing production
was studied only in the case of gloss value changes due to
the influence of the abrasion process, but not in the case
of abrasion resistance of the prints in respect to colori-
metric properties.

The abrasion resistance of different varnishes (cellulosic,
synthetic, polyurethane, water-borne and acid hardening)
dedicated to wood technology was studied by Keskin and
Tekin (2011). however not concerning the printing mate-
rials such as paper or foils. The rotation disc was used in
these studies. The abrasion resistance was evaluated vis-
ually. If 50 % destruction of the sample was observed,
the number of rotations was recognised as the measure
for abrasion resistance.
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2. Methods

This chapter describes materials and devices used in
the research, preparation of the samples, as well as the
detailed analysis of rub-off tests and evaluation of the
abrasion resistance of the tested samples. The surface
evaluation of the prepared samples is also discussed in
this section.

2.1 Matetrials and devices

For the purpose of the study, water-based Pantone
orange PMS 164 C ink was used. This ink was chosen for
the research because of the previously identified poor
abrasion resistance (Tomaszek, 2012).

Three different water-based varnishes intended for flex-
ographic printing were also used in the study, namely:

* high-gloss (Varnish 1),

* standard gloss (Varnish 2),

* matt (Varnish 3).

The following substrate materials and tools were used
in the study:

* polyethylene (PE) foil Flexipack M3L white, three-
layered (25 %, 50 %, 25 %),

* gloss coated paper (illustrated in Figure 1),

* sand paper made of silicon carbide of granulation
P-180, in accordance with the recommendations
of ISO 5470-1 (International Organization for
Standardization, 1999a),

* grey scales for assessing the change in colour
(Figure 2a) and grey scales for assessing the staining
(Figure 2b),

+ anilox roller with screen ruling 80 1/cm and ink
capacity of 10.2 cm®/m?,

« anilox roller with scteen ruling 22 1/cm and ink
capacity of 50.1 cm®/m?,

« anilox roller with scteen ruling 40 1/cm and ink
capacity of 39.1 cm?/m?”

Figure 2: a) Grey scales for assessing the change in colour, b) grey scales
for assessing the staining (grey scales prepared by the anthors)

layer coating 2

layer coating 1

pre-coating layer
bleached pulp (TCF)

pre-coating layer

layer coating 1

layer coating 2

Figure 1: Structure of gloss coated paper base used in the studies

To perform the research it was necessary to use:
* Ford cup 0 4 mm,
* RK Print K-lox manual device (Figure 3),
* TMI Ink Rub Tester with test block
weighing 1.81 kg,
* Gretag Macbeth Spectrolino,
and SpectroEye spectrophotometer,
* X-Rite KeyWizard software,
* HP LJ100 M175 scanner,
* Bruker Contour GT K1 3D optical microscope.

2.2 Sample preparation

Activated PE foil and gloss-coated paper base were
printed with water-based orange PMS 164C Pantone ink
in ambient conditions (23 °C and 50 % RH). Prints on
PE foil and on coated paper base were obtained with
the use of a K-lox RK Print manual device (Kontech).
One anilox roller with screen ruling of 801/cm and
ink capacity of 10.2 cm’/m?® was used for obtaining
the prints. The K-lox manual device was moved under
constant load of approx. 816 g The width of obtained
prints did not exceed 115 mm (Kontech, n.d.). The flat
colour print was obtained using the method described.

In the next step, the prints were evaluated visually for
the quality of the ink transferred onto the paper or

anilox roller
ink
rubber roller

print direction
—_—
ink film

printing base

Figure 3: K-loxx RK Print device (Kontech)
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foil. Only those with a high quality obtained ink layer
were selected for further research. After 24 hours,
prints were coated with the appropriate layer of the
varnish.

The varnish layer was applied to the prints also by
means of the K-lox manual device. Two different thick-
nesses of varnish layer were applied to the prints, using
two different anilox rollers, the one with screen ruling
of 221/cm and ink capacity of 50.1 cm?/m? and the
one with screen ruling of 401/cm and ink capacity of
39.1 cm?/m? The varnish viscosity was measured using
Ford cup ¢ 4 mm.

2.3 3D surface morphology studies

To analyse the surface morphology of obtained sam-
ples, the Bruker Conour GT K1 3D optical microscope
was used in the studies (Bruker, 2013). Only the samples
varnished with the 40 1/cm anilox roller were analysed.

2.4 Abrasion resistance tests

Varnished prints were tested for abrasion resistance after
24 hours of conditioning in the Ink Rub Tester device,
according to the Sutherland method (American Society
for Testing and Materials, 2004) and to the method
developed in the Department of Printing Technology,
WUT (Gajadhur, 2014). The total number of cycles pet-
formed in the Ink Rub Tester device was 60070 cycles.
Tests were performed in “dry” conditions, which means
that the sample prepared on PE substrate was subjected
to rub resistance with contact against the unprinted PE
foil (named as PE receptor) and with abrasive paper
made of silicon carbide of granulation P-180, according
to the recommendations of ISO 5470-1 (International
Organization for Standardization, 1999a), whereas the
sample prepared on gloss-coated paper base was abra-
sion tested with contact against the unprinted gloss-
coated paper (named as paper receptor). The test
block weighing 1.81 kg was used. The device speed of
100 cycles/min was applied in the reseatrch.

Samples for the Ink Rub Tester device (TMI, 2015) were
prepared in the following manner: the backing matetial
of 152 mm X 76 mm size was attached to the Ink Rub
Tester device table using adhesive tape; then the printed
sample of 152 mm X 60 mm size was attached to the
backing also with adhesive tape; finally, the receptor —

3. Results
3.1 Surface morphology results
Three-dimensional images of the surface morphology

are presented for the PE substrate (Figures 4 and 5) and
for the paper base (Figures 6 and 7).

unprinted material (film, paper or abrasive paper) with
dimensions of 178 mm X 51 mm — was bent and placed
on the test block. Each sample was tested for 5000
abrasion cycles.

A visual assessment of abrasion and spectrodensito-
metric measurements were performed every 100 cycles
from 0 to 500, then every 500 cycles up to 5000 cycles.
Also, the sample was scanned at each stage of the abra-
sion tests in order to register occurring changes. The
spectrophotometric measurements were collected with
the use of KeyWizard X-Rite software. At each stage
of abrasion, CIELAB values, CIELLCH, and the main
partial optical density of process colours were measured
on the sample and the receptor. Three measurements
were taken both for the sample and for the receptor,
i.e. a polyethylene foil or unprinted gloss-coated paper
base, at every stage of the abrasion tests, respectively.
These measurements were performed each time in the
same square 5 mm X 5 mm that was marked both on the
receptor and on the sample.

The colour coordinates CIELAB, the colour attrib-
utes CIELCH and the main partial optical density were
measured under the following conditions:

¢ illuminant D50,

* 2° colorimetric observer,

* density standard DIN NB,

* absolute reflectance,

* no polarization filter.

Firstly, the mean of measured parameters and then the

value of the AE®,, parameter ware calculated on the
basis of Equation 1,

AE, = \/(AL* ) (aa) +(ar) (1]

where AL®, As* and Ab™ are differences between the
coordinates L*, 4% and 6* of measured colour and
reference.

The results obtained for samples covered with films of
different varnish layers were compared to the results
obtained for unprotected samples.

The grey scale for assessing the change in colour and
the grey scale for assessing the staining (Figure 2) were
used in the evaluation of samples.

In Figures 4 and 5, the ribbing of the ink and also of
the varnish layer is observed on the 3D microscopy
maps, changing from short wavelength to longer wave-
length in the case of the PE substrate. The similar effect
is observed on the paper (Figures 6 and 7), but some-
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Figure 4: Three-dimensional image of the PE foil surface with the ink layer
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Figure 7: Three-dimensional image of gloss coated paper base with the ink and Varnish 3 layer
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what less well formed. Perhaps it is related to a possi-
ble different viscoelastic behaviour between the ink and
varnish used, leading to a material dependent elastic
recovery after the film split.

In Figure 8, the average surface roughness (arithmetic
mean height, S,) is compared in a graphical form both
for the paper base and for the PE foil.

Sa [nm] 1600
1400

1200
1000
800 -
600 -
400 -
200 -

0 -

m Paper
m PE foil

Print
without
varnish

Print + Print + Print +
Varnish1 Varnish2 Varnish 3

Figure 8: Average surface ronghness (S,) of all tested materials

In Figure 8 it is observed that average surface roughness
of the paper samples is roughly twice the value com-
pared to the average surface roughness of the PE sam-
ples except for the print coated with Varnish 1. The S,
value for the varnished and unvarnished PE substrate
remains at a quite similar level, again with the exception
of the print coated with Varnish 1, which has the high-
est S, value measured.

3.2 Viscosity of varnish

The results of viscosity measurements with the use of
Ford cup 0 4 mm of all varnishes tested in this research
are presented in Table 1.

3.3 Abrasion resistance

The AE",, parameter (colour differences) changes due
to abrasion of the prints on PE foil, both varnished
with three different varnishes and without varnishing,
are presented in Figure 9a for the PE foil sample and
in Figure 9b for the PE foil receptor. The varnish layer
in this case was obtained with the use of the 221/cm
anilox roller.

The influence of the varnish layer thickness applied over
the print on the rub-off resistance is demonstrated in
Figures 10 and 11. Results for three different varnishes
are presented. The thicker varnish layer was obtained
with the use of the 221/cm anilox roller, whereas the
thinner with the use of the 40 1/cm anilox roller. The
results for both screen rulings are presented. Figure 10
compares results obtained for the printed samples,
whereas Figure 11 shows the results of the transfer
onto the PE unprinted receptors. Similarly, the results
obtained on the gloss coated paper substrate are pre-
sented in Figures 12 and 13. In this case the varnish
layer was applied only with the use of the 401/cm
anilox roller. Figure 12 presents the results obtained on
the samples, whereas Figure 13 the results obtained on
unprinted gloss coated base receptors. Further, printed

Table 1: Viscosity of varnishes measured with Ford cup o 4 mm (three measurements per sample)

Viscosity [s]
Sample
1 2 3 Average
Varnish 1 124 111 112 116 (1 min 56 s)
Varnish 2 212 180 195 196 (3 min 16 s)
Varnish 3 43 43 43 43
a) b)
14
.
12 5 R .
¢ / *
10
* *
s o ) * N ¥ Varnish 1 ¥ Varnish 1
AEX / * ® Varnish 2 AEX ® Varnish 2
* 6 Varnish 3 » Varnish 3
/ + Novarnish + Novarnish
4 L.
2 w .7 O] -
OJ e
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Number of cycles N of cycles

Figure 9: AE™,, parameter changes due to the abrasion resistance process for PE foil a) samples and b) receptors;
varnish applied with 22 Ifcm anilox roller
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Figure 10: Comparison of AE*,, parameter changes due to the abrasion resistance process for varnishes applied with different anilox rollers,
Jor PE foil samples: a) 22 lfcm, b) 40 Ifcm anilox roller
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Figure 11: Comparison of NE*,, parameter changes due to the abrasion resistance process for varnishes applied with different anilox rollers,
Jor PE foil receptors: a) 22 fem, b) 40 Ifem anilox roller
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Figure 12: AE*,, parameter changes due to abrasion resistance process,
Jfor gloss coated paper samples, varnish applied with 40 I/ cm anilox: roller

samples were tested for abrasion resistance with dif-
ferent materials. The results of the abrasion tests with
sand paper are presented in Figure 14. Only the samples
printed on PE foil were tested by this means.

Table 2 was created on the basis of the grey scale patch
measurements both for assessing the change in colour

Figure 13: AE*,, parameter changes due to abrasion resistance process, for
loss coated paper receptors, varnish applied with 40 1) em anilox roller

and staining. The measurements were performed using
two different GretagMacbeth spectrophotometers, i.c.
Spectrolino and SpectroEye, with the following measuring
conditions: illuminant D50 and 2° colotrimetric observet.
It should be noted that the values of the AE™,, para-
meter changes described in the standards (International
Organization for Standardization, 1993; International
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Figure 14: A", parameter changes due to abrasion resistance process
with abrasive paper, for PE foil samples, varnish applied with
40 [fem anilox roller

Organization for Standardization, 1993a) apply only to
the measuring conditions involving illuminant D65 and
10° colotimetric observer. The methodology for assess-
ing abrasion resistance is described by Gajadhur (2014).

Evaluation of abrasion resistance (Tables 3-5) was pet-
formed on the basis of samples and receptors meas-
urements (materials used for sample abrasion), by
monitoring the changes with respect to grey scale grades
for assessing change in colour and grey scale, for deter-
mining the transfer staining, respectively. The evalua-
tion was, thus, based on the AE¥,, parameter value after
500 cycles of abrasion on the sample with respect to
the grey scale for assessing change in colour and in case
of receptors with respect to the grey scale for assessing
staining (Table 2).

Table 2: AE™,, changes according o grey scale for assessing the change in colonr and grey seale for assessing the staining

Grey scale for assessing the change in colour grade Grey scale for assessing the staining grade
Grey scale grade AE *ab Grey scale grade AE *ab
5.0 0-0.5 5.0 0-2
4.5 0.5-1.5 4.5 24
4.0 1.5-2 4.0 4-6
3.5 2-3 3.5 6-9
3.0 34 3.0 9-12
2.5 4-6 2.5 12-17
2.0 6-9.5 2.0 17-24
1.5 9.5-13.0 1.5 24-36
1.0 >13 1.0 >36

Table 3: AE™,, parameter changes dwe 1o the abrasion process on the PE foil after 500 rub-off cycles and evalnation of abrasion resistance
according to grey scale for assessing the change in colonr and grey scale for assessing the staining (varnish applied with 22 lfcn anilox roller)

PE foil substrate Sample Receptor Average grey
AFE *ab Grey scale grade AE *nl, Grey scale grade scale grade
Print without varnish 7.34 2.0 3.21 4.5 3.25
Print + Varnish 1 1.38 4.5 0.38 5.0 4.75
Print + Varnish 2 1.53 4.0 0.45 5.0 4.50
Print + Varnish 3 2.15 3.5 0.44 5.0 4.25

Table 4: AE™,, parameter changes due to the abrasion process on the PE foil after 500 rub-off cycles and evaluation of abrasion resistance

according to grey scale for assessing the change in colonr and grey scale for assessing the staining (varnish applied with 40 Ifcm anilox: roller)

PE foil substrate Sample Receptor Average grey
AE™,, Grey scale grade AE", Grey scale grade scale grade
Print without varnish 7.34 2.0 3.21 4.5 3.25
Print + Varnish 1 2.57 35 0.72 5.0 4.25
Print + Varnish 2 1.19 4.5 0.60 5.0 4.75
Print + Varnish 3 2.78 35 0.42 5.0 4.25
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Table 5: N, parameter changes due to the abrasion process on the gloss coated paper after 500 rub-off cycles and evaluation of abrasion resistance

according to grey scale for assessing the change in colour and grey scale for assessing the staining (varnish applied with 40 Ifcm anilox: roller)

Gloss coated Sample Receptor Average grey
paper substrate AF *nb Grey scale grade AF *al, Grey scale grade scale grade
Print without varnish 5.36 2.5 14.49 1.0 1.75
Print + varnish 1 1.85 4.0 2.52 35 3.75
print + varnish 2 1.34 4.5 0.95 4.5 4.50
print + varnish 3 0.73 4.5 0.97 4.5 4.50

An average abrasion resistance grade according to
the grey scale for assessing staining and grey scale for
assessing change in colour is presented in Figure 15
both for the printed paper substrate varnished with the
40 1/cm anilox roller and for the PE printed foil var-
nished with the 22 and 40 1/cm anilox roller. The val-

W Paper

ues for samples without varnishing are also presented.

The pictures of abrasion tested samples before and
after 500 and 5000 rub-off tests are presented in the

Grey scale degree

Figures 16 and 17. Figure 16 shows the samples on PE Print

substrate whereas Figure 17 the pictures taken from
gloss coated paper substrate, both varnished with the

without
varnish

illl

mPE 22 |/cm
mPE 40 I/cm

Print + Print +
Varnish2  Varnish 3

Print +
Varnish 1

40 1/cm anilox roller. Figure 15: An average grey degree for the sample and receptor of
abrasion resistance tested substrates
0 cycles 500 cycles 5000 cycles

Sample without varnishing

Varnish 1

Varnish 2

Varnish 3

Figure 16: Pictures of abrasion fested samples of PE foil (varnish applied with 40 Ifcm anilox roller)
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0 cycles

500 cycles

5000 cycles

Sample without varnishing

Varnish 1

Varnish 2

Varnish 3

Figure 17: Pictures of abrasion tested samples of gloss coated paper base (varnish applied with 40 Ifem anilox: roller)

4. Discussion

It was observed that the varnishing process significantly
improves the abrasion resistance of the prints. It may
be noted that an improvement of at least two grades of
grey scale in the abrasion resistance due to varnish layer
applied onto the prints is observed.

A triple abrasion resistance improvement obtained in
comparison to the prints, which were not protected by
the varnish, was observed for the PE foil substrate. In
the case of gloss-coated paper substrate an approximate
8-9 times abrasion resistance increase was observed rel-
ative to the prints not protected by the varnish. It was
also observed that changes in the parameter AE", are
significantly greater on a paper rather than on a PE foil
substrate in the case of samples not protected by the
varnish. It was also found that the type of varnish, the
thickness of the applied varnish film (using anilox rollers
with 22 and 40 1/cm) and the differences in viscosity of
the varnishes used in the study do not have such a signif-
icant impact on the improvement of abrasion resistance
as the varnishing process itself. The differences in vis-
cosities of applied varnishes resulted in different layer
thicknesses. Presumably the thinner varnish layer was
obtained for the matt sample (Varnish 3) with the low-

est viscosity whereas the thickest for the Varnish 2 with
the highest viscosity. Slightly better abrasion resistance
results were observed for Varnish 2. Perhaps applying an
even thicker layer of varnish than that obtained with the
anilox roller with screen ruling of 221/cm might result
in greater abrasion resistance improvement.

The wide variation of the results for ‘no varnish’ PE foil
prints (Figure 9a, 9b) as well as for ‘no varnish’ paper
substrate prints (Figure 12) could be caused by poor,
stochastic adhesion of the ink. In Figure 13, represent-
ing the receptor of the paper base, such a phenomenon
of wvariation is not observed. The problem also is not
seen in the Figure 14, where a strongly abrasive contact
receptor such as sand paper was used in the studies.

Considering the average surface roughness it could be
deduced that the varnishing process increases the sut-
face roughness for both the gloss paper substrate and
for the PE foil. According to Mesic et al. (2005) it could
be noticed that the greater the surface roughness then
the better is the resistance to abrasion. Reduced abra-
sion resistance of the printed paper substrate without
varnish layer on it despite the high roughness coefficient
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in reference to PE printed, but not varnished foil, may
be caused by the ink penetration into the paper base. In
the case of PE foil, the greater amount of the ink and
varnish remained on the surface of the tested material

5. Conclusions

The need for improved resistance to abrasion and
scratch resistance of water-based flexographic prints
has become ever more relevant recently. It may be noted
that an improvement of at least two grades of grey scale
in the abrasion resistance by applying a varnish layer
onto the prints is observed. In the case of the paper
substrate even three grades improvement was observed
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