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Abstract  This article presents the results of research on the development and optimization of a novel polymer sizing 

composition for cotton yarn processing. It has been established that the application of the proposed formulation enables a 

reduction in starch consumption by 25–30% compared to conventional starch–based sizing, while maintaining the same level 

of adhesion efficiency. The optimal concentration of the polymer composition was determined to be 50 g/kg, which is 

significantly lower than the standard requirement for starch–based systems (70 g/kg). Experimental studies demonstrated that 

variation of the composition concentration within the range of 45–50 g/kg considerably affects the overall cost of the sizing 

process without impairing the adhesive and film–forming properties of the coating. The use of the developed composition 

improves the physico–mechanical properties of the yarn, reduces yarn breakage during weaving, and enhances loom 

productivity. These findings confirm the technological, economic, and environmental feasibility of applying the proposed 

sizing system. 
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1. Introduction 

The development of chemistry and chemical–technological 

processes in the textile industry is accompanied by active 

search for alternative solutions aimed at reducing the use   

of food starch as a base for sizing. According to modern  

data, the proportion of starch and its derivatives in textile 

production operations reaches 70–75%, while synthetic 

water–soluble polymers account for only 25–30% [1–4]. 

In recent decades, compositions based on synthetic homo– 

and copolymers have been developed, enabling sizing without 

involving food–grade products. However, these compounds 

are characterized by high cost, limited availability, and 

insufficient versatility for fibers of various chemical natures. 

Moreover, their removal from textile surfaces is difficult, 

which significantly increases reagent consumption during 

desizing, lengthens the process, and consequently reduces 

production efficiency. It should be noted that the exclusive 

use of synthetic polymers leads to yarn sticking during 

drying, which is one of the major drawbacks hindering the 

stable operation of high–capacity weaving machines [5,7]. 

To partially replace food starch, research into creating 

sizing systems based on water–soluble polymers such as 

sodium alginate (NA), tripolyphosphate potassium (TPPK),  
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and hydrolyzed polyacrylonitrile (HPA) has gained particular 

importance. Despite the high relevance of this direction, the 

number of fundamental and applied studies in this area 

remains very limited. Only isolated publications address the 

development of sizing formulations for cotton yarn using 

starch in combination with synthetic polymers and the 

introduction of specialized textile auxiliaries (TTA) [8–14]. 

Based on the above, the aim of this study is to create and 

physically–chemically substantiate a sizing technology for 

cotton yarn using NA, TPPK, and HPA, which will 

significantly reduce the consumption of scarce and valuable 

food starch. 

2. Materials and Methods 

The objects of study included rice starch, tripolyphosphate 

potassium (produced in Uzbekistan), sodium alginate, and 

hydrolyzed polyacrylonitrile (produced in Russia). Detailed 

physicochemical characteristics of these substances are 

provided in sources [15,16]. 

Break load determination was carried out using the single 

yarn testing method. Elongation at break was recorded 

simultaneously with the measurement of the breaking load. 

Single yarn strength tests were performed using a RM–30 

tensile testing machine, designed for analyzing the mechanical 

properties of fibers. 
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To assess relative strength, or the relative breaking load  

of individual yarns, a calculation method based on the ratio 

of the breaking load to the linear density was used. The 

corresponding values were calculated using the formula: 

   
  
 
  

where, Pp is the breaking load at tension (cN), 

T is the linear density of the yarn (tex). 

It should be noted that the yarn sizing process is 

accompanied by a complex, multi–stage physicochemical 

interaction between the sizing compounds and the fibers. The 

mechanism of these interactions is largely determined by the 

chemical nature of the substances used, their supramolecular 

organization, and the structural and morphological state of 

the thread surface. The influence of these factors can be 

partially analyzed by studying the adsorption processes 

occurring between the sizing components and the yarn fibers, 

the results of which are shown in Figure 1. 

From the data in Figure 1, it follows that the adsorption 

isotherm on a hydrophobic surface corresponds to typical 

monomolecular adsorption according to the Langmuir model. 

In contrast, the isotherm for a hydrophilic surface (curve 2) is 

S–shaped and reflects a polymolecular adsorption mechanism 

described by the Polanyi and BET theories. In this case,   

the adsorbate binding process does not end at the stage of 

monomolecular layer formation, but continues with the 

sequential formation of additional adsorption structures 

[17–18]. 

 

Figure 1.  Adsorption isotherms of the composition from aqueous solutions 

at 25°C; 1–Composition based on starch, NAC, and GIPAN; 2–Composition 

based on starch, NAC, TPFK, and GIPAN 

Nevertheless, it has been established that the adsorption 

value on a hydrophobic surface is higher than on a hydrophilic 

one. Obviously, in the mechanism of composition adsorption 

by fibers, the decisive role is played not so much by the 

presence of functional groups as by the main carbon chain of 

the molecules. This very factor determines the higher degree 

of adsorption of compositions based on starch, NAC, TPFK, 

and GIPAN compared to systems containing only starch, 

NAC, and GIPAN. 

As can be seen from the data in Figure 1, the kinetics of 

the composition adsorption process on cotton yarn are 

determined by the physicochemical characteristics of the 

sizing agent, the structural features of the fiber, as well as  

the parameters of the technological regime. Experimental 

studies have shown that NAC and GIPAN, like starch, 

possess pronounced film–forming properties. Therefore, 

their combination with starch in sizing formulations is 

scientifically and technologically justified. 

Adhesive compositions based on starch, NAC, and 

GIPAN retain high adhesive capacity for a long period of 

time, which indicates their kinetic stability. In addition, such 

systems demonstrate resistance in aqueous media of various 

hardness levels and within a fairly wide pH range (7–8). 

The calculation of the metrological characteristics of the 

applied methods was carried out in accordance with the 

requirements of [19]. 

3. Results and Discussion 

It should be emphasized that under certain physicochemical 

conditions for preparing sizing compositions, interactions 

may occur between the functional groups of polymers and 

the reactive centers of NAC and GIPAN. As a result of such 

interactions, compounds containing amide (–CONH–), 

carbamide (–NHCONH–), carbamate (–OCONH₂), ester 

(–OCO–), and other structural fragments are formed.    

The presence of these groups in the macromolecules of   

the polymer composition contributes to increased elasticity 

and structural–mechanical strength, as well as reduces the 

electrostatic charge of the adhesive film formed on the 

surface of the yarn during sizing [20–23]. 

An important technological factor in the sizing of cotton 

yarn is the drying process. For this purpose, to determine the 

optimal temperature–time parameters of the drying of sized 

yarn, as well as to establish the relationship between the speed 

of the warp movement during sizing, the drying kinetics of 

samples treated with various compositions were studied 

(Table 1). 

Based on an analysis of the kinetic parameters of the 

sizing process for the developed compositions, the optimal 

concentrations of the components included in the sizing 

composition were determined (Table 2). As can be seen from 

the table, the consumption of the polymer composition is 50 

g/kg, whereas when using a starch sizing, this figure reaches 

70 g/kg. Thus, using the proposed composition allows for a 

25–30% reduction in starch consumption. 

It was established that the drying rate is determined by 

both the chemical nature of the preparation used and the fiber 

composition of the yarn, as well as the time and temperature 

conditions of the process. The ability of the sized yarn to lose 

moisture depends significantly on the type of composition 

used. The relatively low capacity for retaining water molecules 

is explained by the presence of hydrophobic cyclic fragments 

in the NAC and GIPAN macromolecules. 

Analysis of the obtained data revealed that the specific 

breaking load is one of the key physical and mechanical 
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parameters of cotton yarn. It was found that using the proposed 

sizing composition, this indicator is 13–15% higher than 

with traditional starch sizing, while maintaining the same 

coefficient of variation. 

Table 3 presents comparative results for cotton yarn sizing 

using the developed composition and traditional starch 

sizing, obtained under the production conditions of TSK 

LLC. 

As can be seen from Table 3, the sizing concentration, 

which has a significant impact on cost, is 45–50 g/kg when 

using the developed composition, compared to 70 g/kg for 

traditional starch sizing. The true adhesion level remains 

unchanged. Experimental results showed that starch consumption 

is reduced by 25–30% when sizing cotton yarn using the 

developed compositions. This confirms the economic and 

environmental feasibility of using the proposed composition. 

4. Conclusions 

Thus, it has been established that the viscosity of aqueous 

solutions of the developed sizing composition, depending on 

the concentration, temperature, and pH of the medium, obeys 

a first–order equation. Moreover, its value is 2–3 times lower 

than that of traditional starch–based sizing agents. Using  

this composition ensures a higher speed and degree of yarn 

impregnation during sizing, which promotes the formation of 

a strong adhesive film on the fiber surface and positively 

impacts the weaving process. 

It has been experimentally confirmed that cotton yarn 

treated with the proposed polymer compositions can be 

effectively processed on various types of weaving equipment. 

This results in a 35–40% reduction in thread breakage and a 

5–10% increase in machine productivity compared to yarn 

treated with starch–based sizing. 

Table 1.  Kinetic parameters of the drying process of yarn sized with a composite based on starch, NAC, TPPA, and GIPAN at a ratio of 1:0.02:0.05:0.01, 
respectively 

 

Developed sizing composition Factory–made starch–based sizing 

Drying temperature, °C 

85 90 95 90 

Substrate moisture content, % 58 54 59 43 

True adhesion, % 7 6 6 7 

Second drying period time, min 12 10 9 14 

Drying speed, m/sec 0,5 0,8 0,8 0,5 

Total drying time 22 10 10 24 

Table 2.  Optimal technological parameters for the preparation of sizing based on the developed composition 

Components of the dressing 

Adhesive content, g/l 

Starch sizing 
Yarn type 

Cotton yarn count 

34 40/1 40/2 54 

Polyvinyl alcohol, g/kg 3,0 2,0 3,5 3,5 – 

Hydrolyzed polyacrylonitrile, g/kg 2,0 2,0 2,5 2,5 – 

Starch, g/kg 45 50 50 50 70 

Gelatinization temperature, °C 85–90 85–90 85–90 85–90 90–100 

Gelatinization time, min 20–25 20–25 15–20 15–20 30–35 

Table 3.  Physical and mechanical properties of yarn treated with sizing obtained under optimal preparation parameters 

Indicators Units of measurement 

Developed dressing 
Factory size, starch 

Cotton yarn number 

34 40/1 34 

Viscosity, solution flow time sec. 6 7 7 

True glue % 23–25 19–21 10–12 

Relative Strength Gain % 18–20 17–19 13–15 

Relative Elongation at Break % 7–8 6–7 9–11 

Yarn Moisture Content % 10–12 10–11 10–15 

Coefficient of Variation: Breaking Load % 90–100 90–100 90–100 

Yarn Adhesion kg/cm 0,8–1,2 1,0–1,4 0,7–1,2 

Abrasion Resistance Coefficient % 0,6–1,2 0,5–0,9 0,8–1,4 

Break Rate rev/m 0,31 0,37 0,61 
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