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Abstract. This article investigates the role of binders in the granulation of chemically active adsorbents and their 

influence on mechanical strength, porous structure, and adsorption performance. The granulation process is a critical stage 

in the production of activated adsorbents, as it determines the structural stability and functional efficiency of the final 

material. Various types of binders, including natural organic binders (dextrin, carboxymethyl cellulose), mineral binders 

(bentonite, silicates), polymer binders (polyacrylamide), and recycled industrial binders (oil sludge), were analyzed in terms 

of their functional roles and effects on granule strength and adsorption capacity. 

The study demonstrates that binder concentration significantly affects granule integrity, pore volume, and adsorption 

efficiency. Optimal binder content ensures a balance between mechanical strength and porosity, while excessive binder 

content leads to pore blockage and reduced adsorption capacity. Experimental results revealed that dextrin at a 

concentration of 13–15% provides optimal granule strength while preserving high porosity and adsorption capacity. 

Furthermore, the effect of granule size on adsorption efficiency was evaluated, showing that granules with a diameter of 

2.5 mm exhibit the highest adsorption capacity (up to 100 mg/g). The findings confirm that the appropriate selection of 

binder type, concentration, and granule size is essential for producing mechanically stable and highly efficient chemically 

active adsorbents. 

INTRODUCTION 

In recent years, the increase in solid waste has been growing rapidly in line with the growth of industry. In 

order to prevent these problems, by studying the chemical composition of waste as a secondary product, by studying 

the possibilities of using it in industrial wastewater treatment by purposeful processing, obtaining adsorbents with 

high sorption properties, and by using it in wastewater treatment of certain natural types, returning the purified water 

to the technological cycle as technical water will satisfy the need for water, save resources, and serve as a solution to 

economic and environmental problems. 

Naturally, one of the urgent issues of today is the creation and introduction of modern technologies for 

wastewater treatment, which is one of the important issues of our time. In this, first of all, taking into account the 

importance of introducing low-cost technologies, their chemical composition, along with the choice of raw materials, 

is of great importance. If the high demand of sorption materials for carbon-based adsorbents serves to solve the 

problem of adsorbents in production enterprises, their development using waste raw materials serves to solve 

environmental and ecological problems. Therefore, it is assumed that the study of the literature review of the 

dissertation work will be carried out by evaluating the resources in the analysis of the scientific basis of the raw 

materials for the production of adsorbents. In the production of activated adsorbents, the implementation of the 

granulation process and the selection of suitable binders are of critical importance [1-5] The primary role of binders 

is to ensure the cohesion of raw materials into granules, [6-9] enhance mechanical strength, and preserve the porous 

structure [10-12]. One of the main functions of binders is to mechanically strengthen the granules, thereby preventing 

the disintegration of adsorbent granules [13-15]. By controlling the porous structure of the adsorbent, binders 

contribute to ensuring the optimal pore volume within the granules and the uniform distribution of chemically active 

components [16-18]. In addition, binders provide stability against the effects of water and organic solvents, thereby 
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improving the mechanical durability of the adsorbent in various environments [19]. While preserving the granule 

structure, binders also help maintain a maximum specific surface area [20-23]. 

METHODOLOGY 

When incorporating a binder into the selected raw material for adsorbent production, low binder concentrations 

(≤2%) result in granules that are prone to rapid disintegration, exhibit low mechanical stability, and possess high 

porosity. At medium concentrations (3–5%), the granules become mechanically strong, while adsorption capacity and 

pore structure remain well balanced. At high concentrations (>5%), the granules become excessively rigid, pore 

volume decreases, and this leads to a reduction in adsorption capacity. Below, the mass ratio relationships selected as 

optimal for granules of various sizes are presented. 

Among the presented samples, natural binders such as dextrin and carboxymethyl cellulose possess significant 

advantages as environmentally friendly and renewable materials. Polymer binders are advantageous in protecting 

granules from leaching under the action of water and acids. Oil sludge, which is a recycled petroleum waste, serves 

as a binder that provides high adsorption capacity due to its high porosity; however, it exhibits low environmental 

safety. In the granulation process of chemically activated raw materials, binders play a crucial role in maintaining 

mechanical stability and preserving the porous structure. 

 

TABLE 1. Effect of Binders on the Mechanical Strength and Adsorption Capacity of Adsorbents 

Type of Binder Functional role 
Effect on Mechanical 

Strength 

Porosity and Adsorption 

Capacity 

Dextrin Natural organic binder Moderate 
Soft structure, moderate 

porosity 

Bentonite Mineral-based binder High 
Stable pores, moderate 

adsorption capacity 

Polyacrylamide (PAA) Polymer binder Very high 
Small pores, high mechanical 

strength 

Silicates (Na₂SiO₃, 

K₂SiO₃) 
Inorganic binder High 

Mesoporous structure, good 

hydrophobicity 

Carboxymethyl cellulose 

(CMC) 
Natural polysaccharide Moderate 

Open pore structure, good 

moisture control 

Oil sludge 
Binder based on recycled 

petroleum waste 
Moderate 

Large pores, high adsorption 

capacity, low environmental 

safety 

 

Based on the characteristics of the selected binders, dextrin and oil sludge were chosen as binders for the 

granulation of chemically activated sorption materials. The use of dextrin as a binder is particularly important for 

forming adsorbent granules, enhancing mechanical strength, and preserving the porous structure, as it is a natural 

binder. The determination of its optimal concentration was found to depend on several factors, as established through 

the conducted analyses (Table 1). Table 1 presents an analysis of the relationships between the selected binder, its 

functional role, and its effects on granule strength and adsorption properties. 

According to the scientific conclusions of the conducted studies, the optimal dextrin concentration was determined 

to be 13–15%. At this concentration, dextrin provides sufficient mechanical strength to the granules and prevents their 

disintegration (Table 2). 

 

TABLE 2. Effect of Dextrin Binder Concentration on Granule Properties 
Dextrin Content (%) Granule Strength Porosity and Adsorption Capacity Suitability 

≤12% Low 
High porosity, low mechanical 

stability of the adsorbent 
Not suitable 

13–15% High 
High porosity and high mechanical 

strength 
Suitable 

>15% 
Excessively rigid – 

adsorption decreases 

Low porosity, reduced adsorption 

capacity 
Not suitable 

 

High porosity is maintained, allowing the adsorption capacity to remain at its maximum level. When dextrin is 

used as a binder at concentrations exceeding 15%, the granules become excessively rigid and pore blockage may 
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occur, resulting in a decrease in adsorption capacity. The dextrin concentration of 13–15% ensures the best balance 

between granule strength and adsorption capacity and is therefore considered optimal. 

EXPERIMENTAL RESEARCH 

The effect of granule size on the adsorption capacity of chemically activated adsorbents was also investigated. It 

was found that when the granule diameter was φ = 1.0 mm, the adsorption capacity was 55 mg/g, whereas at φ = 2.5 

mm, it increased to 100 mg/g. Adsorption efficiency began to reach a maximum at φ = 2.0 mm (approximately 90%), 

and at φ = 2.5 mm, the adsorption capacity reached its maximum value, which was selected as the optimal granule 

size. However, as the granule size increased further (φ = 3–5 mm), a decrease in adsorption capacity was observed. 

 

     (1) 

 

Experimental studies showed that the adsorption capacity reached its highest value at a granule diameter of φ = 

2.5 mm, which was therefore selected as the optimal size. Smaller granules (φ = 1.0–1.5 mm) exhibited lower 

adsorption capacity due to insufficient pore formation. In contrast, larger granules (φ = 3–5 mm) showed reduced 

adsorption capacity as a result of the limited formation of active surface areas within the pores. For optimal adsorption 

performance, a CAA granule size of φ = 2.5 mm is recommended. Although granules in the size range of 2–4 mm are 

commonly specified during the development of CAA production technology, experimental results and industrial 

requirements confirm that granules around 2.5 mm provide superior adsorption performance. Experimental studies 

revealed that the adsorption capacity reaches its maximum at a GCA granule size of φ = 2.5 mm, which was therefore 

identified as the optimal size.  

 
FIGURE 1. Effect of GCA Granule Size on Adsorption Capacity 
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In contrast, smaller granules (φ = 1.0–1.5 mm) exhibited lower adsorption capacity due to insufficient formation 

of pores. For larger granules (φ = 3–5 mm), a decrease in adsorption capacity was observed, which is attributed to the 

lack of formation of sufficiently active surface areas within the pores. For optimal adsorption performance, a GCA 

granule size of 2.5 mm is recommended. In larger granules, the pores may not effectively contribute to the formation 

of an active surface. As shown in the graph presented in Figure 1, when the GCA granule size was φ = 1.0 mm, the 

adsorption capacity was 55 mg/g, whereas at φ = 2.5 mm, it increased to 100 mg/g. At a granule size of φ = 2.5 mm, 

the adsorption process reached its maximum level, and this size was therefore selected as optimal. As the granule size 

increased further (φ = 3–5 mm), the adsorption capacity decreased. 

Thus, it was substantiated that the highest adsorption capacity is achieved at a GCA granule size of φ = 2.5 mm. 

However, during the development of GCA production technology, a granule size range of 2–4 mm is often specified 

based on technological process conditions. Moreover, experimental studies have demonstrated that granules within 

this size range also exhibit high adsorption performance, and this range has been selected in accordance with the 

requirements of industrial production facilities. Figure 1 shows the graph of the power factor of asynchronous 

generator with phase rotor over time. The power factor variation in asynchronous generator with phase rotor is directly 

related to the capacitor banks connected to the stator winding. When the generator stator winding is supplied with the 

required reactive power, the power factor reaches its maximum value. 

CONCLUSIONS 

This study comprehensively examined the role of binders in the granulation of chemically activated adsorbents 

and their influence on mechanical strength, porous structure, and adsorption performance. The results demonstrated 

that the granulation process is a critical stage in adsorbent production, as it directly determines the structural stability, 

durability, and functional efficiency of the final sorption material. 

It was established that the type and concentration of binders significantly affect granule integrity and adsorption 

properties. At low binder concentrations (≤2%), granules exhibit poor mechanical stability and are prone to 

disintegration, while excessive binder content (>5%) leads to overly rigid granules, reduced porosity, and diminished 

adsorption capacity. An optimal binder concentration range of 3–5% ensures a balanced relationship between 

mechanical strength and porosity. In particular, dextrin was identified as the most effective natural binder, providing 

an optimal balance between granule strength and adsorption efficiency at a concentration of 13–15%. 

Furthermore, the influence of granule size on adsorption capacity was systematically investigated. The 

experimental results revealed that a granule diameter of 2.5 mm ensures the highest adsorption capacity (up to 100 

mg/g) due to the optimal development of pore structure and active surface area. Smaller granules exhibited 

insufficient pore formation, while larger granules showed reduced adsorption efficiency due to limitations in active 

surface accessibility. 

Overall, the findings confirm that the careful selection of binder type, concentration, and granule size is essential 

for producing mechanically stable and highly efficient chemically activated adsorbents. The obtained results provide 

a scientific basis for optimizing granulation technology and can be effectively applied in the industrial production of 

adsorbents intended for environmental protection and wastewater treatment processes. 
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