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Abstract: Dispersion coating may represent an alternative technology to extrusion coating, currently
dominating the market of coated paper-based packaging. Being processed as inks, dispersion coatings
can be applied with conventional equipment, achieving lower dry coat grammages. In this work, two
styrene-butadiene-based (Tg; = 0 °C; Tgp =2 15 °C) dispersion coatings filled with different amounts
of kaolin were developed and rod-coated on two different paper substrates. The samples were tested
for water, moisture, and grease barrier properties. Kaolin-containing formulations showed moisture
barrier as low as 15 g/(m?-day), as well as grease barrier higher than 24 h. The best formulation
involved 20% by weight of kaolin, whereas higher amounts were detrimental for water barrier,
beneficial for moisture barrier, and slightly detrimental for grease barrier properties. Benchmarked to
two commercial grades, kaolin-filled coatings strongly improved grease barrier, yet achieving similar
moisture barrier.

Keywords: paper packaging; clay; dispersion; barrier coating; latex

1. Introduction

Recently, cellulosic substrates gained much interest from the packaging industry
as they are regarded to be much more sustainable solutions compared with polymeric
solutions. However, cellulosic substrates cannot guarantee barrier properties that are
comparable to polymeric counterparts without any functionalization. In particular, due
to the highly hydrophilic nature of cellulose, water barrier properties represent a crucial
limit [1]. Barrier improvement can be achieved in different ways, such as internal sizing,
surface sizing, and surface coating [2—4], yet numerous packaging solutions on the market
are surface-coated. Extrusion coating, lamination, and dispersion coatings represent three
main surface coating technologies, despite that only the first two are dominating the
market [5].

Dispersion coatings can be defined as (water-based) colloidal dispersions of polymeric
particles, plus other additives, such as defoamers, dispersants, and possible functional
fillers [6,7]. Early studies and applications date back to the 1940s [8]; despite being widely
used for printing paper grades, it was only recently that dispersion coatings gained much
interest in the industry for barrier purposes, boosted by the transition from plastic to
paper-based packaging. Additionally, such technology was boosted by stringent directives
increasingly asking for the reduction of noncellulosic content in the packaging to fulfill
design guidelines for improved recyclability [9-11].

Several companies are producing on an industrial scale polymeric latices used in
coating formulations. Such products are generally based on styrene-butadiene and styrene-
acrylate latices, as reported in the literature [12]. Previous literature [13-19] widely focused

Coatings 2023, 13, 195. https://doi.org/10.3390/coatings13010195

https:/ /www.mdpi.com/journal/coatings


https://doi.org/10.3390/coatings13010195
https://doi.org/10.3390/coatings13010195
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/coatings
https://www.mdpi.com
https://orcid.org/0000-0002-2646-8686
https://orcid.org/0000-0003-4785-2473
https://doi.org/10.3390/coatings13010195
https://www.mdpi.com/journal/coatings
https://www.mdpi.com/article/10.3390/coatings13010195?type=check_update&version=1

Coatings 2023, 13, 195

20f16

on DOW’s styrene-butadiene latices, for example, on DL 966 grade; however, such specific
grade is no more available on the market.

Moreover, previous studies focused on the addition of functional inorganic fillers,
which are already widely used in the paper-based packaging industry [13-15,19-22] as a
top coat to improve printability and glossiness or to improve moisture barrier properties of
the coated substrates.

On the contrary, recent academic studies focused their attention on biobased polymers
and additives, such as polysaccharides, proteins, and fatty acids [22-27]. However, at
present, such solutions are produced mostly at a laboratory scale, with some EU-granted
projects trying to scale them up, for example, R3PACK (https:/ /www.r3pack.eu/ (accessed
on 1 December 2022)), CelluWiz (http://www.celluwiz.eu/ (accessed on 5 June 2022)),
and Ecofunco (https://www.ecofunco.eu/ (accessed on 5 June 2022)). Current issues may
be related to feedstock availability, extraction process, or its yield, as well as—generally—
higher cost.

Focusing on the readily available solutions for a large-scale application—that is, based
on already-industrialized latices and fillers—this paper aims to formulate and test new
experimental formulations involving styrene-butadiene latices filled with kaolin as a func-
tional filler to improve barrier properties; at the same time, the authors benchmark such
performance against current formulations available commercially.

2. Materials and Methods
2.1. Substrates

In this work, two virgin kraft fiber substrates were considered:

e  Mondi Group (Weybridge, UK) ProVantage Komiwhite (125 g/m?), a white top kraft
liner (KB);

e  MetsdBoard (Espoo, Finland) MetsdBoard Pro WKL (145 g/ m?), a double-coated white
top kraft liner (KP).

Such paper grades are already used in paper- and corrugated-board-based packaging
and represent solutions for both flexible packaging and rigid packaging, if processed as top
liners for corrugated board. The main difference between the two papers is in the porosity
of the side to be coated, that is, lower porosity for KP due to the double top coating.

2.2. Commercial Coatings and Experimental Coatings Formulation

In order to compare performances with those of present commercial products, two
commercial barrier-coating grades were considered in this work:

e  SB-B: styrene-butadiene dispersion coating with a dry solid content of 50% (on a
weight basis); the formulation does not involve inorganic fillers.

e  SA-B:styrene acrylate dispersion coating with a dry solid content of 46% (on a weight
basis); the formulation does not involve inorganic fillers.

Both commercial coatings were used as provided. Stirring with a magnetic anchor at
500 rpm occurred for 30 min before the coating application. Fourier-transform infrared
spectroscopy (FTIR) analyses using a Thermo Scientific (Waltham, MA, USA) Nicolet iS 10,
and differential scanning calorimetry and thermogravimetric analyses (DSC-TGA) using a
TA Instruments (New Castle, DE, USA) SDT Q600 are reported in Appendix A.

Regarding the experimental formulation, two styrene-butadiene latices were kindly
provided by Trinseo (Horgen, Switzerland):

e  HPH 39: styrene-butadiene latex, Tg = 0 °C, dry solid content 54%.

e  HPH 40: styrene-butadiene latex, Tg = 15 °C, dry solid content 53%. This grade is
reported by Trinseo to be similar to DL 966, the grade widely reported in previous
literature [14,15].

Kaolin was used as a filler in experimental formulations. The specific grade was Cam-
Coat 80 from Amberger Kaolinwerke (Hirschau, Germany), provided as pellets. Particle
distribution is reported in Table 1. EXOlat C40 sodium polyacrylate, kindly provided by
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PCC Exol SA (Brzeg Dolny, Poland), was used as a dispersant (0.16% dry on dry pigment).
The experimental formulations were developed at a constant dry solid content of 50%.

Table 1. CamCoat 80 particle size distribution.

Size %
<2 um 62
<1 um 45

<0.2 pm 10

For both HPH 39 and HPH 40 latices, four formulations were considered, as reported
in Table 2.

Table 2. Experimental coating formulations for HPH 39 and HPH 40 styrene-butadiene latex.

Latex: Filler

Abbreviation 1 Latex Filler Ratio (%)
H39K 100 HPH 39 Kaolin 100:0
H39K 80 HPH 39 Kaolin 80:20
H39K 60 HPH 39 Kaolin 60:40
H39K 40 HPH 39 Kaolin 40:60
H40K 100 HPH 40 Kaolin 100:0
H40K 80 HPH 40 Kaolin 80:20
H40K 60 HPH 40 Kaolin 60:40
H40K 40 HPH 40 Kaolin 40:60

1 K stands for kaolin.

Before any use, and similar to the commercial grades, the experimental formulations
were stirred with a magnetic anchor for at least 30 min at 500 rpm.

2.3. Sample Preparation

Paper substrates were coated with a Meyer K-Bar (12 pm wet film thickness). The
coating process was carried out manually at a constant speed of 40 mm/s.

After the coating, the wet-coated paper was placed in a frame (open on both the top
and bottom) to reduce possible curling yet unaffecting heat access to the surface, and dried
in an oven at 120 °C for 90 s. After cooling down at room conditions, squared samples
(80 mm per side) were cut and conditioned at 23 &+ 1 °C and 50 =+ 2% relative humidity
for at least 24 h prior to any characterization. A total of three test samples were prepared
for each test. Uncoated (UC) samples were used as a reference to detect the effect of the
addition of a coating layer. The thickness of each coated sample was calculated from the
composition of the formulations—the density of the latex was to p = 1.05 g/cm?, and the
kaolin one to p = 2.6 g/cm3.

2.4. Water Absorption (Cobb Test)

The water barrier property was evaluated with a Cobb 1800 test. The test aims to
evaluate the water absorptiveness of the sample after a given time under 10 mm deep
water, to be calculated as weight difference before and right after the test (Equation (1)):

mp —mop

Water Absorptiveness (Cobb 1800) = "

¢y
where m is the final sample mass (in grams), my is the initial mass (in grams), and A is the
test area (in m?).

As defined in BS EN ISO 535:2014 [28], the samples underwent a 30 min test time
at a temperature of 23 £ 1 °C and a relative humidity of 50 &= 2%. Due to the specimen
dimension, the test area was set to almost 40 cm?.
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2.5. Moisture Permeability (Water Vapor Transmission Rate)

Water vapor transmission rate (WVTR) evaluates the moisture transmission through-
out a given sample in time. In the gravimetric method, the mass gain is due to a desiccant
absorbing humidity while generating a water vapor pressure differential. WVTR was cal-
culated from the steady slope of mass gain in time of the cup, as described in Equation (2):

WVTR = 247'“ @)

where a is the steady slope (in g/h), A is the test area (in m?), and 24 is the conversion
factor to achieve a WVTR measured in g/(m?-day).

WVTR was measured using cups filled with 35.0 £ 0.1 g silica gel—according to BS
ISO 2528:2017 [29]—for 48-96 h, depending on the barrier performance. The coated side
of the samples faced the inner side of the cups. The test area of the samples was almost
20 cm?. Environment conditions were 23 + 1 °C and 50 + 2%, as in previous tests.

2.6. Grease Permeability

The grease permeability test allows us to determine the resistance of a paper—or
coated paper—to grease permeation through the substrate or substrate-coat system. In the
test, a disk of grease (3 mm thick) was laid on the surface, and a defined weight applied onto
it. The test was carried out with palm kernel oil in accordance with BS ISO 16532-1:2008 [30]
to assess the show-through time. The maximum test time was set to 24 h, as defined in the
previously mentioned standard.

Contrary to Cobb 1800 and WVTR, higher grease permeability values represent higher
barrier properties.

2.7. Scanning Electron Microscope

Coated and uncoated samples were gold-sputtered and analyzed by scanning electron
microscopy (SEM) using a ZEISS EVO 50 (Zeiss, Wetzlar, Germany) electron microscope.
To retrieve surface morphology, 100x, 250 %, and 500 x magnifications were used, while
magnifications ranging between 1000 x and 5000 x were used to evaluate the cross section
of the films. Images were analyzed using Image] v1.53e.

2.8. Spectrophotometry

All the samples were analyzed with a portable Konica Minolta CM-2500d (Konica
Minolta, Chiyoda, Tokyo, Japan) spectrophotometer with D65/10° color space to retrieve
the specular component excluded (SCE) CIE L*a*b* color coordinates as well as 8° gloss.
AE* (CIEDE2000) color difference against uncoated samples was calculated and evaluated
as described in [1].

2.9. Normalization

The results in this work were normalized to a 7 um dry coat thickness, calculated
over an exponential curve that passes through the uncoated substrate experimental data
(Figure 1).

The normalization is due to kaolin, whose density (almost 2.5 times higher than one
of the commercial dispersion coatings) strongly influences the coating thickness at an
equal dry coat grammage. If neat polymeric dispersion coatings were exclusively used,
normalization on the dry coat grammage would have worked as well.
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Figure 1. Representative normalization curve (H39K 80 over KP substrate—Cobb test).

3. Results
3.1. Sample Preparation

The coated samples achieved an average dry coat thickness of 7.2 & 2.5 um (represen-
tative SEM micrographs are reported in Appendix B). The high standard deviation is due
to the presence of kaolin in the experimental formulations. Whereas kaolin ratio and dry
coat density are directly proportional, coat thickness is inversely proportional to kaolin
content. Indeed, at a given dry solid content in the experimental formulations, a higher
kaolin content means a lower dry volume deposited, hence a reduced coat thickness.

All formulations were successfully applied to the substrates. However, some issues
were encountered while applying H39K 100 and H40K 100 to KP. As represented in Figure 2,
the observed issues were related to visible defects.

(@) (b)

Figure 2. (a) H39K 100 coating over KP substrate after drying: grooves affect the aesthetical and

perceptive properties of the coated sample; (b) SEM micrograph (magnification: 250 x) showing the
grooves at a larger scale. Image] processing shows peak distance of around 150 um.

Specifically, stripes were attributed to the wire wound on the K-Bar, as confirmed
by SEM micrographs. Indeed, Figure 2b was analyzed with Image] in 15 different points,
measuring the average peak distance of the grooves. The results report a 150 &+ 6 pm
average distance, which corresponds to the diameter of the wire wound on the K-Bar. Such
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phenomenon disappears as kaolin is added to the formulations, showing how it is related
to the pure latex. It must be noted how, in general, H39K 100 and H40K 100 coatings
are sticky—regardless of their Tg—possibly leading to blocking when processed in an
industrial plant.

3.2. Cobb Test

The Cobb 1800 test results are reported in Figure 3. As clearly visible, the commercial
coating grades (i.e., SB-B and SA-B) seem to better perform on both considered substrates,
despite SB-B performing similarly to experimental formulations on the more porous sub-
strate, namely, KB.

Cobb 1800
(results normalized to 7 pum dry coat)
160 uC
— 140 1 SB-B
8 SA-B
5 120 >
2 H39K 100
00 T
5 o = H39K 80
R m H39K 60
2 60 B H39K 40
g 40 s 1 H40K 100
2 20 | B Ehall-- . HA40K 80
L L = H40K 60
I - -
0 - ] m H40K 40
KB KP

Figure 3. Water absorptiveness (Cobb 1800) values for the uncoated (UC), commercial (SA-B and
SB-B), and experimental dispersion coatings.

On the other hand, experimental formulations proved the role of the kaolin filler to
be detrimental to water barrier properties. Indeed, the higher the filler content, the worse
the barrier. There can be at least two explanations to such behavior. A first motivation can
be related to the higher kaolin content that determines a formulation closer to the critical
pigment volume concentration (CPVC), which is reported to be around 43% [31]—meaning
a critical pigment mass concentration of around 65%, given a kaolin density of 2.6 g/cm?.
Therefore, increasing the filler content to 60% by weight implies a higher coating porosity,
leading to a higher roughness, as in Figure 4, thus a lower film continuity. An additional
reason can be the higher surface wettability of the experimental coatings compared with
the commercial ones (see Figure 5). This is attributed to the more hydrophilic behavior
of the experimental formulations, which is due to the hydrophilic surfaces of kaolin [32].
Consequently, kaolin decreased the water barrier of the coatings containing up to 40% by
weight of kaolin by attracting and possibly providing passage to water molecules through
the coating itself. Instead, for the formulations containing 60% by weight of kaolin, the
factor playing a major role in worse Cobb 1800 values seemed to be the entrapment of
water molecules in the coating pores.

For the experimental coatings, it is possible to observe from Figure 3 how, in general,
Cobb 1800 values reach a minimum with a kaolin mass content of 20%, whereas higher
concentrations lead to worse properties, which was attributed to a lower latex continuity
throughout the coating. Indeed, Cobb 1800 results limit the fields of application for the
experimental formulations, excluding packaging for liquids and very wet content, for
example, soups and porridge.

Comparing the effect of the substrate, the experimental formulations generally showed
worse performance on the KP substrate. Although a lower substrate porosity generally
allows better film homogeneity—hence a higher barrier—latex intrinsic stickiness made its
application over such a smooth substrate challenging.
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Figure 4. Surface morphology of KB H39K 40 (magnification: 2000 x ). The sample results are rough
due to the high filler concentration.

I

() (b)

Figure 5. Different coating wettability. (a) SA-B over KB: water droplets are clearly visible; (b) H39K
80 over KB: water is evenly spread across the tested surface.

3.3. WVTR

The moisture barrier property showed to strongly improve compared with uncoated
paper substrates, as represented in Figure 6. From almost 350 g/(m?-day) WVTR, the
coatings reached values strictly lower than half of UC ones. Moreover, excluding H39K 100
and H40K 100—which still showed good performance—the coatings reduced the WVTR
by more than 85%, compared with UC.

Despite its double original coating—which contains mineral fillers—the Cobb 1800
and WVTR barrier properties of UC KP are close to UC KB ones. On the contrary, the
addition of experimental formulations significantly reduced the WVTR, achieving values
down to 10-20 g/(m?2-day) for the less porous paper. The presence of kaolin leads to
improved performance, compared with pure latices; still, the results in Figure 6 do not
show a significant difference among the different filler ratios for KP. Additionally, the
presence of kaolin platelets allows us to achieve values similar to commercial coatings
(i.e., SB-B and SA-B), strongly improving the WVTR of pure latices. Finally, the results in
Figure 6 clearly show that a lower substrate porosity is essential to achieve better barrier
properties due to lower coating defects and higher thickness homogeneity.
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WVTR
(results normalized to 7 um dry coat)
400 -
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— 300 SA-B
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Figure 6. WVTR values for the uncoated (UC), commercial (SA-B and SB-B), and experimental

dispersion coatings.

3.4. Grease Permeability

Grease permeability was successfully improved compared with UC samples, where
KB has a resistance of a few seconds and KP of up to 7 min. The results are reported in
Figure 7. It is possible to observe differences as high as two orders of magnitude, depending
on whether the KB or KP substrate is considered.

Grease permeability
(results normalized to 7 pm dry coat)

10,000 uc
* * * m SB-
* = * - 5 u SB-B
il * SA-B
SA-b
S 1000 I T I *E
: z H39K 100
§ ii H39K 80
; 100 i I m H39K 60
v i
. | II m H30K 40
g A | H40K 100
o 10 | Z
| I HA40K 80
\
‘1 m H40K 60
! - o m H40K 40
KB KP

Figure 7. Grease permeability values for the uncoated (UC), commercial (SA-B and SB-B), and
experimental dispersion coatings. An asterisk (*) represents the samples that reached the end of the test.

According to the considered standard [30], the test ends after 24 h. In this work, it was
observed how several sample conditions resisted the ultimate test time, especially if coated
on KP. Therefore, actual resistance is higher than 1 day. Such conditions are highlighted
with an asterisk in Figure 7.

In general, kaolin-filled experimental dispersion coatings showed higher grease barrier
performance compared with H39K 100 and H40K 100. Moreover, kaolin-filled H39K
formulations reached similar values on KB and KP substrates. Such behavior confirms, as
for the WVTR performance, the beneficial presence of kaolin in the formulation. Despite
some high standard deviations (even a small defect that allows grease permeation forces the
test end), it generally seems how the best-performing experimental formulation contains
around 20% of kaolin (dry mass weight).

3.5. Spectrophotometry

CIE L*a*b* coordinates for KB and KP substrates are reported in Figure 8. As clearly
visible, the addition of kaolin slightly decreases a* coordinate and increases b* one, moving
towards green-yellow hues. Lightness, generally, is reduced for every coated sample
compared with UC samples.
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Figure 8. CIE L*a*b* coordinates for the investigated substrates and coatings. (a,b) L*-a* and L*-b*
coordinated for the KB substrate. (¢,d) L*-a* and L*-b* coordinated for the KP substrate.

Nevertheless, considering AE* (CIE2000) values (Table 3), values below 2 are generally
considered not perceivable by the human eye. Only highly filled experimental coatings in-
volving the HPH 40 latex showed color variations slightly higher than 2 for both substrates
considered in this work. Additionally, commercial coatings are characterized by the lowest
color variation.

The most interesting value, however, is related to the glossiness of the surface (Figure 9).
Indeed, regardless the coating, the substrate generally achieved higher glossiness values. It
can be observed how increasing kaolin amounts—for almost every experimental coating—
significantly reduces the glossiness of the coating. This is not true for H40K 100, where the
coating defects (as of Figure 2) strongly influenced the measurements, as highlighted by
the high standard deviation.
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Table 3. Experimental coating formulations for the HPH 39 and HPH 40 styrene-butadiene latex.

Substrate Coating AE* Substrate Coating AE*
(CIE2000) (CIE2000)
KB ucC - KP ucC -
KB SB-B 1.2 KP SB-B 0.7
KB SA-B 0.9 KP SA-B 0.8
KB H39K 100 1.2 KP H39K 100 1.4
KB H39K 80 1.3 KP H39K 80 1.6
KB H39K 60 1.4 KP H39K 60 1.1
KB H39K 40 1.8 KP H39K 40 22
KB H40K 100 1.2 KP H40K 100 1.1
KB H40K 80 1.4 KP H40K 80 1.6
KB H40K 60 1.8 KP H40K 60 2.0
KB H40K 40 1.7 KP H40K 40 2.7
140
UC
120 I mSB-B
100 SA-B
7 o T H39K 100
S 80 I I H39K 80
:O % m H39K 60
% 1 I - W H39K 40
10 | H40K 100
>0 1 & H40K 80
T = m H40K 60
0 m H40K 40
KB KP

Figure 9. 8° glossiness for each substrate and coating involved in this study.

4. Discussion

Over KB, generally, HPH 39-based formulations performed better compared with
HPH 40; however, over KP, it was the opposite. Since the KB substrate is of higher industrial
interest due to its lower price, HPH 39 should be preferred as the latex in the developed
dispersion coatings. Lower Tg implies a softer polymer at a given temperature, hence
a higher chain mobility; moreover, lower Ty is reported to be beneficial to spread over
kaolin [33]. Despite lower T also meaning a tendency to blocking [19], the addition of
kaolin—or pigments, more in general—is reported to be beneficial, reducing such behavior.

The water barrier (Cobb 1800) properties proved to be better compared with a previous
extensive work [34], especially considering a similar pigment ratio and a despite lower
aspect ratio. Unfortunately, the water barrier property is not commonly evaluated in
similar works, where WVTR was preferred. Water barrier is quite limited compared with
commercial grades (Figure 3); however—as it is the case for this work—the Cobb test time
is the most restrictive among the ones reported in the respective standard.

Comparing WVTR results with other works [14,35,36], it seems that the mass fraction
of kaolin in the coating formulation does not widely affect WVTR, given that kaolin
addition in the coating formulation is beneficial to moisture barrier properties. The results
are coherent despite a higher kaolin aspect ratio in [14,34], which should be beneficial to
obtain better moisture barrier properties; additionally, WVTR values are coherent with
other works using a different filler [21].

The grease barrier properties of filled experimental formulations improved compared
with unfilled formulations (i.e., H39K 100 and H40K 100), showing the positive effect of
kaolin. A previous work [37] showed that kaolin did not influence grease barrier properties;
however, it must be considered that polyvinyl alcohol, which was used in the formulation,
already showed high grease barrier properties. Although the TAPPIT 559 (kit test) and ISO
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16532-1:2008 [30] methodologies are different, similar latex and pigment formulations [34]
coherently report how grease barrier properties are improved by kaolin addition.

The commercial grades involved in this study as a reference, namely, SB-B and SA-
B, have interesting properties. It seems that, compared with SA-B, SB-B provides better
grease yet worse water barrier properties. Despite good WVTR, grease barrier is the main
drawback for the commercial grades. The addition of kaolin is then a simple yet effective
way to overcome this.

As initially mentioned, the presented results were normalized over the coating thick-
ness instead of dry coat grammage due to the increasing kaolin content of the experimental
formulations, as kaolin-containing formulations are characterized by up to almost double
coating density. Unfortunately, a higher coating density is negative when the noncellulosic
content of the packaging is calculated. Indeed, comparing two coatings with the same
thickness and equivalent barrier properties, kaolin-containing solutions would increase the
noncellulosic content ratio of the packaging material, which is calculated by mass. Consid-
ering recyclability issues, it is widely reported how the fiber content of the paper-coated
material should be maximized in content to ease the recycling yield and recyclability of
the substrate [9,10,38]. A higher nonfibrous content may be acceptable if the content is
preserved and its shelf life guaranteed, since the content itself may have a higher relative im-
pact than the packaging itself [39]. Nevertheless, in the 4evergreen alliance document [40],
all of the substances used in this context (styrene-butadiene, styrene acrylate, and kaolin)
are reported to be fully compatible with standard recycling paper mills.

The addition of kaolin changed the aesthetic characteristics of the coated samples,
especially in terms of reflectance. In Figure 10, it is possible to appreciate the aesthetic
difference among experimental coating formulations.

H39K 100 H39K 80 H39K 60 H39K 40

Figure 10. Different qualitative glossiness for H39K 100, H39K 80, H39K 60, and H39K 40 coatings
over KB—pictures taken in the same light conditions. As the kaolin content increases, the coated
surface reduces its glossiness—as visible in the lower half of the samples—giving a soft touch
aesthetic aspect.

Future works may investigate the consumer perception and aesthetic sensorial prop-
erties with a view to packaging end-of-life, understanding whether such properties can
influence the consumer behavior or suggest the right practice alongside the environmental
label, strictly required for packaging.

Finally, barrier properties can be influenced by the substrate porosity, as shown in
this work and previously reported [19]. Lower substrate porosity allowed higher moisture
and grease barrier properties for commercial coating, despite worse Cobb values, but
only for experimental formulations. Both the effect of hydrophilic surfaces of kaolin and
the obstacle in coating pure experimental latices influenced such behavior. A possible
polymeric precoating over KB could be investigated to allow for a reduced substrate
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porosity, yet it is considered that kaolin would still negatively influence to some extent the
water barrier properties.

5. Conclusions

Experimental formulations filled with an increasing kaolin content were successfully
obtained, applied, and tested. Due to the nature of kaolin, water barrier properties were
limited, yet moisture and grease barrier properties were very good. Experimental coatings
were benchmarked with commercial coatings, showing how moisture barrier was similar,
whereas the grease one achieved even better results, up to double resistance. The optimal
results were obtained with formulations filled with 40% by weight of kaolin. The substrate
strongly affected the overall barrier performance, having a white top double-coated sub-
strate showing the best results. In terms of application, however, the white top liner is of
higher interest.

Further studies may involve recyclability tests and the role of the final consumer, trying
to understand whether such solutions truly represent viable alternatives to extrusion-coated
or laminated substrates for a circular approach to paper-based packaging.
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Appendix A

SB-B and SA-B were FTIR analyzed. The resulting spectra are reported in
Figures Al and A2. Observing the characteristic peaks, it is easily observable how Figure A1
refers to a poly(styrene-butadiene) copolymer, whereas Figure A2 refers to a poly(styrene-
acrylate) copolymer.
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Figure A1. FTIR spectrum for the SB-B commercial coating.
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Figure A2. FTIR spectrum for the SA-B commercial coating.

Additionally, the same dispersion coatings were DSC-TGA analyzed. The solid phase
was obtained by evaporation of the solvent and then tested.
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Figure A3. DSC-TGA for the SB-B commercial coating.
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Figure A4. DSC-TGA for the SA-B commercial coating.

Appendix B

The samples were analyzed at the SEM to ensure coherence between the calculated
film thickness and the actual value. Figure A5 shows two representative micrographs.

()

(b)

Figure A5. Representative SEM micrographs of coated samples; green arrows represent the measured
coat thickness. (a) H39K 100 over KB: thickness of almost 7.8 um; (b) SB-B over KB: thickness around
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