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Abstract. This research was conducted using a phototransformator reactor which was used to 

degrade humic acid with photocatalysts of calcined CuO plates for 1 hour at 4000C. This reactor 

is designed in hexagonal shape made of glass with a thickness of 3 mm which has a rotation with 

speeds of 1000, 1500 and 2000 rpm, in this reactor filled with 200 mL of humic acid. The light 

source used is direct sun, the catalytic process is carried out through the process of degradation 

of humic acid using a reactor. The time variations used are 1, 2, 3, 4 and 5 hours. Absorption of 

visible light of humic acid before and after degradation was 265 nm. The results show that in 

direct sunlight the highest average value of %degradation is 55.66% at a velocity of 1000 rpm 

1. Introduction  

Semiconductors are conductivity materials that are between conductors and insulators. Electron 

semiconductors will be excited on the surface of the material due to the help of light and will trigger a 

chemical reaction [1,17-28]. Humic acid is a heterogeneous organic compound that has a high molecular 

weight and is difficult to degrade and is generally yellow to black [2, 13-15]. This color will increase in 

intensity if there is an iron metal bound to the organic acid [3] 

The transformation of humic acid was also examined by N.C birben, C.M et all [4] after irradiation 

with UV 254 nm to 365 nm. The optical and electrochemical properties of humic acid are reported to 

undergo changes, as a function of species and aromatic properties after degradation or transformation 

[5] .Humic acid which is exposed to visible light and the catalyst causes the degradation of the greater 

the intensity of light, the better the degradation process [6, 13-15] . The use of sunlight as a photocatalyst 

activator is a promising thing, considering that the sun is the largest energy source in nature and can be 

obtained for free [7, 17-28]. 

Phototransfomator with CuO plates has been developed to be one of the best photocatalysts for the 

environment [8]. The CuO plate has the advantages of p-type semiconductor material [9] because it has 

a band gap of around 1.2 - 1.6 eV, capable of working on visible light or direct sunlight, can increase 

photocatalyst activity, low manufacturing costs and abundant availability, CuO can effectively degrades 

color molecules, and is widely applied in industrial worlds such as gas sensors and solar cells [10]. 
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2. Experimental Section 

2.1 Tools and material  

The tool used the research are Measuring Clynder 1 L, Volumetric Flask 1 L, Watch Glass,  Analytical 

Balance, Humic Acid Reactor, Furnace. Then the tools for characterization, XRD and SEM to determine 

morphology. The materials used in this study are humic acid, aquades, copper plate 0.3 mm (PT 

Metalindo). 

2.2 Methods 

2.2.1. Synthesis of Copper plate. Copper plate in the form of sheets (36.5 cm x120 cm) is cut into pieces 

2 cm wide and 7 cm. Then the copper plate is calcined in the furnace at 4000C for 1 hours, then cool for 

5 hours. The Copper oxide plate is then tested with XRD and SEM after it will ve installed into the 

reactor that is designed. 

2.2.2 Making Reactor Design. Mobile photoreactor, which is clear glass with a thickness of 3 mm made 

of hexagonal reactor , then given a dynamo and dynamo controller (12-24V.8A DC dimmer) with 

electricity (2A / 12V adapter and cable) and a Techometer to regulate RPM (DT-2234C +), then the 

dynamo is connected to the stirrer with a copper oxide plate with a size of 7 x 2 cm . 

 
Figure 1. Photoreactormobile; (1. Parts of the lid; 2. Parts of the lid; 3. Dynamo; 4. 

Stirer; 5. Plate clamp; 6. Plate; 7. Dynamo controller; 8. Plug) 

 

2.2.3 Test of Humic Acid Photocatalyst Degradation. A total 200 mL of 20 ppm humic acid solution 

into the first reactot with the help of direct sun at the time of 1, 2, 3, 4, and 5 hours. Then sort absorbance 

by UV-Vis spectrophotometer dengan panjang glombang 265 nm. 

3. Result and Discussion 

3.1. CuO plate characteristics with XRD and SEM 

The CuO plate characteristics with xrd are used to determine the structure and size of the crystal [11]. 

XRD provides information about structure, phase, texture, crystallinity, crystal size of CuO plates [12]. 

The results obtained from XRD on CuO plate samples after calcining, there are two peaks in CuO and 

Cu2O. In the CuO compound 80.42% and Cu2O compounds are 77.36%. 
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Figure 2. XRD Characteristics [29] 

SEM characteristics are used to determine the surface of the sample. The results of this study were 

carried out before calcination and after calcination using a furnace at 4000C for 1 hour and cooled for 5 

hours. The calcination process at 1 hour aims to form an oxide into CuO while if the temperature is less 

than 4000C it will form a plate [13, 22-23, 29]. Scanning Electron Microscope (SEM) results obtained 

after and before calcination at 5000x magnification can be seen in the figure 3. 

 
a) Before being calcined    b) After Being calcined 

Figure 3. SEM Characterization [22-23] 

From the CuO plate surface image at 5000x magnification, it is known that the CuO plate surface 

after calcination for 1 hour at 4000C gets optimal results, namely oxide formation from Cu plate to CuO 

and changing the conductor properties for semiconductors and catalysts so that it can be used as a 

photocatalyst humic acid. 

3.2. Effect of catalytic and dynamic for phototransformator humic acid 

Phototransfomator process in visible light obtained the optimum value of% D for 4 hours at a rotation 

speed of 1000 rpm is 57.23%, at a rotation speed of 1500 rpm the optimum value %D at 2 hours is 

56.53% and at 2000 rpm the optimum value at 3 hours that is 51.51%. The results showed that the higher 

the rotational speed, the optimum value% D was lower due to the faster stirring process so that the 

interaction between CuO plate and humic acid was less, the velocity of rotation resulted in empty space 



The 2nd International Conference on Research and Learning of Physics

IOP Conf. Series: Journal of Physics: Conf. Series 1481 (2020) 012037

IOP Publishing

doi:10.1088/1742-6596/1481/1/012037

4

between humic acid and CuO plate so that the interaction was not fully formed . The optimum value of 

each speed has different times. This is related to the reflected light rays and the rotation performed [14]. 

  
Figure 4. Effect of rotary speed and illumination time for degradation 

 

Graphic images at a rotation speed of 1000 rpm, 1500 rpm and 2000 rpm a decrease in% Degradation, 

a decrease in% Degradation caused by CuO plate has reached saturation so some particles from CuO no 

longer participate in the degradation process of humic acid [15]. 

The direct process of irradiation with sunlight causes an interaction with the CuO plate photocatalyst 

with an OH. OH formed due to the irradiation process. The photocatalyst will react due to the energy of 

the photon and will be excited to form electron holes and recombinant holes. The active side of the CuO 

plate catalyst where recombination and electrons occur when it is used, the other molecules will survive 

on the surface of the CuO plate so that rotation is needed so that the molecule is released in the part that 

survives on the surface of the CuO Plate. Turnover causes the solution to react with oxygen faster so 

that% D is high. 

Electrons in the conduction band on the surface of the CuO plate will react with O2 to form 

superoxide radical anions and react again with absorbed water molecules to produce OH ions and in the 

valence band on the surface the CuO plate reacts with OH ions to form •OH which will degrade humic 

acid direct sunlight causes interaction with the CuO plate photocatalyst with an OH radical formed due 

to the irradiation process. The photocatalyst will react due to the energy of the photon and will be excited 

to form electron holes and recombinant holes. The active side of the CuO plate catalyst where 

recombination and electrons occur when it is used, the other molecules will survive on the surface of 

the CuO plate so that rotation is needed so that the molecule is released in the part that survives on the 

surface of the CuO Plate. Turnover causes the solution to react with oxygen faster so that % D is high. 

 

4. Conclusion 

Photocatalysts can react to direct sunlight resulting in excitation of electrons forming recombinant 

electrons and holes [16], the active side of the catalyst found in recombinant makes humic acid react 

with CuO plate so that phototransfomator occurs and forms OH radicals, rotation is used so that humic 

acid is completely degraded and opens a closed part on the surface of the closed CuO plate. The results 

showed that good degradation occurred at 1000 rpm rotation, the optimum value of% D was 57.23%, 

while at 1500 rpm and 2000 rpm it decreased by 56.53% and 51.51%, because of the high Cuo and 

humic acid react so that it is difficult to degrade. 
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