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Design of a shoe rack for effective sterilization and deodorization of
the shoes contaminated by various bacteria
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Abstract The aim of this study was to establish the optimal conditions to design a shoe rack that could effectively
sterilize and deodorize shoes contaminated by various bacteria. The manufacture and evaluation of a shoe rock was
conducted for one year from October 2014 to September 2015. The antibacterial efficacies were evaluated using
Escherichia coli and Staphylococcus aureus by JIS Z 2801:2010. The deodorization efficiency was identified by the
standard method for deodorization efficiency evaluation of an indoor air cleaner established by Korea Air Cleaning
Association, SPS-KACA002- 132:2006.

The results showed that antibacterial evaluation showed more than 99.9% of the sterilization effects on Escherichia
coli and Staphylococcus aureus after exposure to ultraviolet (UV) light for 30 seconds. The average deodorization
efficiency for the test gases was 42.5%. The temperature in the shoes and in the shoe rack was lower than 40°C and
257, respectively, when the UV lamp was turned on for 5 minutes and off for 25 minutes repeatedly. This was
controlled by turning the UV lamp on and off to maintain the appropriate temperature in the shoes. In conclusion,
the real deodorization efficiency is expected to be higher than the measured value because the internal volume of the
shoe rack was smaller than the test chamber used to measure the deodorization efficiency. The deodorization effect
could be increased further by the sterilization of bacteria causing bad odors in shoes. Further studies will be needed
to determine the temperature deviations within the shoe rack to provide constant conditions.

Keywords : active carbon, deodorization, shoe rack, sterilization, UV lamp
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Shoes Sterilizer

. Image of the developed shoe rack. (a)The outside
of a shoes rack (b)The inside of a shoes rack.
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Fig. 2. Internal components and diagram of electrical
system. (a) Connection line structure, (b)
Miniature of electricity component
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Fig. 3. Design of shoe rack and anodization of aluminum
alloys. (a) Design of shoe rack, (b) aluminum alloys.
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Table 1. UV-light irradiation time for antibacterial
evaluation
Division 1 2 3 4 5 6
Time(sec) 0 10 30 60 180 300

Fig. 4. Inoculation of bacteria and UV-light irradiation (a)
Inoculation, (b) UV-light irradiation
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Fig. 5. Culture test of Escherichia coli after exposure of
ultraviolet (UV) light for (a) 0 second, (b) 10
seconds, (¢) 30 seconds, (d) 1| minute, (e) 3
minutes, (f) 5 minutes.

Fig. 6. Culture test of Staphylococcus aureus after
exposure of ultraviolet (UV) light for (a) 0
second, (b) 10 seconds, (¢) 30 seconds, (d) 1
minute, (¢) 3 minutes, (f) 5 minutes.

Table 2. Reduction ratio of bacteria after culture test

Concentration of bacteria

Name of Time of (CFU/mL)
bacteria exposure Pre- Post- Reduction
value value ratio
]13(1)3:; 1‘5x10: 1.5x102 .
. 1‘5x104 5.0x102 66.7 %
1.5x10 1.5%10 99.0 %
Eschertéhta 0 sec Lsx10* <10 999 %
coli Tgoszzc 1.5x10;‘ <10 99.9 %
300 e 1.5x10 <10 99.9 %
Blank 13x10°  13x10* -
10 sec 1.5x10"  4.1x10° 723 %
Staphylococ 30 sec 1.5x10"  1.5x10° 99.0 %
cus aureus 60 sec 1.5x10* <10 99.9 %
180 sec 1.5x10°* <10 99.9 %
300 sec 1.5x10* <10 99.9 %
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Table 3. Deodorization efficiency for various test gases

Gases of test

Formaldehyde (HCHO)
Acetaldehyde (CH3;CHO)
Toluene (CsHsCHs)

Amonia (NH3)

Ethylene (C;Ha)

Methyl mercaptan (CH3;SH)
Mean

Deodorization efficiency (%)
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