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Abstract:

Background and objectives: Fruit packaging cardboard protects fruits from impacts,
pressure, and damage during transportation, while helping to maintain their freshness and quality.
To achieve these objectives, it is essential to enhance the strength of the cardboard and minimize
the interaction between its interior and exterior. At the same time, it must be biodegradable,
durable, and environmentally friendly. Kraft paper is recognized as a suitable option for
preserving the quality of fruits. Therefore, this research aims to improve the barrier and
mechanical properties of cardboard by applying coatings of nano-graphene, fluorine, and zein,
both separately and in combination, to provide consumers with higher quality cardboard.

Methodology: The brown kraft liner paper with a basis weight of 120 grams was obtained
from the Mazandaran Wood and Paper Company. The nanographene type AO-4 was sourced
from Graphene Supermarket in the USA, zein protein from Sigma Aldrich, and fluorine from
Mine Kavaran Production Group. For coating, the nanographene, zein, and fluorine were weighed
in specified weight percentages and mixed with 100 grams of distilled water for 30 minutes at 50
degrees Celsius, 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 added as a retention aid to enhance
the coating. The coating solutions were applied to the paper sheets using an Auto Bar Coater
(GBC - A4 GIST Cao., Ltd). The physical and mechanical properties were measured according to
TAPPI and ISO standards. The experimental design was completely randomized, and data
analysis was performed using one-way ANOVA and Duncan's test at a 95% confidence level.

Results: The one-way ANOVA analysis indicated that there are significant differences at the
5% level among the thickness swelling, water absorption, and porosity of the 8 types of paper.
The greatest thickness swelling was observed in the brown liner paper coated with graphene and

fluorine, while the lowest thickness swelling was found in the control sample, with a difference
of 27% between the maximum and minimum thickness swelling. The lowest water absorption
was noted in the brown liner board paper coated with zein, fluorine, and nano-graphene, with a
difference of 647.5% between the maximum and minimum water absorption. Additionally, the
least porosity was attributed to the paper coated with nano-graphene, showing a difference of
7365.8% between the maximum and minimum porosity. Density analysis revealed that the highest
Copyright: © 2025 by the authors. This is an open access, peer-reviewed article published by Research Institute of
@ @ Forests and Rangelands (http:/ijwpr.areeo.ac.ir/) and distributed under the terms of the Creative Commons
- Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.



http://ijwpr.areeo.ac.ir/
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.22092/ijwpr.2025.367277.1782
mailto:jafar_kasmani@yahoo.com
https://orcid.org/0000-0001-8442-473X

167 Iranian Journal of Wood and Paper Science Research Vol. 40 No. (2)

density was observed in the sample coated with zein and nano-graphene, with a difference of
14.5% between the maximum and minimum density. Furthermore, the highest surface smoothness
was recorded in the paper coated with nano-graphene and zein, with a difference of 23.9%
between the maximum and minimum surface smoothness. For the tensile and tear resistance
index, no significant difference was observed at the 5% level, with differences of 15.5% and
26.4% between the maximum and minimum tensile and tear resistance indices, respectively.
However, for burst resistance, the lowest value was found in the paper coated with fluorine and
zein, with a difference of 14.2% between the maximum and minimum burst resistance. In terms
of ring crush test, the highest resistance was related to the paper coated with zein, fluorine, and
nano-graphene, with a difference of 16.1% between the maximum and minimum ring crush test.

Conclusion: The goal of food packaging is to extend shelf life and protect against spoilage
factors. Paper and cardboard, as packaging materials, have specific advantages and disadvantages,
including a lack of resistance to moisture. This research addresses the improvement of the
physical and mechanical properties of kraft liner paper for fruit packaging and has demonstrated
that coating increases thickness swelling and reduces water absorption. These coatings enhance
the prevention of water absorption by penetrating the pores of the paper. Various factors affect
water permeability, including the paper structure and the type of coating. The use of nano-
graphene and zein leads to a reduction in paper porosity and an improvement in its mechanical
properties. In this study, coating the paper with nano-graphene and zein significantly increased
barrier properties and improved paper quality. Additionally, the results indicate that these
compounds can help reduce water absorption and porosity of the paper.
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Table 1- Characteristics of Nanographene

Specific Surface Color Purity Average Particle Surface Area
Area (m3/g) (%) Thickness (nm) Diameter (nm) (m?/g)
More than 15 Black 99.5 60 3-18 300
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Table 1- Characteristics of Fluorine

Yellow Appearance Status
55 Crude Protein Percentage (%)
10 Crude Fiber Percentage (%)
3 Ash Percentage (%)

Negative Urea Content (mg/kg)
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Table 1- Characteristics of Zein
CaF2 SOs Ca Fe203 P SiO2 Al203 Na:0 Mg TiO2 LOI
96.17 0.1 51 0.1 <0.01 0.65 0.1 0.1 0.2 >0.01 0.5
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Table 4- The composition of the examined treatments as well as the consumption amounts of nano silica, starch
and cationic polyacrylamide

Treatment Treatment code Descriptions
number
1 CBL .
Control Brown Liner
2 BLG . .
Brown Liner Coated with Nanographene
3 BLZ . . .
Brown Liner Coated with Zein
4 BLF . . .
Brown Liner Coated with Fluorine
5 BLZG
Brown Liner Coated with Nanographene and Zein
6 BLFG
Brown Liner Coated with Nanographene and Fluorine
7 BLFZ
Brown Liner Coated with Fluorine and Zein

8 BLZFG

Brown Liner Coated with Nanographene, Zein, and Fluorine
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Table 5 - Comparison of means and grouping based on physical and mechanical properties.

Feature CBL BLG BLZ BLF BLZG BLFG BLFZ BLZFG

Thickness (m) 165.67 165 167 194.33 163.67 209.67 200.67 189.33
Density (g/cm®) 0.69 0.77 0.78 0.7 0.79 0.69 0.72 0.74
Water Absorption (g/m?) 30.5 5.99 5.03 6.01 18.03 4.98 4.99 4.08
Porosity (ml/min) 5353 71.7 1185.3 4050 3150 1205.6 4267 3640
Surface Smoothness (ml/min) 8.33 8.67 8.57 7.33 9.7 7.97 7.9 7.83
Stiffness (kN/m) 951.2 986.8 934.23 958.2 937.5 898.3 934.9 884.9
Burst Strength Index (kPam2/g) 2.48 2.47 4.42 25 231 231 2.19 2.32
Tear Strength Index (mMNm2/g) 72 79.67 77.33 75.52 77.33 82.67 91 82.67
Tensile Strength Index (Nm/g) 66.02 59.16 66.09 64.22 66.89 62.72 63.89 68.33

Ring Crush Test (kN/m) 275.63 283.37 284.33 260.37 291.69 281.41 261.37 302.28
Corrugating medium test (N) 301.4 277.5 279.4 282.6 292.73 310.57 282.47 294.2
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Table 6 - Analysis of Variance (F value and significance level) of the effect of structural variables on the Strength

Feature Variables
Thickness (Lm) 8.417*
Density (g/cm3) 2.628 ns
Water Absorption (g/m?) 5978.78*
Porosity (ml/min) 46627.636*
Surface Smoothness (ml/min) 36.189*
Stiffness (kN/m) 19.537*
Burst Strength Index (kPam?2/g) 3.632*
Tear Strength Index (MNm?2/g) 1.165ns
Tensile Strength Index (Nm/g) 1.584 ns
Ring Crush Test (kN/m) 640.292*
Corrugating medium test (N) 4.915*
Significance Level: * 95% (p < 0.05), ns: Not Significant
08 250 b
0.78 ’ ’ b
= 076 £ 0 ’ ’ ’ |
i 074 ; 150 '
% 072 §
& o7 oo
0.68 H I I I 50
0.66
064 0
CBL BLG BLZ BLF BLZG BLFG BLFZ BLZFG CBL BLG BLZ BLF BLZG BLFG BLFZ BLZFG
Treatment Conditions Treatment Conditions
<l

<

e GLIEL wrwils () wwlis (W) Sole aulie -V K
Figure 1. Comparison of means: (a) Thickness, (b) Density of different papers
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Figure 4. Comparison of means: (a) Ring crush test in the machine direction, (b) Corrugating medium test,
(c) Stiffness of different papers
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