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The basic processes applied to provide better printability for paper are surface coating and sizing processes. The desired
outcome of these processes is to fill in and compress the rough areas and cavities caused by the fiber structure of the
paper. As a result, the paper is enhanced in terms of its optical and physical properties. In this study, the effect of
melamine as a coating material on the optical properties of paper was examined. For this purpose, cationic starch sizing
and melamine coating processes were carried out on base paper under laboratory conditions and in accordance with
appropriate standards. Contact angle, total surface energy and FTIR measurements of the paper were performed
according to the standards. Base paper and processed papers were printed with magenta ink by a laboratory type offset
printability device. Then, all the samples were subjected to a lightfastness test. CIE L*a*b*, gloss, whiteness and
yellowness values of all the samples (base paper, printed, unprinted, surface processed) were determined. As a result,
melamine was found to be a suitable filler material for paper coatings, which improves surface properties and increases
glossiness.
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INTRODUCTION

The paper industry has to increase paper
quality due to the increased customer demands
and competition.'” The final quality requirements
for paper, when it reaches the hands of the end
user, depend on its surface properties. In recent
years, the paper industry has focused on
improving the paper surface properties.”” These
properties can be improved by mechanical
treatments, such as calendaring, and chemical
ones, such as sizing and coating.*'" Paper
properties, such as glossiness, whiteness,
yellowness, CIE L*a*b* color values, porosity,
air permeability and surface roughness, play an
important role in print quality.' The surface
properties of paper depend on the base paper
components and surface treatment processes, such
as sizing and coating.'”" As a result of such
surface treatments, the paper is improved both in
terms of physical resistance and optical
properties. The significance of improving paper

surface properties will be better understood, if we
consider that the most important input material in
the printing industry is paper.'®"’

In the sizing procedure, a substance is applied
onto the paper to cover its surface irregularities;
as a result, the penetration of the ink to be printed
on the paper into the bulk of the paper is
prevented. This has two advantages: on the one
hand, lower ink consumption, and on the other,
higher print gloss and optical density can be
obtained.'® The coating procedure is performed to
enhance paper properties, so it can meet higher
expectations. This process consists in applying a
formulation containing pigments, binders and
some additives onto the paper surface. Thus, a
smoother surface and better printability properties
are obtained. Ink absorption decreases, while
gloss increases.'””' The use of starches as a
binder is very common due to their low cost and
wide availability.”” The main difference
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between coating and sizing lies in the addition of
pigments to the formulation used for coating the
paper surface to increase print quality.”*™’

In cases where the printed sample is exposed
to sunlight, such as in the case of outdoor
advertising, fading over time is common and
damaging to the product functionality. Fading is
mostly caused by UV irradiation, but it may be a
mistake to attribute fading only to the light. In
such cases, it is possible to make predictions by
carrying out a lightfastness test.”*>*

Energy differences between a liquid and the
surface of a material are explained by surface
energy and surface tension. Molecules repel each
other when farther away, and at some in-between
distance they neither repel nor attract each other.
Inside a liquid, the molecules usually repel each
other slightly, just enough to counteract the
pressure applied by the surroundings to the liquid.
However, the molecules at the surface are farther
apart than the neutral distance and therefore they
attract each other. This attraction is necessary if
surface molecules are to be kept from moving
from the surface into the liquid. Wetting explains
the flow of a liquid over the material’s surface. If
wetting is proper, adhesion is strong due to
maximum contact.*

The contact angle is the angle that a liquid
drop deposited on a solid surface makes with the
horizontal axis, and it is related to the surface
energy of the substrate and the surface tension of
the liquid. The contact angle can shed some light
on sizing performance. It is the standard test
method used to evaluate the wettability of paper
surface.*

Melamine, a trimer of cyanamide, with a
1,3,5-triazine skeleton, is an organic compound
that is an important component of thermosetting
coatings."™* The melamine can be also
incorporated into paper during manufacturing to
provide more age-resistant paper.*

Melamine was widely used in plate marketing,
but due to design development, the use of
melamine has gradually decreased and the
necessity of finding other uses for melamine has
arisen.

In this study, melamine was added as filler in
paper coating formulations and the effect of
melamine addition on the surface properties and
the printability of the paper were examined.

EXPERIMENTAL

In order to analyze the effect of melamine coating
on the optical, surface and printability properties of
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paper, sizing with cationic starch and melamine
coating were performed on base paper under laboratory
conditions. The parameters of the base paper used in
this study are given in Table 1.

Cationic starch-based surface sizing was applied to
the base paper. The sizing formulation applied
consisted of 7.5% concentration of cationic starch,
which was heated up to 90 °C, and the resulting hot-
surface sizing solution was cooled to 60 °C and then
applied onto the paper surface using a Mayer rod
number 2 in a laboratory-type paper coating machine.
In the second stage of this study, the same preparation
process was applied for the paper coating formulation,
but 2.7% melamine was also added to the first mixture.
The formulation was applied to the paper surface using
the Mayer rod in a laboratory-type paper coating
machine under laboratory conditions.

The yellowness and whiteness measurements of
unprinted papers were made according to the ASTM
E313 standard, where X, Y and Z are the CIE
Tristimulus values, and the coefficients depended on
the illuminant and observer, as indicated in the
standard. The yellowness index could be calculated
only for illuminants D65 and C.

Yellowness E313 = 100 &%
! ey

The original, sized and coated papers were printed
with Dyoboard DB-5600 Process Magenta commercial
offset printing ink, using an IGT C1 offset printability
test device, under 400 N/m’ pressure printing
conditions. CIE L*a*b* values of the print results were
measured wusing an X-Rite eXact hand-held
spectrophotometer, according to ISO 12647-2:2013, in
the spectral range from 400 nm to 700 nm, under a
D50 light source, 2° observer, polarized filter and
0/45-degree geometry. The color difference formula is
given below. Calculations were made by taking the
average of five measurements. AL*, Aa*, Ab*:
difference in L*, a* and b* values between the
specimen color and the target color. Lightness is
represented by the L* axis, which ranges from white to
black. The red area is connected to the green one by
the a* axis, while the b* axis runs from yellow to blue.

AE = VAL? 4+ Aa? + Ab?
&)

Gloss measurements were made with a BYK-
Gardner GmbH glossmeter according to ISO
2813:2014, 60° geometry. All the printed and
unprinted samples were subjected to the lightfastness
test in accordance with BS 4321:1969 standard.
Following the light aging test, CIE L*a*b*, gloss and
yellowness measurements were performed one more
time for all the samples.

For the lightfastness evaluation procedure, first of
all the CIE L*a*b* color values and gloss of the
samples were measured. Then, the printed and
unprinted samples were exposed to light aging in a
sealed cabinet on a Solarbox 1500 device under



constant UV light for 192 hours according to BS 4321-
1969 standard. The CIE L*a*b* color and gloss values
of the printed and unprinted samples exposed to fading

Table 1

Paper

were measured one more time, and the differences
between the initial values and the values measured
after the lightfastness test were calculated.

Parameters of the base paper used in the study

Properties Standard Paper

Grammage (g/m’) ISO 536 80

Thickness (um) TAPPIT411 190

Whiteness (D65/10) (%) ASTM E313 99

Gloss (TAPPI 60°/75°) T480 om-92 4.9

Yellowness ASTM E313  0.06
Table 2

Total surface energy values according to ASTM D5946

Process

Total surface energy

Base paper
Cationic starch
Melamine

34.7
47.0
48.8

-

b

-

T

T

Figure 1: Contact angles of a) base paper, b) cationic starch sized paper, and c) melamine coated paper

The contact angle and total surface energy
measurements of the papers were performed by a
PocketGoniometer PGX+ in accordance with ASTM
D5946 standard. The chemical structures of the base
paper, cationic starch sized and melamine coated paper
were identified using a Perkin-Elmer Spectrum 100
ATR-FTIR spectrophotometer (WA).

RESULTS AND DISCUSSION

The total surface energy results (Table 2)
indicate that the base paper has the lowest surface
energy, while the melamine coated sample has the
highest surface energy value. This is most likely
due to the hydrogen bonding between melamine
and cationic starch.** The surface energy and
contact angle values were compatible with each
other.

It may be observed from Figure 1 that when
the base paper is sized with cationic starch, the
surface contact angle is reduced and results in
higher wetting. This is because the -OH groups on
the surface of cationic starch cause more

hydrogen bonding with water and an increased
interaction, that is, an increase in adhesion
strength. However, when the contact angle results
are examined, it may be noted that the best
wetting is achieved on the melamine coated
surface. For this reason, besides the hydroxyl
groups of cationic starch in the medium, the
melamine -NH, groups increase the amount of
hydrogen bonding and generate a higher adhesion
force. As the adhesion forces between a material
and a water molecule are higher than the cohesive
forces of water, the wetting becomes easier and
the contact angle is lower. The results are
consistent with those reported in the literature.*
ATR-FTIR spectra of the paper samples are
shown in Figure 2. Figure 2a reveals the
characteristic -OH vibration of cellulose at 3333
cm’, the symmetric aliphatic C-H stretch
vibration of methylene at 2898 cm’!, the C-O-H
deformation in cellulose at 1025 cm” and the
aromatic C=C stretching vibrations at 1420 cm™.
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These peaks clearly reveal the chemical structure
of the cellulosic paper. The ATR-FTIR results are
compatible with those described in the literature.*

Figure 2b shows that the aromatic C=C
stretching vibrations at 1420 cm™ shifted to 1357
cm’l, while the -OH vibration at 3300 cm’
intensified. These results are in agreement with
those from the literature.”” Figure 2b supports the
chemical structure of cationic starch sized paper.
Figure 2c exhibits the spectrum of melamine and
cationic starch coated paper. It is clearly observed
that the NH, peak splits into two at 3467 cm’,
while the characteristic -OH vibration of cellulose
and starch is still present in the spectrum. Also,
the peak at 1427 cm™, attributed to C-N stretching
of cyclo melamine, and that at 1548 cm’
corresponding to the side-chain asymmetric C-N
stretching and C-N ring stretching of melamine
indicate the presence of melamine as a filler
material in the coating formulations and that it
was not decomposed during the reaction. The
chemical structure is in consistency with the
literature reports.**

As shown in Figure 3, the unprinted base
paper has a lower gloss value than the coated and
sized papers, while the highest gloss value is

%T

3300

obtained for the sized paper. The increase in
glossiness is directly proportional to the increase
in print quality. Surface roughness was reduced
upon the addition of the cationic starch used in the
sizing process, as it covered the surface of the
cellulose fibers, thereby increasing the gloss. The
gloss value of the sized papers was higher than
that of the base paper. This was an expected
result. The paper fibers were fixed with cationic
starch, but the presence of melamine in the
formulation created some roughness. The result
was that the gloss of the coated papers was lower
than that of the sized papers. Similar results are
also found in the literature.”” When the gloss
values of the printed papers were examined, it
could be concluded that the gloss increased as a
function of the pre-print conditions, and the
greatest increase in gloss was seen in the paper
subjected to melamine coating.

When the gloss values were examined after
light exposure (Fig. 4), it was found that all the
gloss values were partially reduced due to fading.
The greatest gloss reduction was noted for the
sized papers, while the gloss value decreased less
for the melamine coated papers.

4000 3600 3200 2800 2400 2000

Figure 2:
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Figure 3: Gloss values before and after printing
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Figure 4: Gloss values after light exposure
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Figure 5: Yellowness values after light exposure of the paper

Color difference AE and Ab

Sample

Base paper

Sized paper

Melamine coated paper
Printed base paper
Printed sized paper

Printed melamine coated paper

AE Ab
15.8  17.72
14.83 16.87
1478 16.74
2.1 1.36
2.02 3.73
1.82 2.18

Table 3 shows that the cationic starch coating
reduces the differentiation in color and the
addition of melamine makes this reduction even
more apparent. The greatest difference between
the colors was seen in Ab, that is, the yellowness-
greenness color characteristic. Unprinted paper
clearly turned yellow when exposed to UV light
degradation. The results in Table 3 clearly
indicate that the coating and sizing procedures can
reduce this yellowness value. When the light
fastness results of the printed samples were
examined, it could be noted that the color
difference of the unprinted papers decreased

extensively upon printing. When the color
differences of the prints were examined among
the printed samples only, the largest difference
was observed in the untreated paper, while the
coating and sizing procedures reduced the color
difference. The results were found to be
consistent with those reported in the literature.”
Based on the results, the greatest AE component
was obtained in Ab, that was yellowness-
greenness, the colors yellowed after UV light
exposure, but the addition of melamine reduced
the yellowing of the cationic starch.
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When the yellowness values of the printed
samples were examined (Fig. 5), it could be seen
that the highest yellowness value was found in the
base paper, the yellowness value decreased in the
papers treated by sizing and their color shifted
towards blue. The addition of melamine reduced
this shift. It was found in the light fastness test
that the sizing and melamine coatings with
negative yellowness values had positive values;
the lowest yellowness value was still obtained for
the sized papers, while the melamine coating
reduced the yellowness value compared to that of
the base paper.

CONCLUSION

The present study allowed drawing the
following conclusions.

Cationic starch-based sizing of the paper
surface improves the gloss value as it increases
surface smoothness. It was found that melamine
coating increased the gloss in printed products.
Also, exposure to UV light reduces gloss, while
the coating with melamine reduces this decrease
in gloss.

The study revealed that the surface treatments
reduced color changes: yellowing in paper occurs
after exposition to light, while the addition of
melamine reduces the yellowing on printed paper.
When the yellowness values were examined, it
was concluded that the value of yellowness
decreased for the surface treated papers and the
print quality increased.

The highest wetting occurs on melamine-
coated surfaces. Thus, printing becomes easier
and more effective upon the addition of
melamine. As starch sizing increases the amount
of hydrogen bonding in the base paper, the starch
sized paper presented better wettability than the
base paper, while the melamine coating further
increased the amount of hydrogen bonding. Thus,
the best wettability results were noted for the
melamine coated paper. Surface energy and
contact angle values were found to be compatible
with each other.

The ATR-FTIR analysis confirmed the
application of cationic starch sizing and melamine
coating onto the cellulose paper. Because the
chemical structure of melamine is not changed, it
is possible to use it as a filling material in paper
coating. Also, it was observed that melamine
coating improved the printability parameters of
paper and enhanced quality printing.
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