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ABSTRACT

UV light radiation is the most important thing to sterilize medical devices. Over years studies continue to
develop technology for sterilization using UV lights. This study aimed to develop an affordable UV cabinet
sterilizer design by optimizing UV light using aluminum foil. The main contribution of this study is that the
device can optimize the UV light intensity to whole over the cabinet. For instance, the device was only used
two UV lamps as resources. Furthermore, the UV lights reflecting on the aluminum foil surface. To validate
the results, the intensity of UV light was measured using a UV analyzer. The intensity was measured at 5
different points inside the device. This study has shown the measurement of UV light intensity at 5 different
points were almost similar. The highest intensity was on center point 860ui/cm* , on the front area 632
uWfem® and 606uW /cm®. On the rear area, the intensities are 630 wi/em® and 670uW/cm®. This study
improved the UV light intensity by using an aluminium surface to reflect the lights. This study has proven that
UV radiation can be maximized by using the aluminum foil as the light reflector.
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INTRODUCTION

Sterilization is an important part of maintaining medical devices, it is a process to prevent
the spread of viruses and diseases from medical devices that have been used. Technologies
to sterilization and disinfection of medical devices are continued to develop a decade.
Various methods are developing not only on technologies but also on the process used.
Generally, sterilization processes on medical devices are divided into two processes, high-
temperature process and low-temperature process (1).

Low-temperature processes are usually used for medical devices that unable to withstand
high-temperature. Radiation heat transfer technology using UV radiation is an example of
this process. Over years UV light was developed to sterilize medical devices(2). Many
studies have developed tools for sterilization using UV lamps. The author in (3) and (4)
registered patent an ornamental design of a portable UV sterilizer, similarly author (5) also
registered patent an ornamental design.

Research performed by Card et al found that UV radiation not linear on differential
geometry and object’s distance to the source (6). Author (7) provided a hand dryer but the
UV radiation decrease as the farther the distance from the UV light source. It is important
to ensure optimum UV radiation to disinfect things. Despite the numerous work carried out
on the same study, no previous investigation has thoroughly investigated how to optimize
the UV light radiation in a sterilizer cabinet.

Hence this work is to develop an affordable UV cabinet sterilizer design by optimizing
UV light using aluminum foil. Aluminum is considered to be the most important mirror
metals. The aluminum has a high reflectance in all useful regions, the ultraviolet, visible,
and infrared (8). The contribution of this study is to develop an affordable new design of
UV sterilizer cabinet by optimizing the UV radiation
METHODS
Experimental Setup
This study is used UV lamps to sterilize the objects. The relay module was used as the
automatic switch for the lamp. The buzzer was used to give notice by making a sound when

the process is complete. The Arduino Uno microcontroller was used to control all the works
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of the device. LCD 12C 16x2 was used to display the time and the menu. The aluminum

foil was used as a light reflector.

ORE = INC

0
0 ©

Fig. 1. Five Points to Measure The Intensity

In this study, the aluminum foil was affixed to all sides in the box. Then, the
intensity of UV light was measured using a UV analyzer. By placing the analyzer on the
tray in the box for 1 minute. The distance between the UV lamps and the tray is 18.5 cm.

The intensity was measured at 5 different points as shown in Fig. 1
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Fig. 2. The Diagram Block of UV Sterilizer Cabinet

The Flowchart
The Arduino program was built based on the flowchart as shown in Fig.3. After the

initialization of the LCD, the time can be set with the up button and the down button. Then,
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the time will be displayed on LCD I2C. UV lamps will turn on when the time has been set
and the start button is pressed. After that, the program starts to count down the time until

the process is complete. Lastly, the UV lamps will turn off and the buzzer will active.

‘ Initialization on LCD ‘
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‘ Displayed on LCD ‘
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Down Button Pressed?
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Fig. 3. The Flowchart of UV Sterilizer Cabinet
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Start The Process
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‘ Counting Down The Time ‘
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Fig. 4. The Flowchart of UV Sterilizer Cabinet (Continued)

RESULTS AND DISCUSSION
The Program of UV Sterilizer Cabinet
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In this study, the program was built to set the duration of the sterilization process. The
duration (hour, minute, second) was set manually. The hours, minutes, and seconds can be

set with the buttons.

IF the step is SetHOUR THEN
IF up button is pressed THEN Add 1 to SetHOUR
ENDIF
IF down button is pressed THEN Remove 1 to SetHOUR
ENDIF
IF reset button is pressed THEN Reset the SetHOUR
ENDIF
IF select button is pressed THEN Set the minute
ENDIF
Print SetHOUR

ENDIF

IF the step is SetMINUTE THEN
IF up button is pressed THEN Add 1 to SetMINUTE
ENDIF
IF down button is pressed THEN Remove 1 to SetMINUTE
ENDIF
IF reset button is pressed THEN Reset the SetMINUTE
ENDIF
IF select button is pressed THEN Set the second
ENDIF
Print SetHOUR:SetMINUTE
ENDIF

IF the step is SetSECOND THEN
IF up button is pressed THEN Add 1 to SetSECOND
ENDIF
IF down button is pressed THEN Remove 1 to SetSECOND
ENDIF
IF reset button is pressed THEN Reset SetSECOND
ENDIF
IF select button is pressed THEN Start the process
ENDIF
Print SetHOUR:SetMINUTE:SetSECOND

ENDIF

IF the process is starting THEN
Turn on the UV lamp
Count down SetHOUR:SetMINUTE:SetSECOND
Print Count down
IF SetHOUR:SetMINUTE:SetSECOND<=0 THEN
Turn off the UV lamp
Turn on Buzzer
ENDIF
ENDIF
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The UV Sterilizer Cabinet Design

The design of “UZeBeAr” UV sterilization cabinet that was shown in Fig. 4 used acrylic
boards with thickness 3 mm and a size of 40 cm x 21 cm x 30 cm. The design was
completed with the buttons to set menu and time. The aluminum foil was affixed to the

inside of the box as shown in Fig. 5
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Fig. 5. “UZeBeAr” UV Sterilizer Cabinet Fig. 6. Aluminum Foil Inside The Box

. The illustration of the difference between UV light exposure without aluminum foil

and UV light exposure with aluminum foil as shown in Fig. 6 and Fig. 7, respectively
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Fig. 7. Light Exposure without Aluminum Foil  Fig. 8. Light Exposure with Aluminum
Foil
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The Measurement of UV Light Intensity
The intensity was measured by a UV analyzer placed on the tray in the box. There are five
different points in the work zone. The different points are intended as an analysis of the

highest UV light intensity. The result of the measurement is shown in table |

Table 1. The Result of UV Light Intensity Measurement Using UV Analyzer

Point Area  Average of UV Light Intensity

1 860 uW /cm?
2 630 uW /cm?
3 632 uW /cm?
4 606 uW /cm?
5 670 uW /cm?

The data on table 1 shows the highest UV light intensity is 860 g /cm® which is the 1%
point area as the center point of the device. On the other hand, UV light intensity on
another point area shows similar results.

Discussion

In this study, the purpose of using aluminum foil is to improve the UV light radiation. UV
light radiation is one of the crucial factors to reach the level of sterility expected from the
UV sterilizer cabinet (9)(10)(11).

Based on the illustration in Fig. 6, UV light radiation only comes from the above and
the below where UV lamps are located. Therefore, UV light only exposes the top and the
bottom of the contamination material. However, based on the illustration in Fig. 7, UV light
radiation comes from all directions because it is reflected by aluminum foil which is affixed
to the inside of the box. Hence, UV light can expose all sides of the contamination material.
After measuring the intensity of UV light, the data shows the highest intensity is
860uW /cm”. That is on the 1 point which is the center of the work zone. And because of
the reflection of UV radiation, the intensity can be maximized on the front area and the rear
is. The data shows on the front area, the intensities are 632 uW /em* and 606uW /cm*. On
the rear area, the intensities are 630 uW /em* and 670uW /em*. Compared to another

study built a 148 mm x 66 mm UV sterilizer optimizing the radiation using heatsink at the
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lamp (12) the highest intensity of the UV radiation was 70.1 W/m? but also increased the
temperature of the object.

Although this study gave significant improvement on UV sterilizer design, however,
there is some limitation of this work. Obviously, UV light intensity can be reflected but will

also decrease as the farther the distance from the UV light source.

Conclusion

This study aimed to optimize the UV sterilizer cabinet by optimizing UV light using
aluminum foil. This study proved that UV radiation can be maximized by using the
aluminum foil as the light reflector. This study has shown the measurement of UV light
intensity at 5 different points were similar, the highest intensity was 860uW /cm?. In
summary, the study addressed the problem of reduced UV radiation in a sterilizer cabinet.
Future studies should focus on a new way to optimizing the exposure of the UV lights and
overcome the problem of reduced UV intensity due to the distance from it’s sourced.

Further research needs to improve how to amplify UV radiation.
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