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Abstract 

Paper is the most important basic material in the creation of 

printing products. The basis of the structure of paper is a frame 

made of fibrous bodies. Papermaking is the production of paper 

and cardboard, widely used in writing, printing and packaging.  

The article demonstrates the possibility of extracting cellulose from 

unused soybean stalks to develop paper and cellulose production. 

Paper samples with high mechanical strength and whiteness were 

obtained. 
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Introduction 

The current trends in the development of paper and cellulose production are characterized by an 

increase in the volume of high-quality paper and cardboard types, which differ in their features 

and scale. The composition of paper can include intermediate products derived from cotton, flax, 

hemp, jute, fabric waste, rags, and old clothes [1]. Worldwide, the production of cellulose-paper 

products is steadily increasing, with over 403 million tons of paper and cardboard produced 

annually. By 2025, this figure is forecasted to grow by 2.1% on average, reaching 500 million tons 

[2]. 

The diversity of paper structure is explained by its multi-component nature (fibers, fillers, sizing 

agents, dyes, etc.), its composition, and the peculiarities of the production technology. As 

emphasized by Kirsankin A.A., Mixaleva M.G., Nikolskiy S.N., Musoxrapova A.V., Stovbun 

S.V., knowing the specific numerical values of the porosity and uniformity of the paper surface is 

essential for ensuring the high quality of printing products with practical significance [3]. 

Currently, the most important semi-finished products for paper manufacturing include wood 

cellulose, wood pulp, and cotton and flax fibers. The main raw materials for fiber-based semi-

finished products are coniferous and broadleaf trees, fibers from annual plants, and the stalks, 

seeds, and cotton production waste [4]. In many countries, non-wood plants or secondary materials 

are used. For example, in the USA, 25% of paper is produced from waste paper, while in Spain, 

France, and the UK, wheat stalks (straw) are used; in China, one-third of cellulose products are 

made from rice and wheat husks [5]. 
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The development and improvement of technologies to solve urgent issues such as resource 

conservation and import substitution is a crucial direction. Import substitution technologies are of 

particular interest for the paper and cardboard industries in the Republic of Uzbekistan. 

However, due to the shortage of cellulose raw materials in many countries, there is growing 

interest in low-cost and renewable raw material sources, such as grains (rice, wheat, etc.) and 

herbaceous plants (sugarcane, flax, straw, miscanthus), and other plants. 

Soybean is becoming a rapidly growing multi-purpose raw material in our country. Soybeans 

(Glycine max) belong to the legume family and are a waste-free plant. Its seeds are used to produce 

oil and protein, while the stalks and leaves are used as animal feed. Soybean oil, which has 

valuable nutritional and medicinal properties, is extracted from the seeds, and the by-products are 

used as high-protein supplements in animal feed [6]. 

Currently, there are 27 soybean varieties available, such as "Arleta", "Baraka", "Victoria", 

"Madad", "Oltin toj", "Parvoz", "Nafis", "Genetic-1", "O'chmas", "Tumaris", "Mman-3", and 

others. Four of them, namely "Madaniyat B", "Zamin", "Zarbulok", and "Olmas", are considered 

promising [7]. 

In the regions of Uzbekistan and the Republic of Karakalpakstan, the existing soybean yield in 

2019-2023  Table 1. 
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Soybean Cultivation (per thousand hectares of land) Growth Diagram for 2018-2024 Figure 1 

 

The research subjects are paper sheets made from a composition of cotton cellulose (PS) and 

soybean stalk cellulose (SS), with a basis weight of 80 g/m² and a smoothness degree of 40°SR. 

The main properties of the paper samples are presented in Table 2. 

 

Table 2 Physical-mechanical Properties of Paper Samples 

Composition of new 

paper composition-

PS:SS, % 

Tensile strength, 

N  

Elongation  

length, m  

Whiteness, 

%  

Thickness, µm 

(micrometers) 

Density, 

g/m3 

100:0 57 4850 83 165 0,55 

0:100 50 4250 59 200 0,45 

80:20 55 4812 74 165 0,55 

60:40 55 4812 68 170 0,53 

40:60 54 4592 64 184 0,49 

  20:80 52 4416 61 190 0,47 

 

As seen from the table, cellulose derived from soybean stalks produces paper with excellent 

properties. The addition of soybean stalk cellulose to cotton cellulose strengthens the paper, 

resulting in a higher elongation length (4250 to 4850 m) with improved mechanical properties. 
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Microscopic Images of Paper Samples Composed of Cotton and Soybean Cellulose Figure 2 

  
PS:SS, 100-0 %     PS:SS, 0-100 %  

  
PS:SS, 80-20 %     PS:SS, 60-40 % 

  
PS:SS, 40-60 %     PS:SS, 20-80 % 

 

Figure 2a. Microscopic image of paper samples with a fiber length of 200 µm. 
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PS:SS, 100-0 %     PS:SS, 0-100 % 

  
PS:SS, 80-20%     PS:SS, 60-40% 

  
PS:SS, 40-60%     PS:SS, 20-80% 

Figure 2b. Microscopic image of paper samples with a fiber length of 77 µm. 

 

Figure 2 shows the microscopic images of the paper samples with fiber lengths of 200µm and 

77µm. From these images, it is evident that the fibers are smooth, which contributes to the paper’s 

high mechanical strength. If the fibers are excessively curly or deformed, they will have lower 

mechanical strength. 
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