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Abstract
Background and objectives: Paper and cardboard, as biodegradable and lightweight
materials, are widely used in the packaging of various industries. Coating paper improves its
properties and enhances print quality. Biopolymer coatings have advantages over conventional
polymers due to their biodegradability and non-toxicity. The aim of this study is to prepare a
coated cardboard sheet with nanomaterials and mineral compounds as a packaging tool and to
evaluate the physical properties and printability of white liner paper from Mazandaran Wood and
Paper Company. Various amounts of three materials—nanographene, zein protein, and fluorine—
along with an acrylamide resin were used for coating the paper using a blade method. The
properties examined included thickness, ash paper content, air permeability, roughness, opacity,
whiteness, brightness, yellowness, gloss, optical density, and adhesion. This research investigates
the effect of surface coating of cardboard (top liner) with nanographene, protein solutions, and
mineral materials. Therefore, the goal of this study is to create a barrier against air permeation by
coating the outer surface of the cardboard (top liner) with one or more layers of coating that
include nanographene, protein solutions, and mineral materials. This coating is designed as the
first layer of the cardboard that is in direct contact with the outside, aiming not only to reduce the
interaction between the inside and outside of the cardboard but also to enhance printability.

Methodology: The white liner paper with a basis weight of 110 grams was obtained from the
Mazandaran Wood and Paper Company. The AO-4 type nanographene was sourced from
Graphene Supermarket in the USA, Zein protein from Sigma Aldrich, and fluorine from the
Minekavan production group. For coating, nanographene, zein, and fluorine were weighed
according to specified weight percentages and mixed with 100 grams of distilled water at 50
degrees celsius for 30 minutes, depending on the treatment conditions. Then, 2.5 grams of styrene-
butadiene latex and 0.5 grams of dispersant D200 were added to the mixture and homogenized
for 20 minutes at 1500 RPM. A 5% cationic starch solution was also used as a retention aid to
enhance the coating. This process resulted in eight different treatments of the white liner paper,
each specifically coated with different compositions. The treatments are as follows: Treatment 1,
control white liner (CWL); Treatment 2, graphene-coated white liner (WLG); Treatment 3, zein-
coated white liner (WLZ); Treatment 4, fluorine-coated white liner (WLF); Treatment 5, graphene
and zein-coated white liner (WLZG); Treatment 6, graphene and fluorine-coated white liner
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(WLFG); Treatment 7, fluorine and zein-coated white liner (WLFZ); Treatment 8, graphene, zein,
and fluorine-coated white liner (WLZFG). The physical and optical properties were measured
according to standard methods. The experimental design was completely randomized. Data
analysis was performed using one-way analysis of variance and Duncan's test at a 95% confidence
level.

Results: The results of the one-way analysis of variance indicated that there is not a significant
difference in thickness, ash content, air permeability, roughness, opacity, whiteness, brightness,
yellowness, gloss, and optical density of these papers at a 5% probability level. The greatest
thickness is associated with the white liner paper coated with zein and fluorine, while the least
thickness belongs to the control sample. Regarding ash content, the highest amount is found in
the white liner paper coated with fluorine and graphene. For air permeability, the paper coated
with fluorine and nanographene shows the best performance. Roughness results indicate that the
white liner paper coated with zein and fluorine has the highest roughness. Additionally, the lowest
levels opacity and whiteness are related to the white liner paper coated with zein, nanographene,
and fluorine. The adhesion test showed that the coated layers and flexo composite adhered well
to the paper.

Conclusion: The results obtained from microscopic studies showed that the addition of
nanographene, zein, and fluorine improved the quality of the fiber coating on the paper, and using
the laboratory coating method allowed for a more uniform surface to be created on the coated
paper. A significant increase in paper thickness was observed, attributed to changes in the
thickness of the base paper. Air permeability increased significantly with coating, and in some
cases, this resistance was so high that it could not be measured. The use of fluorine and zein
resulted in maximum roughness, while nanographene produced the least roughness. Additionally,
the opacity of the papers decreased after coating. Furthermore, optical density improved in the
composite coatings, indicating better print quality. The results suggest that the adhesion of the
coating layer to the flexo ink was excellent, and compared to the uncoated samples, the amount
of paper delamination was lower. Finally, this study indicates that the use of nanomaterials and
biodegradable protein and mineral materials can significantly enhance the printability
characteristics of coated papers, making them a suitable alternative to synthetic plastic and
polymer materials.
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Table 1- Characteristics of nanographene, zein protein, fluorine and acrylamide resin

Feature

Acrylic Disperser Polyvinyl Cationic
Nanographene  Zein  Fluorine Resin acetate latex  Starch
(SH-305)

Specific Surface Area (m2/g)
Color

Purity (%)
Average Thickness (nm)
Particle Diameter (nm)
Surface Area (m2/g)
Appearance Status
Crude Protein Percentage
(%)

Crude Fiber Percentage (%)
Ash Percentage (%)

Urea Content (mg/kg)

LOI
TiO2
Mg
Na.O
Al203
SiO2
P
Fe203
Ca
SO3
CaF2
Type
Emulsifying Property
Solid Content (%)
pH
Tg (°C)
Viscosity (cp)
Density (g/cmd)
Flash Point (°C)
Melting Point (°C)
Protein content (%)
Nitrogen content (%)

. Orange -

Milky Yel Io?/v

99.5 - - - - -
60 - - - - -

3-18 - - - - -
300 -

More than 15

Black Yello

Liquid - -
55

10 - - - -
3 - - - -
Negati ) ) - -
ve
05 - - -
>0.01 - - -
0.2 - - -
0.1 - - -
0.1 - - -
0.65 - - -
0.01> - - -
0.1 - - -
51 - - -
0.1 - - -
96.17 - - -
- Self-crosslink - -
Anionic - - Cationic
50 42
6-8 75 7 6
-2 - -
10000 - -

less than 1
0.25
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Table 2- Combination of codes and treatment conditions

Treatment Treatment code Descriptions
number

1 CWL Control White Liner
2 WLG White Liner Coated with Nanographene
3 WLZ White Liner Coated with Zein
4 WLF White Liner Coated with Fluorine
5 WLZG White Liner Coated with Nanographene and Zein
6 WLFG White Liner Coated with Nanographene and Fluorine
7 WLFz White Liner Coated with Fluorine and Zein
8 WLZFG White Liner Coated with Nanographene, Zein, and Fluorine
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Table 3 - Analysis of variance (F value and significance level) of the effect of manufacturing variables on physical
and optical properties and printability

Feature Variables
Ash (%) 115842.857*
Air permeability (S) 673844.104*
Roughness (um) 103.530*
Opacity (%) 23314.286*
Whiteness (%) 17886.804*
Brightness (%) 51506.357*
Yellowness (%) 573901.195*
Gloss (%) 1858880.357*
Optical density 59.946*

Significance Level: * 95% (p < 0.05), ns: Not Significant
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Figure 1. Comparison of means ash content of different papers.
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Figure 2. Comparison of means: (A) Air permeability, (B) Roughness of different papers
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