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Abstract: In this study, to conserve valuable cotton cellulose, the paper pulp was composed of light industrial cocooning
waste from our Republic (specifically, the mat and fiber produced during cocooning at the Margulon "IPAKCHI" joint-stock
company) and secondary paper waste (MS-3A). Binders and adhesives were used in the preparation process. The kraft paper
samples were prepared in the test laboratory of the "Global Komsco Daewoo" joint venture.
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Introduction. Currently, the global increase in demand for packaging products
necessitates the continuous enhancement of packaging material types and technologies.
Significant attention is given to converting alternative and secondary raw materials into
finished products. Research within the republic is focused on producing paper and
cardboard products utilizing various alternative and local secondary raw materials,
including textile industry waste [1].

In Uzbekistan, the primary national raw materials are cotton and silk, which play a
significant role in paper production. Although high-quality paper is made from these
materials, producing kraft paper for packaging from pure cotton cellulose is not
economically viable. To address this, the industry can conserve valuable cotton pulp by
incorporating waste paper and fiber waste generated during the cocooning of cotton
pulp. This approach helps address challenges in the pulp, paper, and packaging industry,
mitigates the shortage of printed materials, and reduces the cost of kraft paper [2].

Uzbekistan is known for being one of the world's leading producers of natural fiber,
with annual production of cocoons in the Republic reaching approximately twenty to
twenty-two thousand tons [3]. Ranked fourth globally in valuable raw material
production, Uzbekistan follows China, India, and Brazil. However, a significant
challenge lies in the fact that 25-30 percent of cocoons are deemed unusable due to the
absence of efficient processing technology. Consequently, cocoon enterprises discard this
waste. These remnants are unsuitable for textile production due to their short fiber
content, excessive fiber entanglement, and coloration issues. The objective of this study
is to integrate fibrous waste, resulting from various factors that detrimentally impact the
process of cocoon storage and spinning, into paper pulp composition. This aims to
establish waste-free technologies, enhance production methods, and create kraft paper
suitable for packaging products utilizing fibrous waste generated during cocoon
spinning.

2. Materials and Methods

2.1 Experimental Details
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At JV "Global Komsco Daewoo" (Uzbekistan) several batches of cotton pulp (PS)
were employed for kraft paper production in accordance with DSt 645 standards. To
preserve valuable cotton cellulose, mat and fiber waste, along with secondary paper
waste (MS-3A) generated during cocooning at the Margulon "IPAKCHI" joint-stock
company in the Republic, were included as additives to the paper pulp. The scientific
endeavor utilized MS-1A, MS-2A, and MS-3A waste paper.
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Fig. 1. Production technology of kraft paper based on local raw materials

The production of kraft paper under laboratory conditions followed a
predetermined sequence, and sample papers were extracted from the bulk of the finished
kraft paper mass [4]. Figure 1 illustrates the selected process for laboratory kraft paper
production.

2.2 Materials. The studies aimed at determining the optimal composition of the
paper composition were conducted in accordance with the existing normative documents
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TU 17.12.14.199-013-00279054-2020. Across all variations, adjustments were made to the
percentage composition of the primary components of the paper composition.

Table 1. Options for the composition of kraft paper

Composition content

Samples Ne )
Cotton cellulose, % Cocoon fiber waste, % MS-3A, %
1 100 - -
2 90 5 5
3 80 10 10
4 70 15 15
5 50 - 50
6 - - 100

2.3 Methods. The mass of 1 m”2 of kraft paper for the sample was determined to
fall within the range of 100-120 g. Sample preparation involved the utilization of the
"Rapid" (Germany) machine, specifically designed for sheet molding under laboratory
conditions, to create the kraft paper sample.

During the printing process, achieving high-quality prints and ensuring quality
control of printed products heavily relies on key factors such as the clarity and saturation
of colors. Additionally, the quality of the printed output is influenced by various
indicators, including the surface microgeometry of the printed material, its roughness,
porosity, elasticity properties, as well as attributes such as whiteness and transparency.

Further research is necessary to explore the implications of utilizing paper with
varying properties in the printing process. The objective of this scientific endeavor was
to investigate the impact of Kraft paper with a novel composition on the quality
parameters of the printed output.

The quality of the printed image encompasses a series of controlled test scale items,
enabling the evaluation of the printed product's quality and usability levels [5]. This
control mechanism utilized in printing facilitates a detailed description of the color gamut
reproduction system (cyan, magenta, yellow, black) on the test scale. In the rapid control
test scale developed within this thesis:

100 percent of the area used to control the supply of paints;

Trepping fields (blue (C+M), green (C+Y), red (M+Y)) to eliminate defects in the
process of printing multi-color products;

The control of ink distribution in the printing mold to achieve a uniform gray area
in 80 percent ink coverage entails color ratios of 75 °C, 62 M, 60 Y lin/cm?.

To monitor ink slippage on the paper, control elements such as plus lines or
concentric circles positioned perpendicular to the printing plate edges are employed.

Brightness control for each color is conducted within areas of 80 and 100 lin/cm.
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A comprehensive set of primary colors ranging from 2 to 100 percent on a gradation
scale (2, 4, 6, 8, 10, 20, 30, ... 100%) is utilized for color assessment.

Analytical image scales incorporating 40- and 80-percent raster line areas,
integrating frequency linear elements of the raster points, were chosen. These scales were
utilized for printing copies on a RYOBI 542HXX sheetfed offset printing machine. During
the mock-up preparation, essential information regarding the color of the printed copy
was meticulously considered. The layout of the developed test file is depicted in Fig. 2.
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Fig. 2. Control test scale

2.4 Preparation of Printing Molds.

The preparation of printing molds utilized "Computer - printing mold" technology.
These molds were produced on thermosensitive Agfa aluminum plates, which ensure
raster dot accuracy ranging from 1% to 99%. The curing process was conducted with a
curing time of 22 seconds at a specific curing temperature, 24 °C (21-28 °C).

Experimental kraft papers were printed using Sun Chemical Express series sheet
offset printing inks at a production rate of 12,000 copies per hour. The ink sequence
applied was black (K), cyan (C), magenta (M), and yellow (Y). The printing equipment
operated at a constant speed of 1.2 meters per second. A pressure of 20 N/cm? (0.80 MPa)
was maintained, aligning with the optimal technological pressure range between the
mold and offset cylinders (0.5-0.8 MPa). The maximum paint layer thickness achieved in
the mold was between 1.2 and 1.8 micrometers.

The quality of printed copies is evaluated by various indicators, the most critical of
which is the uniform distribution of the paint layer on the paper surface. Uneven dye
distribution significantly impacts the optical density, colorimetric properties, and
gradation quality of the printed product [6].
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The distribution of the paint layer across the microporosity of the printed material's
surface is analyzed to characterize the transfer of paint from the mold to the paper. This
analytical method enables the assessment of the compatibility of the "printing material -
paint” system for specific types of printed products. The image quality in printing is
significantly influenced by the conditions under which the paint transfer coefficient is
determined. This coefficient is, in turn, influenced by the physicochemical and surface
properties of the printed material [7].

This is explained by the amount of paint required to fill all external surface
irregularities during its distribution on the printed material. The experiment aimed to
further investigate the printing and technical characteristics of kraft papers and to
determine their interaction with printing inks. The paint distribution on the printed
material's surface, quantified by the paint layer coefficient, is used to describe the printing
process. This coefficient is determined by the ratio of the amount of paint transferred to
the print to the amount of paint on the mold's surface [8].

This research was conducted using a laboratory test copy press. Test samples were
printed with Sun Chemical Express offset inks according to the methodology outlined in
reference [9]. The experiments aimed to determine the ink acceptance index of the paper
under specified conditions. During printing, the pressure force was set at 705 N, the speed
at 1.5 m/s, and the thickness of the paint layer in the copies varied from 0.5 to 2.5 um. The
amount of ink in the mold and on the copies was measured using the densitometer
method, while the thickness of the ink layer was determined through calculations.

Special consideration was given to maintaining consistent air parameters in the
environment, which were as follows: relative air humidity ranging from 50% to 55%, and
a temperature range of 20 to 21°C. Sun Chemical Express Series sheetfed offset printing
inks exhibit rapid setting on the copy and demonstrate excellent ink transfer. These inks
transfer uniformly from the mold to the surface of the printed material, resulting in an
ink layer thickness ranging from 2 um to 1.6 um. Optical density readings of the printed
images are examined to assess their conformity to the extended color gamut, utilizing an
air color dye. Determining the reliability of the research was carried out by the method
of variational statistics [10]. The method for assessing the accuracy of experimental
results is outlined below. The accuracy of the measured values for the thickness of the
paint layer on the copy, determined using a spectrodensitometer device, was evaluated
according to the example provided in Table 2.

Table 2. The thickness of the paint layer in the copy, um

Indicator 1 2 3 4 5
The thickness of the
paint layer, um

1,00 1,00 1,04 1,05 1,06

2.5 Assessment of the reliability of measurement results

Arithmetic average of all measurements: X =1,03

T
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The sum of the squares of the deviations from the arithmetic mean:
R=>(x-x,)? =0,0034 (1)
1

Average permissible error, E:

20
E=—, 2
n (2)
Were o is mean square deviation:
R

o= 3
— 3)
0,0034 _ )
0 = T2 = 0,00273; (4)
0,00273 _ 0,00545
E=2-2020 = 0950 = 0,0024 (5)
Coefficient of change, V,%;
o 0,00273 _
v =2+100 =272 100 = 0,26% (6)
Reliability of research, &, %;
=£.100 = 2222100 = 0,22%. 7)
X 1,03

£< 5%, which shows the reliability of the experiment.
3. Results and Discussions
After the measurements, a corresponding graph is created (Fig. 3).
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Fig. 3. Analysis of determining the thickness of the paint layer

In 1, 2, 5, 6 types of kraft paper, the layer thickness of air color paint is 1.10-1.28
microns. The thickness of the paint layer on type 3 and type 4 kraft paper is 1.6-1.8
microns. This means that the inks used for printing on the surface of the experimental
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kraft papers show that they have the ability to create the optimal required ink layer and
provide high-quality coloring.

To evaluate the optimal optical density of the ink layer, a crucial parameter in the
printing process, an image was printed on kraft paper typically recommended for
packaging products using Sun Chemical Express series inks. The thickness of the paint
layer transferred from the printing mold to the printed surface was assessed by
measuring the field optical density of areas with 100% color saturation on a control scale.
This measurement was conducted using a specialized device called a
spectrodensitometer, which offers enhanced accuracy and enables standardized value
analysis. The experiment adhered to established standards. One day after the paint layer
has completely dried on the surface of the printed copy, the optical density of the printed
images was measured using a spectrodensitometer. At the same stage, it was determined
that the quality of the printed product conforms to ISO 12647-2 densitometric standards.
The measurement procedure was carried out on experimental kraft papers for black, blue,
red, and yellow paints. After all the measurements were made, the average result was
calculated for each kraft paper and the obtained optical density indicators were included
in the table (Table 3).

Table 3. Optical density indicators in copies printed by sheet offset printing (Do.)

Kraft paper samples
Colour 1SO 12647-2 1 2 3 4 5 6
Cyan 1,00 1,15 1,18 1,25 1,34 1,22 1,10
Magenta 0,95 1,45 1,53 1,48 1,45 1,47 1,59
Yellow 0,95 1,02 1,17 0,95 1,03 1,03 0,99
Black 1,25 1,34 1,19 1,25 1,34 1,30 1,42

Based on the data obtained (Table 3), the following conclusion can be drawn: the
optical density values of the primary colors in copies printed with Sun Chemical Express
offset inks conform to European standards ISO 12647-2. This indicates that the
experimentally produced kraft paper is suitable for printing multi-colored products that
meet standardized technological process requirements. Additionally, a significant
advantage of these high-quality, low-cost products is the potential to incorporate kraft
paper made from new local raw materials into the production of packaging products.
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Figure 4. Optical density values (1-6 kraft paper samples)
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The optical density values of the printed images were found to be Do.z=1.45+1.65.
The obtained data correspond to the UzDSt 1114:2006 standard. It should be noted that
the optical density values of the printed images do not differ significantly from each
other, which is due to the closeness of the properties of kraft papers.

Table 4. Evaluation of the uniformity of printed copies

Samples of kraft paper
Colour
O’zDSt 1114:2006 1 2 3 4 5 6
Uniformity of
printing 0,001+0,025 0,020 0,010 0,009 0,010 0,018 0,019

As shown in Table 4, the highest optical density in the printed copies, despite having
almost the same thickness of the paint layer, is achieved by the paint layer on the surface
of kraft paper samples No. 3 and No. 4. This observation supports our hypothesis
regarding the role of fiber structure. The smooth surface of these kraft paper samples
ensures the desired thickness of the paint layer during the printing process.

Conclusions. The experimental results indicate that kraft paper types No. 3 and No.
4 exhibit high optical density. This can be attributed to the uniform penetration of
printing inks into the pores of the kraft paper, resulting in a consistent paint layer on the
surface. Consequently, these kraft paper samples have a smoother surface texture.
Conversely, kraft paper samples No. 5 and No. 6 demonstrate lower optical density,
suggesting that their surface smoothness is inferior to that of samples No. 3 and No. 4.

The transfer of ink from the printing mold to the surface of kraft paper primarily
depends on the level of contact between the ink and the printed material's surface.
Greater smoothness leads to more even ink distribution, resulting in higher quality
printed products. Analysis of the obtained data reveals that the best results were achieved
with kraft paper samples No. 3 and No. 4, which incorporate fiber waste from cocooning.
Additionally, the use of modified cationic starch glue enhances the overall smoothness
of the printed material's surface by reducing macro and micro irregularities. This
improvement facilitates a more uniform distribution of printing ink and yields superior
printing of individual image elements.
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