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This study was conducted with the aim of investigating the effect of layer coating
of nano polyurethane and nanoclay on improving the properties of cold-storage
white top kraft paper used in the packaging industry. For this purpose, white top
kraft paper with a base weight of 131 g.m2 was prepared and tested. To cover
the surface of the paper, nano-polyurethane was first applied by spraying with a
nozzle in an amount of about 15 g.m-2 on the surface of the white top paper. In
the second stage, to improve the performance of the coating material of the first
stage, the surfaces of cold-storage white top kraft paper were covered with
nanoclay by a laboratory coating machine. In this step, the coating material was
coated with the amount of 27 g.m2 on the upper surface of white kraft paper.
After being coated and restrained, the samples were dried at room temperature
for one day to stabilize the coating material on its surface. Then, the samples were
placed inside the freezer for 2 and 4 months and their properties were measured.
Before the tests, the control and coated samples were placed in standard
environmental conditions (ata temperature of 20 °Cand relative humidity 65%).
The results showed that the coating (control) increased the thickness,
smoothness of the surface, and the resistance against the ring crush of the paper
inthe direction of the machine and reduced the water absorption, brightness and
other mechanical properties such as the tensile strength index machine direction
(MD) and cross direction (CD), burststrength index, tear strength index (MD and
CD), and ring crush test in the cross direction in frozen coating samples with
increasing thickness and surface smoothness; a decrease in other mechanical
properties was observed. The samples coated twice showed very few pores. The
thickness and surface smoothness of white coated kraft paper showed an
increase of 30.8% and 37.7%, respectively, compared to the control sample.
Water absorption, burst strength index, tear strength index (MD and CD), tensile
strength index (MD and CD), ring crush test (MD and CD), and the brightness of
the double-coated white kraft paper compared to the control sample,
respectively showed a decrease of 151, 87.4, 15, 13, 104.2, 103.2, 67.1, 82.3 and
11.8%. According to the obtained results, it is recommended that papers such as
liquid packaging cardboard, juice and milk packets, which have many
applications in food packaging, should be tested with these coatings with
different times.
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EXTENDED ABSTRACT

Introduction

One of the most important sectors in the food production industry is the packaging
sector. In general, packaging materials play an important role in the safety and quality of
food storage. In addition to low cost, packaging materials in contact with food should have
proper barrier properties, be recyclable, and not cause environmental problems. Coating is
used to optimize the characteristics of the paper surface for specific needs. Nanotechnology
is a science that has found its way into almost all fields of science and industry with its
innovative and mostly optimized techniques. A group of nanomaterials known as biological
nanomaterials have a biological origin, so it can be said that this category of materials is
biocompatible, biodegradable and renewable. Among these materials, nano-clay and nano-
polyurethane are of great interest due to their intrinsic properties, including high specific
surface area, high length-to-diameter ratio, abundance of resources, low density, high
mechanical strength, renewable capability, and biodegradability. In general, packaging
papers need high mechanical resistance and barrier properties. This privilege is very
important for packing products that have moisture and storing and transporting them in
cold storage. Silicon-based nano-clay coating creates a less porous surface, which makes it
possible to use a thinner layer of polymer coating with greater water resistance. Therefore,
in this research, coating materials that are simultaneously renewable and biodegradable,
increase the liner's resistance to moisture, and minimize the contact between the inside and
outside of the cardboard and solve the problems of using cardboard in the packaging
industry of refrigerated products (such as exporting fruits, shrimps and fish) in the country
were investigated.

Methodology

In this research, the white Kraft liner cardboard used by Pars company was prepared
with a base weight of 131 grams per square meter. The used nano-polyurethane was
prepared by a knowledge enterprise. For coating, the liners were first clamped on a
plywood and coated by a gun. Due to the impossibility of exact coverage amount, liners with
a coverage of about 15 grams per square meter were used for initial coverage. In the second
step, liners were coated using a rod cutter. The solution was spread evenly on the liner. The
coated samples were dried in the open air. Physical properties and mechanical properties
of manufactured papers were measured according to TAPPI standards. Microscopic images
were observed using a field emission electron microscope. In order to analyze the data, one-
way analysis of variance was used and Duncan's test was used to compare the means.

Results and discussion

When coating is carried out, more molecular contact between the coating compounds
may weaken the compacting forces of the polymer chain and, as a result, further open the
coating matrix. As a result, it increases the thickness, which indicates the loss of
homogeneity and uniformity in the coating layer. Regarding the water absorption
resistance of the samples, it should be said that the low hydrophilicity of nano-polyurethane
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and nano-clay caused these materials to absorb less water molecules. Also, this decrease
can be because a non-hydrophilic surface was created by covering the surface of the paper,
resulting in the surface's hydrophilicity and water absorption to decrease. This decrease in
water absorption can be attributed to the small size of nanoparticles and consequently
greater specific surface area. These particles are more easily placed in the voids between
the fibers and by filling the voids, they caused a decrease in water absorption. Pournsir et
al. concluded in their research that due to the very small size of nanoparticles, they can
easily fill the empty spaces of the porous coating matrix; therefore, the easy diffusion of
water or humidity becomes difficult causing the decrease of hydrophilic properties. There
is a significant difference in the smoothness of the paper surface, which is one of the
indicators of the paper's printability. The use of double coating led to an increase in
smoothness. Of course, it should be kept in mind that this issue is normal and by performing
ultrasound operations, this feature will definitely improve to a greater extent than in the
control sample. It seems that the coating solution absorbed by the paper weakened the
mechanical properties. The tensile and bursting resistance of uncoated cardboards was
significantly higher than coated cardboards which demonstrated that the flexibility of
coated cardboards is greater than that of uncoated cardboards. The decrease in tensile
strength and bursting might be due to the penetration of the coating solution into the fiber
network, leading to the swelling of the cellulose fibers as well as disruption of fiber-to-fiber
connections. This reduction in tensile strength was consistent with the results of studies by
Taigi et al. (2021) and Semple et al. (2022). In both research studies, the application of
coating reduced the resistance.

Conclusion

Covering cardboard with nano-polyurethane and nano-clay gives the cardboard water
resistance properties. Since in Iran, to improve the barrier properties of packaging
cardboard, plastic polymers are used, which has made recycling difficult, the use of this
coating is both economically and environmentally useful for the packaging industry due to
its degradability by the environment and its capability to be recycled.
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