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ABSTRACT: The most of inspections are made in some of the 

exposed areas that are removable, such as ceilings, stairwells, 

etc., as inspections for the safety diagnosis of steel members 

can't be carried out due to interior finish materials. Accidents 

often occur due to such poor inspections, raising the need to 

secure a technology that can check whether or not structures 

are in a safe condition by conducting simple inspections. In 

addition, The spray-on insulation method, which is used for 

solving the problem of steel structures featured by high thermal 

conductivity, directly affects the environment by generating 

volatile organic compounds (VOCs), so it is necessary to devise 

measures required to solve the problem. Therefore, this study 

aimed to develop a functional heating paint to improve the 

disadvantages of the spray-on insulation method and steel 

structures. Moreover, It tried to frequently check the safety of 

the structures by using thermal imaging cameras with a heating 

paint. It conducted the evaluations of the constructability of the 

functional heating paint and of a reduction in VOCs. As the 

addition rate of the activated clay increases, the viscosity also 

increases, so it is impossible to meet the evaluation criteria for 

the constructability of the paint at the addition rate of 16% or 

more. That's why it selected the maximum addition rate of 

15%. As the addition rate of the activated clay increased, the 

coating layer thickness and thermal conductivity increased, but 

there was no significant change in the dry time. The adsorption 

test results of VOCs showed that they were reduced by about 

62% at the activated clay's maximum addition rate of 15%. 

Keywords: Activated clay, VOCs, Adsorption, Heating 

paint, Air quality 

 

 

1. INTRODUCTION 

In fact, the most of inspections are made in some of the 

exposed areas that are removable, such as ceilings, 

stairwells, etc., as inspections for the safety diagnosis of  

 

steel members can't be carried out due to interior finish 

materials. According to 「detailed guidelines for the safety 

control and maintenance of establishments by Korea 

Authority of Land & Infrastructure Safety, it is stipulated 
that the sheath (finish material) of main structural parts be 

first removed prior to carrying out the investigation, but 

inspection agencies try not to remove the interior finish 

materials as much as possible due to the noise, dust, etc. that 

may occur when the finishing material is removed. As a 

result, the internal finishing material is not removed as much 

as possible, so a separate inspection agency is required to 

prevent the removal of the internal finishing material. In this 

way, investigations on the same structural members are 

frequently conducted in limited places, resulting in poor 

inspections. For example, in 2018, Building A in Gangnam-
gu, Seoul, was considered a small building with 15 floors or 

less, and therefore it had not been subject to legal safety 

management until then. The building had an A rating in its 

pre-collapse visual inspection report, indicating no safety 

problems, but several structural defects were found, such as 

cracks, the separation of the sheath, etc. from columns, 

during the demolition of finish materials for interior 

construction. And, it eventually had an E rating (limited 

use), the lowest rating, in an emergency safety inspection 

conducted thereafter. If there was no interior construction, it 

would have been a case in which many lives were lost due to 

the collapse of the building. Therefore, it is necessary to 
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secure a technology that can check the safety of structures, 

even with simple inspections, for the prevention of such 

accidents. 
According to the investigation of energy consumption in 

Korea, buildings accounted for about 30 to 40% of total 

energy consumption. And it was derived that the main cause 

was the poor cross section of building envelopes. The 

amount of energy lost in the buildings themselves is large 

because steel frames are often exposed in steel structures, 

such as factories, warehouses, gymnasiums, etc., and even in 

houses, the thermal conductivity of steel materials 

(53W/m℃) is 13.7 to 37.8 times higher than that of concrete 

materials (1.40 to 3.86W/m℃). This can lead to additional 

problems such as thermal bridges, etc. The spray-on 

insulation method is used to solve the high thermal 
conductivity of steel structures. The spray-on insulation 

method not only spoils the beauty of buildings and is 

inefficient and uneconomical because it is based on manual 

construction, but also generates dust and other harmful 

substances indoors, so there should be methods to solve such 

problems. 

Therefore, it tried to analyze the properties of a functional 

heating paint that can absorb VOCs by using the heating 

paint and adding the activated clay in order to confirm 

structural safety just with a simple inspection to improve the 

disadvantages of steel structures. 

 
Fig 1: Column collapse                         Fig 2: Spray method 

in site 

2. LITERATURE REVIEW 

In the 'Basic study for the development of the road snow 

melting system using a heating paint', a snow melting system 
using a heating paint was developed, which in turn led to 

studies on power supply and control systems. 

It selected a heating film, that is to say a system that require 

power, capable of achieving the maximum efficiency, 

compared to electric energy, and there seems to be a lack of 

studies on the self-heating effect of the heating paint that 

does not require external electrical stimulation. In the 

'Evaluation of improving the indoor air quality of hardened 

materials using the activated clay as an adsorbent material', 

it made an adsorption-type hardened material with the 

activated clay added for an experiment to improve air quality 

after identifying harmful substances that cause indoor air 
pollution. As the addition rate of the activated clay 

increased, the concentration reduction rate of harmful 

substances increased. However, as the addition rate of the 

activated clay increased, the flexural and compressive 

strengths tended to decrease. Here, it was judged that the 
high porosity of the activated clay reduced the strength of 

the specimen. 

3. EXPERIMENTAL PLAN AND METHOD 

3.1. Experimental Plan 

It was intended to examine the characteristics of a functional 

heating paint with the activated clay added. Table 1 shows 

the results of experiments on viscosity based on some 

addition rates of the activated clay 0, 5, 10, 15, 16, 17, 18, 

19, 20 (%). And dry time, coating layer thickness, thermal 

conductivity and adsorption of VOCs according to a total of 
four addition rates of the activated clay 0, 5, 10, 15 (%), 

after conducting the experiments on viscosity. 

Table 1: Experimental factor and level 

Experimental 

factor 
Experimental level 

Remarks 

Target object Steel frame 
1 

Basic material Heating paint 
1 

Additives Activated clay 
1 

Addition ratio 

0, 5, 10, 

15, 16, 17, 

18, 19, 20 

(%) 

0, 5, 10, 15 

(%) 
9 4 

Experimental 

item 

Viscosity 

(fall time) 

Dry time, 

Thickness, 

Thermal 

conductivity, 

VOCs 

1 4 

3.2. Using Material 

3.2.1. Activated Clay 

The activated clay is one of the types of montmorillonite-
based clay minerals equivalent to the ‘porcelain clay’ in 

Korea.[2] 

It is a natural mineral that improves catalytic, adsorption, 

and decolorization capacities through the activation process 

for selected activatable gemstones and that is used for the 

refinement, adsorption, edible oil and fat, and catalyst of 

petrochemical products. The activated clay is white and 

porous with a large surface area. Figure 3 and Table 3 show 

the activated clay and its chemical components, 

respectively.[1] 
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Table 2:  Chemical composition of activated clay 

Chemical composition (%) 

SiO2 Al2O3 MgO Fe2O3 Na2O CaO 

63.1 20.7 3.2 5.9 1.6 3.2 

 

3.2.2. Heating Paint 
The heating paint is a gray paint with a mechanism to emit 

heat directly from the paint after absorbing ambient 

temperature for heat generation and then going through a 

thermal radiation process. Figure 4 shows the heating paint 

 
Fig 3: Activated clay                     Fig 4: Heating paint 

3.3. Experimental Method 

3.3.1. Viscosity 

An experiment on viscosity (time of falling) was conducted 

based on the KS M ISO 2431 (Paints and varnishes — 

Determination of flow time by use of flow cups). According 

to the KS standard, the range from 30 to 100 seconds is 

considered meaningful data. To explain the measurement 

method, as shown in the picture,  block the hole at the 

bottom of a flow cup and then pour the functional heating 

paint so that the flow cup is full. After that, measure the time 

as soon as you open the blocked hole at the bottom of the 

flow cup. 

 
Fig 5: Viscosity tes 

3.3.2. Dry Time 

An experiment on the dry time was conducted based on the 

KS M 5000 (Testing method for organic coatings and their 

related materials). The experiment was conducted based on 

'complete drying'. At the complete drying, it is difficult to 

scratch a coating layer with, or the coating layer is not easily 
scratched with a fingernail or a knife 

3.3.3. Thickness 

The coating layer thickness was measured by its dedicated 
measuring instrument. It is a functional heating paint with 

the activated clay added, so the average of the measured 

values at a total of 10 points on one surface was calculated. 

 

   
Fig 6: Dry time test                   Fig 7: Thickness test 

3.3.4. Thermal Conductivity 

An experiment on thermal conductivity was conducted based 

on the ISO 22007 standard. A TPS method-based Hot Disk 

M1 (German) was used as a measuring instrument for 

thermal conductivity. The figure shows a measuring 
instrument for thermal conductivity 

 
Fig 8: Thermal conductivity 
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3.3.5. VOCs Adsorption 

An experiment on the adsorption of VOCs was carried out 

according to the method presented by Hanbat National 

University. To explain the measurement method, prepare the 

chamber (500X500X500 (mm)), mineral oil, measuring 

instrument for the concentration of VOCs, thermo-

hygrometer, and pan. Afterwards, put the steel frame, coated 

with a functional heating paint, and the mineral oil into the 

chamber and then cover the chamber and then cover the 

chamber to conduct the experiment. 

 

 
Fig 9: VOCs adsorption method 

4. EXPERIMENTAL RESULT AND 

ANALYSIS 

4.1. Viscosity 

Figure 10 shows the viscosity according to the addition rate 

of the activated clay. As the addition rate of the activated 

clay increased, the viscosity tended to decrease. At the 

activated clay's addition rate of 16% or more, the viscosity 

decreased within 10 seconds and therefore did not meet the 

ideal criteria for the viscosity. It was judged that the 
agglomeration of activated clay particles had caused the 

accumulation of those particles in the hole of the 

experimental device, leading to a drastic decrease in the 

viscosity time. 

 

 
Fig 10: Viscosity (fall time) 

4.2. Dry Time 

Figure 11 shows the dry time according to the addition rate 

of the activated clay. It was judged that an increase in the 

addition rate of the activated clay had no significant effect 
on the dry time. 

 

 
Fig 11: Dry time 

4.3. Thickness and Thermal Conductivity 

Figure 12 shows the coating layer thickness and thermal 

conductivity according to the addition rate of the activated 

clay. As the addition rate of the activated clay increased, the 

coating layer thickness tended to increase. It was judged that 

as the average of the measured values at a total of 10 points 

on one surface was calculated, the activated clay irregularly 

attached to the surface of the steel structure increased the 
average. 

As the addition rate of the activated clay increased, the 

thermal conductivity tended to decrease. It was judged that 

as the addition rate of the activated clay increased, the 

amount of micropores increased to such an extent that pores 

were formed inside the specimen, leading to a decrease in 

thermal conductivity. 

 
Fig 12: Thickness and thermal conductivity 

4.4. VOCs Adsorption 

Figure 14 shows experimental results for the amount of 

VOCs emitted for 24 hours according to the addition rate of 
the activated clay. Figure 15 shows experimental results for 
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the amount of VOCs emitted for 7 days according to the 

addition rate of the activated clay. As the addition rate of the 

activated clay increased, the amount of VOCs emitted 
tended to decrease. It was judged that the concentration of 

VOCs was reduced by physical adsorption caused by 

increasing the specific surface area through the acid 

treatment of montmorillonite, the main component of the 

activated clay. 

 
Fig 13: VOCs adsorption (24 hours ) 

 

Fig 14: VOCs adsorption (7 days ) 

5. CONCLUSION 

This study is a basic study for developing a functional 

heating paint that can absorb VOCs while compensating the 

defects in the spray-on insulation method and thermal 

conductivity of steel members. It conducted experiments 
according to some addition rates of the activated clay. As the 

addition rate of the activated clay increased, the viscosity 

decreased, and when it was 16% or more, it did not meet the 

ideal criteria for the viscosity time. Therefore, it selected the 

activated clay's maximum addition rate of 15% for the 

experiments. An increase in the addition rate of the activated 

clay had no significant effect on the dry time. Therefore, It 

has been judged that all of 0, 5, 10, and 15 (%) can be used 

for the addition rate of the activated clay if only the dry time 

is considered in improving constructability. As the addition 

rate of the activated clay increased, the coating layer 

thickness increased. It was judged that the activated clay 

irregularly attached to the surface of the steel structure 
increased the average of the coating layer thickness 

calculated by experiments. According to experiments 

conducted for 24 hours, the amount of VOCs emitted was 

reduced by about 62% when the addition rate of the 

activated clay was 15%, compared to when it was 0%. 

Therefore, it was judged that the most suitable addition rate 

of the activated clay to secure the ideal viscosity, dry time, 

and coating layer thickness and adsorb VOCs was 15%. 

6. REFERENCES 

 

[1] Jeong H.-S., & Lee S.-S. (2021). Indoor Air Improvement Evaluation 

of Matrix Using Activated Clay as Adsorbent. Master’s Thesis in 

Korea Hanbat University Graduate School. Daejeon, http:// www. 

riss.kr/search/detail/DetailView.do?p_mat_type=1a0202e37d52c72d&

control_no=c5f7c444f6dd84086aae8a972f9116fb&keyword=Indoor%

20Air%20Improvement%20Evaluation%20of%20Matrix%20Using%

20Activated%20Clay%20as%20Adsorbent 

[2] Choi B.-C., & Lee S.-S. (2022).  Properties of Granular Activated 

Clay Added Water-Based Paint for Improving Indoor Air. Quality. 

Master’s Thesis in Korea Hanbat University Graduate School. 

Daejeon. 

http://www.riss.kr/search/detail/DetailView.do?p_mat_type=be54d9b

8bc7cdb09&control_no=7a6cab4fac940a7affe0bdc3ef48d419&keywo

rd=Properties%20of%20Granular%20Activated%20Clay%20Added%

20Water-Based%20Paint%20for%20Improving%20Indoor%20Air 

[3] Choi B.-C., & Lee S.-S. (2021) Properties of Water-Based According 

to Particle Size of Granular Activated Clay. The Korea Institute of 

Building Construction, 21(2), 19-20. 

https://kiss.kstudy.com/thesis/thesis-view.asp?key=3912133 

[4] Choi B.-C., & Lee S.-S. (2021). Properties of Water-Based Paint 

according to the Addition Ratio of Granular Activated Clay. 

Architectural Institute of Korea 41(2), 423-424. https:// www. dbpia. 

co.kr/ journal/ articleDetail?nodeId=NODE11024990 

[5] Lee J.-H., & Lee H.-J. (2003). A Basic Study for the Development of 

Road Snow Melting System Using Heating Paint. Korean Society 

Civil Engineers D 23(6D), 827-834. https:// www. dbpia. co.kr/ 

journal/articleDetail?nodeId=NODE01225245 

[6] Kyoung I.-S., & Lee S.-S. (2021). Evaluation of Properties of Paint 

Using TiO2 and Powdered Activated Carbon for Reducing Harmful 

Substances. Doctor’s Thesis, Korea Hanbat University Graduate 

School. Daejeon. http:// www.riss.kr/ search/ detail/ Detail View.do? 

p_mat_ type=be54d9 b8bc7cdb09 &control_ 

no=6a501186c278c5fdffe0bdc3ef48d419&keyword=Evaluation%20o

f%20Properties%20of%20Paint%20Using%20TiO2%20and%20Powd

ered%20Activated%20Carbon%20for%20Reducing%20Harmful%20

Substances. 

[7] Dhawale, P., Gaurkhede, S. and Bobde, S., 2022. Performance of 

Matrix Converter and Direct Current Link Converter Fed Induction 

Motor Drive System. International Journal of Applied Science and 

Engineering Research, 3(1), pp.60-65. 

[8] Suresh, P., 2020. An Approach for Assimilatiion of Classifier 

Ensembles on the basis of Feature Selection and Diversity by 

Majority. Chinese Journal of Decision Sciences, 2(1). 

[9] Kyoung I.-S., & Lee S.-S. (2017). Improvement Evaluation of Indoor 

Air Quality on Eco-Friendly Mortar using Natural Adsorbent. 

Master’s Thesis in Korea Hanbat University Graduate School. 

Daejeon. 



Properties of Functional Heating Paint using Activated Clay for Indoor Air Quality 

 

 

Copyrights @ Roman Science Publications Ins.  Vol. 5 No. 4, December, 2023  

 International Journal of Applied Engineering & Technology 

6 

 

http://www.riss.kr/search/detail/DetailView.do?p_mat_type=be54d9b

8bc7cdb09&control_no=35ef13c480a1f89effe0bdc3ef48d419&keywo

rd=Improvement%20Evaluation%20of%20Indoor%20Air%20Quality

%20on%20Eco-

Friendly%20Mortar%20using%20Natural%20Adsorbent. 

[10] Choi B.-C., Kyoung I.-S., & Lee S-S. (2021). Adsorption Properties of 

Paint Mixed with Powdered Activated Carbon According to the 

Number of Coatings. The Korea Institute of Building Construction 

21(1), 25-26. https://kiss.kstudy.com/thesis/thesis-

view.asp?key=3887733 

[11] Choi B.-C., Kyoung I.-S., & Lee S.-S. (2020). Properties of Water-

Based Paint According to the Mixing Ratio of Powdered Activated 

Carbon. The Korea Institute of Building Construction 20(2), 48-49. 

https://kiss.kstudy.com/thesis/thesis-view.asp?key=3841815 Choi B.-

C., Park C.-W., Kyoung I.-S., & Lee S.-S. (2020). Properties of the 

water-based paint mixed with the photosynthetic bacteria for Indoor 

Air Quality Improvement. Architectural Institute of Korea 40(1), 360-

361. 

https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE0935575

6 

[12] Hwang J.-H. (2016). Copper-graphene composite materials as a 

conductive filler for thermal and electrical interface adhesive. 

Master’s Thesis in Inje University Graduate School. Gimhae. http:// 

www. riss.kr/ 

search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&contro

l_no=fe40f46752d8cd0fffe0bdc3ef48d419&keyword=%EC%A0%84

%EA%B8%B0%20%EC%A0%84%EB%8F%84%EC%84%B1%20

%EB%B0%A9%EC%97%B4%EB%8F%84%EB%A3%8C%EB%A5

%BC%20%EC%9C%84%ED%95%9C 

[13] Lee J.-H., Song M.-H., & Kang C.-H. (2016). Characteristics of 

Thermal Radiation Pastes Containing Graphite and Carbon Nanotube. 

The Korean Institute of Surface Engineering. 49(2), 218-224. 

https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE0666934

1  

 


