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Recently, we have experimented to reduce fine dust which is a 

problem in the world. Fine dust is known to cause various diseases 

in the human body. Diatomite with adsorption characteristics was 

used to reduce fine dust, which is a source of indoor air pollution. 

As a binder, blast furnace slag and a circulating fluidized bed 

combustion boiler fly ash were used to replace cement. The 

assessment items are flexural strength, compressive strength, flow 

ability, density, water absorption, fine dust concentration. As the 

replacement ratio of diatomite increases, the density decreases 

and the water absorption tends to increase. It is considered that 

this is due to the porous property of diatomite. Flowability 

decreased with increasing diatomite replacement ratio. As the 

replacement ratio of diatomite increased, the amount of air 

content to increase. As the replacement ratio of diatomite 

increased, the adsorption performance per minute of fine dust 

increased. This is because the amount of fine dust adsorbed per 

specific surface area increased as the replacement ratio of 

diatomite having porous properties increased. If additional 

experiments are done and used for finishing materials, it will 

contribute to the improvement of indoor air quality. 
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I. INTRODUCTION 

Recently, the fine dust that is emerging as a global 

problem is smaller than 10㎛ and larger than 2.5㎛, and it 

mainly occurs on roadsides and industrial complexes[1]. Fine 

dust has many dangers to cause illness in humans, and the 

International Agency for Research on Cancer (IARC) 

classified it as a Group 1 carcinogen[2]. The Korea Centers 

for Disease Control and Prevention reported that the rate of 

hospitalization for chronic obstructive pulmonary disease 

(COPD) increased by 2.7% and mortality increased by 1.1% 

every 10㎍/㎥ increase of fine dust (PM 10) concentration 

and the incidence of lung cancer increases by 9.0% every 10

㎍/㎥ increase of fine dust (PM 2.5). In addition, allergic 

conjunctivitis, keratitis, rhinitis, bronchitis, asthma, lung 

cancer and many other diseases are caused[3][4][5][6][7]. 

 The fourth industrial revolution has increased 

telecommuting and indoor living, indoor air quality is an 

important factor affecting the human body. Natural 

ventilation in the room, forced ventilation, and Infiltration 

phenomenon between windows and building gaps inevitably 
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occur, so that fine dusts in the air can enter the room[8]. 

Therefore, it is necessary to improve indoor air quality 

because indoor air pollution is intensified. This study informs 

about the danger of fine dust and aims to absorb and reduce 

fine dust in the air by making matrixes using absorbent 

materials. 

II.  MATERIALS 

A. Diatomite 

The diatomite is composed of silicic acid (SiO2), and its 

color is white or grayish white. Weight is light. Because of its 

fine porosity, it has strong absorbency. Diatomite is a super 

porous body with many pores. It adsorbs and decomposes 

harmful substances due to the micropores inside the silica. 

Adsorption of diatomite is generally carried out by collecting 

the adsorbent material on the surface of the adsorbent 

material, and the adsorbent material is adsorbed into the 

diatomite by physical adsorption properties. Diatomite has 

the ability to maintain humidity and remove odors. The use of 

diatomite, which has a lot of voids, will be helpful for 

physically adsorbing fine dust. Diatomite has a typical 

particle size of 50 to 100(㎛). The density of the diatomite 

used in this study was 2.22g/cm
3
 and the fineness was 

4,125cm
2
/g.  [Table 1] shows the chemical composition of the 

diatomite. [Fig. 1] is a photograph of diatomite. [Fig. 2] 

shows the SEM of diatomite. 

 

Table 1. Chemical composition of diatomite 

Chemical composition(%) 

 SiO2 Al2O3 CaO MgO Fe2O3 

D 89.50 4.10 0.60 0.30 1.50 

D = Diatomite 

      
Fig. 1. Diatomite           Fig. 2. SEM of diatomite 

B. Circulating fluidized bed combustion boiler fly ash 

The circulating fluidized bed combustion boiler fly ash 

used in this study is an improvement of the circulating 

fluidized bed combustion boiler fly ash discharged from the 

circulating fluidized bed combustion boiler.  
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A density of 2.57g/cm
3
, and a fineness of 2,573cm

2
/g. 

[Table 2] shows the chemical composition of the circulating 

fluidized bed combustion boiler fly ash. [Fig. 3] is a 

photograph of a circulating fluidized bed fly ash. [Fig. 4] 

shows the SEM of the circulating fluidized bed fly ash 

 

Table 2. Chemical composition of circulating fluidized bed 

combustion boiler fly ash 

Chemical composition(%) 

 SiO2 Al2O3 Fe2O3 CaO MgO SO3 

CBF 10.45 7.17 1.80 15.87 55.31 1.97 
CBF = Circulating fluidized bed combustion boiler fly ash 

  
Fig. 3. Circulating fluidized 

bed combustion boiler fly ash 

Fig. 4. SEM of circulating 

fluidized bed combustion 

boiler fly ash 

C. Blast furnace slag 

The blast furnace slag used in this study had a density of 

2.91g/cm
3
 and a fineness of 4,464cm

2
/g. The chemical 

composition was 52.6% CaO and 28.7% SiO2. It represents 

the largest composition ratio. [Table 3] shows the chemical 

composition of the blast furnace slag.  Blast furnace slag is a 

blast furnace slag blast furnace slag which is rapidly cooled 

by spraying water into a hot molten slag. In 1862, Langer of 

Germany started to recycle slag, which is an industrial 

byproduct, by adding slaked lime. The blast furnace slag, 

which was dried in 1953, was crushed to produce fine powder 

having a surface area very similar to that of modern slag 

powder. [Fig. 5] is a photograph of blast furnace slag powder. 

[Fig. 6] shows the SEM of blast furnace slag powder. 

 

Table 3. Chemical composition of blast furnace slag 

Chemical composition(%) 

 SiO2 Al2O3 Fe2O3 CaO MgO SO3 

BFS 28.7 9.5 0.6 52.6 2.1 4.1 
BFS = Blast Furnace Slag 

  
Fig. 5. Blast furnace slag 

powder 

Fig. 6. SEM of blast furnace 

slag 

III. EXPERIMENTAL PLAN 

A. Experimental plan according to replacement ratio of 

diatomite 

This is an experiment to evaluate the performance of the 

fine dust adsorbed matrix using diatomite. Based on the 

results of previous experiments, the replacement ratio of blast 

furnace slag and circulating fluidized bed combustion boiler 

fly ash was fixed at 50%. W/B was fixed at 65%. The 

replacement ratio of diatomite was changed to 10, 20, 30, 

40%. 

 

Table 4. Experimental factors and level according to 

replacement ratio of diatomite 

Experimental 

factor 

Experimental level Note 

Binder BFS, CBF 2 

D replacement 

ratio 

10, 20, 30, 40 (%) 4 

W/B 65 (wt.%) 1 

Curing 

conditions 

Constant temperature and 

humidity curing 

(temp.20±2℃, hum.80±5%) 

1 

Assessment 

items 

Flexural strength, Compressive 

strength, Air content,  lowability, 

Density, Water absorption, Fine 

dust concentration 

7 

IV. EXPERIMENTAL METHOD 

A. Fine dust concentration 

Since there is no clear method for measuring the 

concentration of fine dust in Korea, the experiment was 

conducted based on the measurement method of indoor fine 

dust concentration proposed by Hanbat National 

University[9][10]. Fine dust particles, adsorbent-based cured 

products, a fan and a fine dust meter were placed in a closed 

chamber. Fine dust moving in the chamber by the wind of the 

fan and finally reaches the surface of the cured body. The fine 

dust adsorption matrix was set to 40 × 40 × 160 (mm) in 

accordance with „KS L ISO  679‟. 

B. Mixing method 

In this experiment, used concrete single axial spiral mixer, 

powder was mixed with 40 RPM for 90 seconds, mixed with 

water at 45 RPM for 90 seconds. 

C. Specimen production 

The paste specimens used in the experiment were made 

according to `KS L ISO 679` `Test Method for Cement 

Strength` and 40×40×160㎜ rectangular specimens were used 

as test specimens. 

D. Flexural strength and compressive strength 

The flexural strength test and compressive strength test 

were carried out according to „KS L ISO 679‟ „Test Method 

for Cement Strength‟. 

E. Density 

Specimens were fabricated using Φ100×200 (mm) cylinder 

mold to measure density and absorptivity. After demolding 

the hardened specimen, measure the mass of the specimen, 

measure the density, calculate the volume of the specimen, 

and then divide the mass by volume.  
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F. Water absorption 

In order to measure the water absorption, the specimen is 

demolded and the specimen weight (W1) is measured. The 

specimen is then dried in the dryer for 24 hours and the 

specimen weight (W2) in absolute dry condition is measured. 

Subtract W2 from W1, divide the value by W2, and add 100. 

G. Flowability 

In order to confirm the fresh state properties of the paste, 

the flowability test was performed with reference to KS L 

5111 "Flow Table for Hydraulic Cement Test" non-strike 

measurement. 

H. Air content 

To measure the amount of air, it was carried out according 

to KS L 3136 "Method of measuring the air quantity of 

hydraulic cement mortar". 

V. EXPERIMENTAL RESULTS AND ANALYSIS 

A. Density and water absorption 

[Fig. 7] and [Fig. 8] is a graph showing density and water 

absorption according to replacement ratio of diatomite. As the 

replacement ratio of diatomite increased, the density tended to 

decrease and the absorption ratio tended to increase. The 

highest density was observed at a replacement ratio of 

diatomite of 10% to 1.59g/cm
3
. And the density was the 

lowest at a replacement ratio of 40% to 1.46g/cm
3
. At the 

replacement ratio of 40%, the absorption rate was the highest 

at 36.2%. The rate of absorption was 10% to 30.6%. It is 

considered that this is due to the porous property of diatomite. 

 

Fig. 7. Density according to replacement ratio of diatomite 

 

Fig. 8. Water absorption according to replacement ratio of 

diatomite 

B. Flowability 

[Fig. 9] shows the measurement results of flowability with 

replacement ratio of diatomite. As the replacement ratio of 

diatomite increases, the fluidity tends to decrease as a whole. 

It is considered that as the replacement ratio increases due to 

the porous property of diatomite, the fluidity decreases due to 

absorption of the water content. The fluidity is the highest at 

the replacement ratio of diatomite of 10% to 238 mm, and the 

lowest value at the replacement ratio of diatomite of 40% to 

195 mm. 

 

Fig. 9. Flowability according to replacement ratio of 

diatomite 

C. Air content 

[Fig. 10] shows the measurement results of air content 

according to the replacement ratio of diatomite. As the 

replacement ratio of diatomite increases, the amount of air 

tends to increase. It is considered that the amount of air in the 

paste is increased as the replacement ratio of diatomite as the 

porous material is increased. It is judged that the amount of air 

is increased as the fluidity is lowered by absorbing the 

compounding water into the particles. The replacement ratio 

of diatomite is the lowest at 10% to 1.2%, and the highest 

value of replacement ratio of diatomite is 40% to 4.8%. 

 
Fig. 10 Air content according to replacement ratio of 

diatomite 

D. Flexural strength and compressive strength 

 [Fig. 11] and [Fig.12] show the strength measurements 

according to the replacement ratio of diatomite. As the 

replacement ratio of diatomite increases, the flexural strength 

tends to decrease. It is considered that the strength decreases 

as the replacement ratio increases due to the porous properties 

of diatomite. It has the highest value at 10% of replacement 

ratio of diatomite and 3.0 MPa at 28 days, and the lowest 

value at 28 days strength at 1.8 MPa at 40% replacement ratio 

of diatomite. Compressive strength also tends to decrease 

with increasing replacement ratio of diatomite. It has the 

highest value of 6.8 MPa at 28 days strength at the diatomite 

replacement ratio of 10% and lowest value at 28 days strength 

of 5.2 MPa at 40% replacement ratio of diatomite. 
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Fig. 11. Flexural strength  according to replacement ratio of 

diatomite 

 

Fig.12. Compressive strength according to replacement 

ratio of diatomite 

E. Fine dust concentration  

[Fig.13] is the result of PM10 fine dust concentration 

according to replacement ratio of diatomite. Based on the 

proposed measurement method of indoor dust density, fine 

dust, fan and fine dust measuring instrument were placed in a 

closed chamber and measured. As the replacement ratio of 

diatomite increases, the adsorption performance per minute of 

fine dust tends to be improved. 

 
Fig. 13.  Fine dust concentration of matrix according to 

replacement ratio of diatomite 

[Fig. 14] is the result of PM2.5 fine dust concentration 

according to replacement ratio of diatomite. The adsorption 

performance of PM2.5 was also improved by increasing the 

replacement ratio of diatomite. This is considered to be due to 

the increase of the amount of fine dust absorption per specific 

surface area as the replacement ratio of the diatomite having 

the porous property increases, and it is considered that the 

diatomite can adsorb and reduce the fine dust particles. 

 
Fig. 14. Fine dust concentration of matrix according to 

replacement ratio of diatomite 

VI. CONCLUSION 

In this paper, an experiment was conducted to evaluate the 

physical properties and the fine dust adsorption performance 

using diatomite. Blast furnace slag was used to reduce the use 

of cement to generate large amounts of CO2. As a method for 

adsorbing and reducing fine dust, which is a global problem, 

matrix was manufactured using diatomite, which is an 

adsorbent, and its characteristics were analyzed. the results 

are as follow. 

1) As the replacement ratio of diatomite increases, the 

density decreases and the water absorption tends to increase. 

It is considered that this is due to the porous property of 

diatomite. 

2) Flowability decreased with increasing replacement ratio 

of diatomite. 

3) As the replacement ratio of diatomite increased, the 

amount of air content to increase. 

4) As the replacement ratio of diatomite increased, the 

adsorption performance per minute of fine dust increased. 

This is because the amount of fine dust adsorbed per specific 

surface area increased as the replacement ratio of diatomite 

having porous properties increased. 

If additional experiments are conducted and used for 

finishing materials, it will contribute to the improvement of 

indoor air quality. 
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