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Abstract: Recently, as carbon dioxide emission increases, global warming is rapidly progressing, and indoor air quality is
also affected. In this study, a functional paint was prepared by mixing purple bacteria in an water-based paint, and carbon
dioxide adsorption, alkali resistance, and impact resistance were tested. The mixing ratio of purple bacteria is set to 0, 5, 10,
15 (%), and the carbon dioxide adsorption experiment is divided into the case of no light and the case of light. As a result, In
the absence of light, complete sealing is achieved as the carbon dioxide concentration in the empty chamber according to the
mixing ratio of purple bacteria is considered to be kept constant as 100%. The carbon dioxide concentration of the paint
without the purple bacteria was higher than that of the purple bacteria. In the case of light, the decrease of the carbon dioxide
concentration tended to be more active than in the case of no light. There was no difference in alkali resistance and impact
resistance when comparing the paint without the purple bacteria and the paint mixed with it. In addition, there was no
difference even when the incorporation rate of purple bacteria increased. Finally, as for the viscosity, the faster the fall time
of the paint, the lower the viscosity of the paint, and the drying time, the lower the viscosity of the paint, the longer the
drying time. Therefore, It is believed that water-based paints mixed with purple bacteria can improve indoor air quality by
adsorbing carbon dioxide.
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1. Introduction

As shown in [Figure 1, 2], as the seriousness of global warming has recently emerged, environmental
movements to reduce carbon emissions are being carried out at a global level. Carbon dioxide is a problem that
must be solved even in the construction industry, which accounts for more than a quarter of national energy and
resource consumption, and new technologies are developed through various researches and environmental
impact assessment methods are being conducted. In addition, as buildings are closed as they enter the modern
society and people's interest in the environment increases, interest in indoor air pollution is increasing, and
carbon dioxide is a factor that degrades indoor air quality. As a solution to this, purple bacteria can reduce
carbon dioxide through photosynthetic action, but it is mainly used for agriculture, livestock, and fisheries, so
research in terms of materials is insufficient[1,2,3,4,5,6,7]. Therefore, this study aims to produce functional
paints using purple bacteria to reduce carbon dioxide emissions and present them as basic research data to
examine the practical use of functional paints.
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Figure 1 Averaged carbon dioxide concentration in 2014 (source : BBC news)

Figure 2 Global warming and carbon dioxide emissions (source : climateandcapitalism / sciencemag)

2. Experimental plan
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This experiment derived the maximum incorporation rate using purple bacteria. Then, after selecting a
comparable mixing ratio within the maximum mixing raio range, carbon dioxide adsorption, alkali resistance,
impact resistance tests, viscosity, and drying time experiments are conducted. As for the experimental factors
and levels, as shown in [Table 1], the incorporation rates of purple bacteria were selected as 0, 5, 10, 15 (%), and
the curing conditions were dry curing. The criterion for dividing the range of the mixing ratio of purple bacteria
was that when the paint containing purple bacteria was visually observed, the degree of plastering and viscosity
was judged to function as paint up to 15%, and when it exceeded 15%, it showed the same viscosity as water to
be.

Tablel Experimental factors and levels

Experimental factor Experimental levels
Paint type Internal water-based paint
Mixing ratio of purple bacteria 0,5, 10, 15 (%)
Curing conditions Dry curing
Test items Carbon dioxide adsorption, Alkali resistance, Impact resistance,

Viscosity, Drying time

2.1 Materials
2.1.1 Purple bacteria

It is a fungus belonging to inorganic nutrients that can synthesize organic nutrients necessary for
development from inorganic substances in the environment, and absorbs light energy and uses carbon dioxide as
a carbon source. The photosynthetic bacteria used in the study (purple bacteria), as shown in [Figure 3], form
water and organic matter without consuming oxygen by receiving light energy from carbon dioxide and
hydrogen. The viable cell count of this product contains 4.0%107cfu/ml and is a bacteria that prefers
anaerobicity[1,3].
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Figure 3 Purple bacteria adsorption mechanism

2.1.2 Water-based paint

Paint is a chemical product in a fluid state that gives the object the desired performance by applying it to the
surface of an object to form a dried film layer. The paint used in this study used 88-Tex 2000 Grade 2, a water-
based paint for interior use, and the color was white, and the volume solid was 88 Tex 2000 Grade 2 (43.1%),
and the dilution rate was water. It can be diluted up to 5%.[8,9,10]

2.2 Experimental methods
2.2.1 Carbon dioxide adsorption test

A 100x100x40 (mm) test sample is placed after maintaining a constant standard carbon dioxide
concentration in a sealed empty chamber of a functional paint containing purple bacteria. Next, it is measured
using a carbon dioxide concentration meter (ISR-5000). The measurement time was 2 hours and the
concentration was checked every 20 minutes. When measuring adsorption, it is carried out in two cases: light
and no light. [Figure 4] shows the adsorption test method.
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Figure 4 Adsorption test

471



Byungcheol Choi and Insoo Kyoung and Sangsoo Lee*

2.2.2 Alkali resistance test

For alkali resistance, paint and cure a functional paint containing purple bacteria on a 150x50x30 (mm) test
specimen according to KS F 4715 (thin finishing wall coating material), and then paint and cure the back and
sides with epoxy resin paint. . The cured test sample is filled with a saturated solution of calcium hydroxide at
20+2°C to a height of about 90mm in a beaker, and the test sample is immersed vertically for about 24 hours.
After 24 hours, take out the test specimen, wipe it dry, and after drying in an air-dry condition for 3 hours,
visually check the presence or absence of fine cracks, deformation, swelling, peeling, and melting, and compare
it with the part not immersed in the test solution. [Figure 5] shows the alkali resistance test method.

Figure 5 Alkali resistance test

2.2.3 Impact resistance test

For the impact resistance, a test body 300x300x60 (mm) was produced according to KS F 2221 (Impact test
method for building boards), and a functional paint mixed with purple bacteria on the test body was painted and
cured, followed by repainting and curing. The impact resistance test is measured by dropping a weight of 500g
from a height of 30cm based on the upper surface of the test object based on KS F 4715 (thin finishing wall
coating material). This test is carried out in 3 places more than 5¢cm apart and visually checks for fine cracks,
swelling, deformation and peeling. [Figure 6] shows the impact resistance test method.
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Figure 6 Impact resistance test

2.2.4 Viscosity

The viscosity test method of the paint is carried out as a simple experiment as shown in [Figure 7]. The mass
of the paint is set to 50g and the drop height is 30cm. Put the paint in a cup and drop it, and measure the time
when all the paints have fallen.
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Figure 7 Viscosity

2.2.5 Drying time(full hardness)

For the drying time of the paint, a simple experiment is conducted in accordance with KS M 5000 (test
method for paint and related raw materials). Full hardness is considered full hardness if the coating film is
scratched with a fingernail or a knife tip and feels that it is hard and hard to scratch.

3. Experimental result and analysis
3.1 Carbon dioxide adsorption

[Figure 8] shows the results of adsorption experiment according to the mixing ratio of purple bacteria in the
absence of light. The empty chamber is completely sealed as it is kept constant when the reference carbon
dioxide concentration is 100%. In the case of purple bacteria incorporation rates of 0, 5, 10 and 15 (%), the
reduction in carbon dioxide concentration is 37.8, 27.7, 29.9, and 35.0 (%), respectively, and the reduction trend
is not clear. In addition, the carbon dioxide concentration of the paint without the purple bacteria was higher
than that of the purple bacteria. This is thought to be due to the fact that the purple bacteria exhale carbon
dioxide by respiration. [Figure 9] shows that in the case of light, as in the case of no light, the reference carbon
dioxide concentration in the empty chamber is constant, and the carbon dioxide concentration decreases as the
mixing ratio of purple bacteria increases. Purple bacteria 0, 5, and 10 (%) reduced the carbon dioxide
concentration by 51.7, 54.6, and 55.2 (%), respectively, and from 15%, the carbon dioxide concentration
decreased by 66.7%. In the case of light, the decrease of carbon dioxide concentration tended to be more active

than in the case of no light.
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Figure 8 CO; concentration relative to initial concentration (No light)

473



Byungcheol Choi and Insoo Kyoung and Sangsoo Lee*

100.0 —% —
\ 100.0

80.0 Q
& \
§ 60.0 I Empty Chamb
g 183 =4==Empty Chamber
5 o PR
c
S 400 \465 PB 5%
§ 133 PB 10%

—4=PB 15%
20.0
0.0 + T T T

0:00 0:20 0:40 1:00 1:20 1:40 2:00
Time (M)
Figure 9 CO; concentration relative to initial concentration (light)

3.2 Alkali resistance

[Figure 10] shows the alkali resistance test according to the mixing ratio of purple bacteria. Based on the
straight line in [Figure 10], the left side is the part dipped in calcium hydroxide solution and the right side is the
part not soaked. Paints that did not contain purple bacteria did not show swelling, deformation, fine cracking, or
discoloration. In addition, swelling, deformation, discoloration, and fine cracking did not occur in all three cases
in which 5, 10, and 15 (%) were added. When comparing only the alkali resistance, there is no difference
between a paint containing purple bacteria and a paint without mixing.
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Figure 10 Alkali resistance according to the mixing ratio of purple bacteria
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3.3 Impact resistance

[Figure 11] shows the impact resistance test according to the mixing ratio of purple bacteria. When the paint
that did not contain purple bacteria was observed with the naked eye, it was confirmed that the place where the
weight was dropped was hollow. When 5, 10, and 15 (%) were added, in all three cases, the degree of depression
was similar to that of the paint without mixing purple bacteria. In addition, fine cracking and swelling did not
occur. When comparing the impact resistance alone, there is no difference between the paint containing the
purple bacteria and the paint without the addition.
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Figure 11 Impact resistance according to the mixing ratio of purple bacteria

3.4 Viscosity
[Figure 12] shows the viscosity according to the mixing ratio of purple bacteria as time. As the mixing ratio

of purple bacteria increases, the viscosity of the paint decreases and the fall time decreases. This is thought to
affect the viscosity of the paint because the purple bacteria are in liquid form.
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Figure 12 Viscosity according to the mixing ratio of purple bacteria

3.5 Drying time(full hardness)

[Figure 13] shows the drying time according to the mixing ratio of purple bacteria. As the mixing ratio of
purple bacteria increases, the viscosity of the paint decreases and the drying time tends to be delayed. It is

believed that since the purple bacteria are in a liquid form, the viscosity of the paint is low and the moisture is
high, which affects the drying time.
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Figure 13 Drying time(full hardness) according to the mixing ratio of purple bacteria
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4. Conclusions

The maximum mixing ratio of paints containing purple bacteria can be up to 15%, and if the workability of
the paint is considered, it is judged that less than 15% of purple bacteria is appropriate. In addition, it is judged
that the incorporation rate of purple bacteria increases, and when light is present, carbon dioxide adsorption
performance tends to be higher than when there is no light. There was no difference in alkali resistance and
impact resistance when compared to water-based paints that did not contain purple bacteria. As for the viscosity,
the faster the fall time of the paint, the lower the viscosity. This is thought to affect the viscosity of the paint
because the purple bacteria are in liquid form. As for the drying time, the lower the viscosity of the paint, the
longer the drying time. It is thought that this affects the drying time for reasons such as viscosity. Therefore, it is
judged that an aqueous paint incorporating purple bacteria can reduce carbon dioxide emissions to improve air
quality and be used as a functional paint.
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