Developing water-resistant composite paper materials from annual plants, cellulose, and basalt fibers, and studying their sorption properties
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Abstract. This article details technologies for creating water-resistant composite paper materials using inexpensive and renewable resources available in Uzbekistan: cellulose from annual plants (Helianthus tuberosus, cotton, cotton stalks, straw) and local basalt fibers. In experiments, paper samples were prepared in a lab using a wet method, mixing different compositions of cellulose and basalt fibers. The research focused on drying and pressing the samples, assessing their wet sorption properties, degree of swelling in water, and water intake at 70% relative humidity. The results showed that as the proportion of basalt fibers increased, the water intake of the composite paper decreased. Notably, samples made from Helianthus tuberosus cellulose and basalt fiber had good physical and sorption properties. These developments could help create environmentally friendly, water- and moisture-resistant paper products, and could lead to materials for industrial filtration, construction, and technical packaging.
INTRODUCTION
Paper is used in almost every part of our everyday lives. Global yearly paper production is in the hundreds of millions of tons. Many countries, including Uzbekistan, rely heavily on imports to meet their paper needs. Statistics indicate that in 2009, Uzbekistan's local paper production met only about 10% of its domestic demand [1]. This situation shows a need to boost local production of affordable, quality paper products using local resources. Lately, there has been more interest in using annual plants for paper production. Using agricultural waste like Helianthus tuberosus, cotton, cotton stalks, and straw is useful in this context [2]. Composite methods are used to improve the material's strength, heat resistance, and water resistance. Adding a high-mass component can significantly improve product quality [3].
This study focuses on creating composite paper samples with different compositions using cellulose from annual plants (Helianthus tuberosus, cotton, cotton stalks, etc.) and local basalt fibers. We aimed to evaluate their water absorption and sorption properties [4]. The study results will show the chance to produce moisture-resistant composite paper materials that can be used in various industries [5].
It's difficult to consider any field where paper isn't used. World paper production is 339 million tons per year (2003), and in Russia, it is 350 thousand tons (2000). According to 2009 data, paper produced in Uzbekistan meets only 10% of the demand for this product. The remaining amount of paper is imported [6].
In recent years, the production of paper from annual plants has risen. China makes 75% of the world's paper from annual plants and meets 50% of its paper needs with paper from these plants.
Uzbekistan has a large raw material base for making paper from annual plants, including cotton stalks, rice straw, hemp, and others. The rising demand for paper and paper products has encouraged exploration of alternative resources for paper production, spurring research efforts [7].
Cellulose-containing waste, annual plant cellulose, and other components can be combined to create composites with different properties. One such ingredient available locally is basalt fiber, which has heat resistance and high strength. Basalt fiber is more prone to crystallization than other glass fibers [8]. It stands out because of its high resistance to heat, chemicals, and burning, as well as its high strength.
For this reason, it can replace carcinogenic asbestos in composite plastics. For our tests, we used basalt fiber mined from the Asmosoy deposit in Uzbekistan. It has a melting point of 1250 °C, which is lower than basalt fiber from other places [9,10].
[bookmark: _Hlk203334088][bookmark: _Hlk203339982]MATERIALS AND METHODS
The study chose the objects below. This study used the materials below as the main part to make composite paper materials and make them more waterproof. Annual plants gave us cellulose from Helianthus tuberosus, cotton linter, cotton stalks, and straw [11,12]. The inorganic fibers came from local basalt fiber (taken from the Aamoni deposit and used after grinding). The method for making the test materials was to use wet paper casting in a lab. Cellulose and basalt fibers of different kinds were mixed to make a 1-1.5% water suspension. We shaped a paper sample by pouring this mix onto a mesh on a paper casting machine, drying it at 105-110 °C, and then squeezing it under a press for 30 minutes [13].
[bookmark: _Hlk203339041]RESULTS AND DISCUSSION
We made paper samples from composite materials with different mixes of annual plant cellulose and basalt fibers and studied what they were like. The main goals were to make the paper stronger and to make it burn and absorb less water.
We produced five kinds of composite materials that hold cellulose and basalt fiber. To make these composite materials, we used basalt and cellulose from Helianthus tuberosus, cotton linter and cotton stalks. Each of these was used on its own in equal amounts. Then, we made a composite material in the lab with the wet method. We mixed basalt fiber with annual plant celluloses in different amounts. The mix was weakened to 1-1.5%, and a sample was placed as paper on a paper machine. We made a wet cellulose layer by slowly lifting the machine’s cylinder and mesh section, letting the water pass through the mesh. The cellulose layer was taken with the mesh and dried in a drying room at 105-110 °C until 75-80% of the water was gone. Then, it was pressed until it had the needed thickness and kept there for  30 minutes.
The samples are dried to a moisture content of 5-6%. Then, they are cut into 6x6 cm pieces, and their mass is measured using an analytical balance. The thickness of each sample is measured using a caliper. These steps are repeated for all samples. After drying, the technical properties of the samples are determined, along with other physical-chemical, thermal conductivity, and thermal properties. In this paper, we study the water absorption rate of the obtained composite paper samples. The masses of the initial samples were first measured.
The next step is to find out how much the composite materials absorb.
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FIGURE 1. Degree of boiling of composite paper samples in water.

Methods for determining the absorption rate of samples:
1. To find the degree of boiling, a 1 g sample is taken, soaked in water for 30 minutes, and then centrifuged at 5000 rpm to remove excess water and measure its mass.
2. The samples are kept in water for 30 minutes, then placed between two pieces of cellulose plate, and excess water is removed with a 2 kg load to measure its mass.
3. After creating a 70% relative humidity in a desiccator in a concentrated salt environment for 24 hours, its mass is measured.
We studied how the obtained materials absorb. This work was carried out according to the above guidance. For this, we determined the amount of water absorbed by the samples, the degree of boiling by soaking in water, and the degree of absorption of 70% relative humidity. The absorption rate of the samples is given in the table below.
Based on the table, the composite paper sample made with Helianthus tuberosuss, cotton linter cellulose, and basalt fiber has a water saturation range of 40-60%, which is a good outcome. Because our goal is to create moisture-resistant composite paper for different industry uses. In the next phase of our work, we studied how well the composite paper samples absorbed moisture from air at 70% relative humidity.
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FIGURE 2. Moisture sorption rate of composite paper samples from 70% relative humidity air.
The data show that moisture absorption depends on the kind of sample. Composite paper samples made with Helianthus tuberosus, cotton linter celluloses, and basalt fiber absorb about 3% of moisture. 
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FIGURE 3. Sorption rate of paper made from basalt fiber and Helianthus tuberosus cellulose.
These values reflect the structure of the composite paper samples. The more moisture a sample absorbs, the more porous its cellulose fibers are. So, paper samples from poplar, straw, cotton stalks celluloses, and basalt fiber are more porous than those from cotton linter and Helianthus tuberosus cellulose.
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FIGURE 4. Sorption Levels of Paper Made From Basalt Fiber and Wood Cellulose.

Next, we mixed annual plant cellulose and basalt fibers in different amounts to make paper samples and studied their properties. The results are in the table below.

TABLE 1. Sorption rate of paper made with basalt fiber and cotton linter cellulose.
	№
	Name and composition structure
	Mass, g
	Degree of water absorption, %

	
	
	Dry 
	Wet 
	

	1
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 25:75 1.0 1.69 69
	1,0
	1,87
	87

	2
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 50:50 1.0 1.40 40
	1,0
	1,60
	60

	3
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 75:25 1.0 1.29 29
	1,0
	1,41
	41

	4
	Paper made from basalt fiber, 100 1.0 1.16 16
	1,0
	1,16
	16



TABLE 2. Sorption degree of paper from basalt fiber and straw cellulose.
	№
	Name and composition structure
	Mass, g
	Degree of water absorption, %

	
	
	Dry 
	Wet 
	

	1
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 25:75 1.0 1.69 69
	1,0
	1,90
	90

	2
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 50:50 1.0 1.40 40
	1,0
	1,71
	71

	3
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 75:25 1.0 1.29 29
	1,0
	1,47
	47

	4
	Paper made from basalt fiber, 100 1.0 1.16 16
	1,0
	1,16
	16



TABLE 3. Sorption rate of paper made from basalt fiber and cotton stalk cellulose.
	№
	Name and composition structure
	Mass, g
	Degree of water absorption, %

	
	
	Dry 
	Wet 
	

	1
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 25:75 1.0 1.69 69
	1,0
	1,89
	89

	2
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 50:50 1.0 1.40 40
	1,0
	1,71
	71

	3
	Paper made with basalt fiber and Helianthus tuberosus cellulose, 75:25 1.0 1.29 29
	1,0
	1,45
	45

	4
	Paper made from basalt fiber, 100 1.0 1.16 16
	1,0
	1,16
	16


Based on the data in the tables above, an increase in the amount of basalt fiber added to the composite mix reduces the water absorption rate of the resulting composite paper. It should also be noted that the paper made from basalt fiber and Helianthus tuberosus cellulose was considered the best option from our trials.
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	Paper made from basalt fiber and wheat straw cellulose (1:1). 
	Paper made from basalt fiber and cotton linter cellulose (1:1).
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	Paper made from basalt fiber and poplar cellulose (1:1)
	Paper made from basalt fiber and cotton stalk cellulose (1:1)
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Paper made from a mixture of basalt and Helianthus tuberosus cellulose (1:1)


FIGURE 5. Samples of composite paper obtained through experiments are shown below.
[bookmark: _Hlk203334168]CONCLUSION
Research indicates that composite paper samples made with annual plant cellulose and basalt fibers have considerable water and humidity resistance, making them suitable for industrial applications thanks to their physicochemical properties. As the proportion of basalt fiber in the composite rises, water swelling decreases, boosting the product's humidity resistance. Evaluation of sorption properties shows a water swelling level of about 40-60%, suggesting a relatively high hydrophobicity. Low moisture absorption (roughly 3%) at 70% relative humidity suggests the composite materials are dense and have little porosity. Samples made from Helianthus tuberosus cellulose and basalt fiber gave the best results. According to this study, basalt fiber-reinforced composite paper materials can be utilized as filter materials, industrial technological packaging, moisture-resistant technical sheets, and fire-resistant coatings. Technological solutions based on local raw materials have proven able to create import-substitution goods for usage in a variety of industries.
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