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Abstract : Due to the increase in fine dust caused by deepening air pollution, interest in the adverse effects of fine dust has 

increased. In this study, an experiment was conducted by applying a physical adsorption mechanism to the matrix to evaluate 
the properties of the microdust adsorption matrix. Density, absorption rate, fluidity, thermal conductivity, strength, and fine 
dust adsorption tests were conducted as test items for the evaluation of the physical properties of the matrix mixed with blast 
furnace slag-based powdered activated carbon. In this study, powdered activated carbon was used as a material for adsorbing 
fine dust. The results of the experiment for fabricating a fine dust adsorption matrix using powdered activated carbon are as 
follows. As the mixing ratio of powdered activated carbon increased, the density and absorption ratio tended to decrease and 
the absorption ratio increased. The flowability test showed a tendency to decrease as the mixing ratio of powdered activated 
carbon increased. As a result of the thermal conductivity test measurement, as the mixing ratio of powdered activated carbon 

increased, it decreased due to the increase of voids. As a result of the fine dust measurement, the higher the mixing ratio of 
powdered activated carbon was, the more the concentration tended to decrease due to the physical adsorption action. 
Compared to previous experiments using photocatalysts, it has been confirmed that overall performance such as strength has 
decreased, so a solution is needed. 
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1. Introduction 

Recently, regardless of the season, the smog phenomenon and fine dust are threatening our health, especially 

in the metropolitan area. Fine dust is one of air pollutants, which is generated by industrial development, and is 

produced in various combustion, production, and manufacturing processes such as oil and cement 
manufacturing processes, waste incineration processes, and hazardous material processing processes. Fine dust 

from nature, yellow dust and pollen are relatively large. On the other hand, the fine dust from automobile 

exhaust and factory chimneys is very small. The smoke of thermal power plants also contains sulfur dioxide and 

nitrogen compounds[1]. 

 Fine dust is a suspended solid in the air that refers to dust whose particles are so small that it is 

indistinguishable to the eye, and can be classified according to its diameter. Dust less than 10μm is defined as 

fine dust (PM10), dust less than 2.5μm is defined as ultrafine dust (PM2.5). It is divided into components 

(sulfate, nitrate, ammonium) and mineral components[2]. At present, there are domestic causes of environmental 

pollution caused by the use of fossil fuels and automobile emissions, and the inflow of fine dust from China due 

to the relocation of factories. In 2015, the HEI Institute for Health Impact reported that Korea's ultra-fine dust 

concentration was the second highest among OECD countries[3]. 
Due to these problems, social interest in indoor air pollution is increasing. Many studies have been 

conducted to purify the pollution level of indoor air quality, and research is needed for the development of 

construction materials with self-purification ability. In this study, the characteristics of adsorptive cured product 

substituted with photocatalyst carbon were evaluated[4,5,6]. [Figure 1, Figure 2] show pictures of fine dust and 

the causes of the occurrence of fine dust. 

 
Figure 1 Korea’s fine dust 
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Figure 2 Fine dust generation factor 

 

2. Experimental plan and method 

 

Adsorption is a method of removing contaminated gas by using strong adsorption power to molecules and 

atoms of the gas due to chemical bonding or physical filling of the micropores on the surface of a solid 

micropores composed of a molecular layer. Physical adsorption, ionic bonds, and chemical adsorption occur 

through covalent bonding forces by van der Waals force. However, physical adsorption and chemical adsorption 

exist in the adsorption of activated carbon. Vapor adsorption has a lot of reversible physical adsorption, and 

liquid adsorption has a lot of irreversible chemical adsorption. The efficiency of the adsorption tower can be 

varied depending on design factors such as control of the contact time between the adsorbent and pollutant gas 

and the type of adsorbent selected.[7,8] 

 

2.1 Experimental plan  

 

In this study, the characteristics of the fine dust adsorption matrix were evaluated. The powdered activated 

carbon for adsorption of blast furnace slag and fine dust was used as a binder used to produce the matrix. W / B 

was set to 50%, and then carbon was substituted to 0, 5, 10, 15, 20 (%) levels. As test items, unit weight, water 

absorption, flowability, flexural strength, compressive strength, thermal conductivity and fine dust concentration 

were measured. [Table 1] shows the experimental factors and levels. 

 

Table1 Experimental factors and levels 

Experimental factor Experimental level 

Binder 
Blast furnace slag(BFS), Powdered activated 

carbon(PAC)  
2 

W/B 50 (wt.%) 1 

Mixing ratio of PAC 0, 5, 10, 15, 20  (wt.%) 5 

Curing condition 
Constant temperature-Humidity curing 

(Temp. 20±2℃, Hum. 60±5%) 
1 

Test items 

Unit weight, Water absorption, Flowability, Thermal 

conductivity, flexural strength, Compressive strength, , 
Fine dust concentration(PM 10, PM 2.5) 

8 

 

2.2 Using materials  

2.2.1 Blast furnace slag 

 

- The ground granulated blast furnace slag used in this study was used with three types of blast furnace slag 

powder with a density of 2.92 g/cm3 and a fineness of 4,640 ㎠/g. The chemical composition of blast furnace 

slag is CaO 52.60% and SiO2 28.70%, showing a high proportion. The content of MgO and SO3 specified in KS 

F 2563 is 2.1 and 4.1 (%), respectively. [Table 2] shows the chemical composition of blast furnace slag in a 

table. 

 

Table1 Chemical composition of blast furnace slag 

Chemical composition (%) 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 Cl- 

28.7 9.5 0.6 52.6 2.1 4.1 0.7 - 
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. 

 

2.2.2 Powdered activated carbon 

- Activated carbon is an aggregate of amorphous carbon with developed micropores made from carbonaceous 

materials such as palm kernels, woods, lignite, bituminous coal, etc., and has a high specific surface area by 

forming micropores of molecular size through the activation process. Activated carbon has a large surface area 
of 1,000 m2 or more per unit area, and the functional groups of carbon atoms on the surface have the property of 

adsorbing molecules of a substance to be adsorbed by the attraction of liquid or gas around them. The density of 

powdered activated carbon used in this study is 0.43g/cm3 and the specific surface area is 1,135㎡/g. [Table 3] 

is the chemical composition of powdered activated carbon. 

 

Table2 Chemical composition of Powdered activated carbon 

Chemical composition (%) 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 Cl- 

11.5 2.9 17.8 19.2 2.2 7.8 - - 

 

2.3 Experimental method  

Among the test items, fluidity, water absorption, density, thermal conductivity, flexural strength and 

compressive strength were performed according to the test methods defined in the KS standard. In the case of 

the fine dust concentration measurement test, since there was no test method, the self-measurement method 

proposed by our university was used. The fine dust measurement method is a method of placing a fine dust 

adsorption type matrix, placing it in a sealed chamber together with a fine dust meter, and injecting fine dust 

into the chamber using a fine dust generator. The measurement time was measured every 10 minutes, and fine 

dust PM10 and PM2.5 were measured. [Figure 3] is the experimental equipment and method.  

 

 
Figure 3 Fine dust adsorption equipment and test method 

 

3. Results  

3.1 Density and adsorption 

[Figure 4] shows the unit weight and the water absorption of the cured product with the mixing ratio of 

powdered activated carbon. As the mixing ratio of powdered activated carbon increases, the density tends to 

decrease. It is considered that this is because material of powdered activated carbon has a high water absorption. 

When compared to plain, The unit weight of the cured body decreases, but the water absorption increases 

because of the high water absorption of the powdered activated carbon. but carbon may generate water through 

catalysis. 

 
Figure 4 Density and water adsorption 
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3.2 Flowability 

[Figure 5] is a graph measuring the flowability follow the mixing ratio of powdered activated carbon. As a 

result of the measurement, it was found that the flowability tended to decrease as the mixing ratio of powdered 

coal increased. In the case of plain, when the flow test was in progress, the paste overflowed before the 25 

compactions were completed, and measurement was not possible. In subsequent experiments, it was determined 

that the amount of powdered activated carbon was relatively large, and the fluidity decreased while absorbing 
the blended water. 

 

 
Figure 5 Flowability 

 

3.3 Thermal conductivity 

[Figure 6] is a graph measuring the thermal conductivity follow the powdered activated carbon content. As a 
result of the measurement, as the mixing ratio of powdered activated carbon increases, the thermal conductivity 

tends to decrease. It is believed that this is the result of pores occurring inside due to material properties. As 

curing proceeds, the value of thermal conductivity decreases. Pores are created as the moisture inside evaporates 

as it passes through the matrix. 

 

 
Figure 6 Thermal conductivity 

 

3.4 Flexural and compressive strength 

 
[Figure 7, Figure 8] show the flexural and compressive strength follow the mixing ratio of powdered 

activated carbon. As the mixing ratio of powdered activated carbon increases, the flexural and compressive 

strength tends to decrease. According to the results obtained in 3.1 and 3.2, the density is decreased and the 

strength is decreased at the pore is generated inside. According to existing literature, it is recommended to use 

about 3 ~ 10% when using powdered activated carbon. If the substitution is performed up to 20%, the strength is 

greatly reduced, and it is considered that a proper mixing ratio should be used in consideration of economical 

efficiency.  

 
Figure 7 Flexural strength 
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Figure 8 Compressive strength 

 

3.5 Fine dust concentration (PM10, PM2.5) 

 

[Figure 9, Figure 10] shows the fine dust concentration follow the mixing ratio of PAC. The fine dust 

concentration tends to decrease as the powdered activated carbon mixing ratio increases. It seems that the 

mixing rate of carbon increases and it affects the reduction of fine dust concentration. However, the reduction 

rate of the fine dust concentration is not large. It is considered that the anatase type is more effective than the 

powdered activated carbon in reducing the pollutants. Although it has been effective in reducing fine dust 
concentration, it seems that the effect is not excellent. Considering economical efficiency, it seems reasonable to 

use anatase type. 

 
Figure 9 Fine dust concentration PM10 

Figure 10 Fine dust concentration PM2.5 
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4. Conclusions 

 

This study is a basic experiment to fabricate fine dust absorption type products to solve social problems with 

fine dust affecting air pollution. Experiments were carried out for the analysis of matrix follow the mixing ratio 

of powdered activated carbon. The results are as follows. As the powdered activated carbon increases, the unit 

weight and the absorption ratio decrease and the absorption ratio increases. The Flowability decreases as the 
powdered activated carbon absorbs the compounding water. As the substitution ratio of powdered activated 

carbon increases, the strength tends to decrease. 

The thermal conductivity decreases as the mixing rate increases due to the occurrence of pores as the matix 

progresses. As the curing progresses, the thermal conductivity decreases. When powdered activated carbon was 

used, the catalytic action occurred while decreasing the fine dust concentration, but the effect was not good. 

Considering the resultant value and the unit price of powdered activated carbon, the proper mixing ratio should 

be used between 5 and 10%. 
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