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In this study, we created a microplastic texture by a mixture of PVC (polyvinyl chloride)-acetone and carbon 

black (CB) solution under alternative high voltage. The results showed that the contact angle of the microplastic 

texture reached a maximum of 138˚ when 1.5 wt.% CB was added. The CB 1.5 wt.% showed “spiky” shape of 

microplastic texture was observed by FESEM. 
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1. Introduction 

Nowadays, the world is facing the problem of energy 

consumption. According to the report of the Ministry of 

Economy, Trade and Industry 2021 in Japan, the power 

consumption of refrigerators which are essential 

appliances in household work 24 hours a day, 7 days a 

week. The energy consumption reaches 120–550 kWh 

depends on a size of it, and all of them have defrost 

system which is mostly heater on surface of a heat 

exchanger. Although, defrost heater is essential to 

remove frost from heat exchange pipes and fins in freezer, 

a heater works to defrost causes temperature rise in the 

freezer, use additional power consumption. Therefore, 

reducing such heater work period and cycles/day is 

necessary to decrease power consumption. To solve this 

problem, icephobicity surface is demanded to prevent 

frost adhesion on a heat exchanger. Previously, we 

developed a microplastic texture building procedure by 

polyvinyl chloride solved in acetone solution put 

between a pair of parallel electrodes and applying 

alternative voltage. Around 10 µm spherical shape of 

microplastic texture was successfully generated, however, 

contact angle of water was still less than 100˚[1]. 

Moreover, to apply heat exchanger, heat transfer ability 

is important. So, in this study, we add carbon black (CB) 

to the PVC acetone solution to achieve higher contact 

angle than 100˚ and obtain high heat transfer ability 

surface. The building up microplastic texture with CB 

was conducted at 0, 1.0, 1.5, and 2.0 wt.% of CB in the 

solution, and compare apply/no apply of voltage. Then, 

the surface morphology was observed by field emission 

scanning electron microscope (FESEM) and contact 

angle measurements were conducted.  

2. Experimental procedure 

A high voltage power supply was applied to a pair of 

electrodes with 5 mm gap. A 5×5×1 mm aluminum 

alloy test piece was put in the middle of the electrode 

plate. A PVC-acetone with CB solution was dropped onto 

the test piece with a syringe. The solution was prepared 

with different CB amount, such as 0, 1.0, 1.5, and 2.0 

wt.%. The applied voltage and frequency were 2 kV and 

11 Hz, respectively. The instruments of a 677B power 

supply (Trek Japan) was used as a quadrature high 

voltage power supply, a function generator AD-8623 

(A&D) was used to control the electric field output of the 

power supply. An oscilloscope (Tektronix TBS2000) and  

a high voltage probe (P6015A) were prepared to measure 

the output voltage. The surface morphology of 

microplastic textures on specimens were observed by 

FESEM. 

3. Results and discussion 

The microplastic textures observed by FESEM are shown 

in Figure 1(a)–(d). Without CB in the solution, no 

spherical shapes of textures are built (Figure 1(a)). On the 

other hand, there are clear spherical shapes on the 

surfaces were observed (Figure 1(b)–(d)). Especially for 

the 1.0 wt.% CB specimen showed “spiky” spherical 

shapes. Contact angle measurement result is shown in 

Figure 2. Without CB specimen shows less than 100˚, 

however, all CB containing specimens show high contact 

angle. The maximum contact angle of 138˚ was obtained 

by 1.5 wt.% CB with applying voltage specimen. 

 

 
Figure 1: FESEM observation for microplastic texture 

(a) 0, (b) 1.0, (c) 1.5, and (d) 2.0 wt.% of CB  

 

 
Figure 2: The relation between CB concentration and 

contact angle 
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