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In this study, the purification of caffeine by electrochemical oxidation, one of the 

advanced oxidation processes, was systematically investigated. A boron-doped 

diamond electrode was used as the anode, which has a high potential for the 

production of large amounts of hydroxyl radicals. The effects of applied current 

density, initial pH, supporting electrolyte concentration, cathode type, anode-cathode 

distance, and initial caffeine concentration were evaluated. The results showed that 

the electrochemical degradation rates of caffeine follow pseudo-first-order kinetics, 

with rate constants ranging from 0.0154 to 0.0496 min-1 depending on the operating 

parameters. The applied current density and the electrolysis time proved to be the 

most important parameters influencing both caffeine degradation and energy 

consumption. However, varying the initial caffeine concentration and the 

concentration of the supporting electrolyte also influenced the caffeine degradation 

rates. Changing the anode-cathode distance and the type of cathode has no effect on 

the rate of caffeine degradation, but it does have an effect on energy consumption. A 

current density of 20 mA cm-2, a supporting electrolyte concentration of 50 mM 

K2SO4, an anode-cathode distance of 2 mm, a cathode type of stainless steel, and an 

initial solution pH of 3 were found to be optimal values for the degradation of a 

solution containing 25 mg L-1 caffeine in 45 minutes using a boron-doped diamond 

anode. Finally, it was found that the pH value of the solution tended to increase 

during electrolysis. 

 
1. Introduction 

 

The pollution of surface waters such as rivers and 

lakes with organic pollutants is a growing 

concern today. Protecting surface waters from 

potential contamination is of great importance as 

they are the main source of drinking water in 

many countries around the world. 

Pharmaceuticals and personal care products, 

endocrine-disrupting compounds, and pesticides 

are the primary pollutants of concern [1-3]. 

Pharmaceuticals and personal care products have 

become a primary concern for scientists and 

regulators as they have been shown to negatively 

impact freshwater fish and invertebrates and 

contribute to the development of antibiotic-

resistant bacteria [4-6].  

 

Caffeine is one of the most widely consumed 

food ingredients in the world and has been used 

for thousands of years. Caffeine is a 

methylxanthine alkaloid found in varying 

amounts in the beans, leaves, and fruits of more 

than 60 plants, including coffee beans, tea leaves, 

kola nuts, and cocoa beans [7, 8]. It is found in 

coffee, tea, chocolate, and some soft drinks, as 

well as in medicines and dietary supplements [9]. 

Coffee in particular, with 2.25 billion cups 

consumed every day, is the world’s most traded 

beverage after oil [10].  

 

Caffeine is also an important compound used in 

the pharmaceutical industry. Therefore, large 

amounts of caffeine are needed for the 
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production of various beverages, foods, and 

medicines. In line with increasing consumption, 

caffeine is continuously discharged into water 

bodies worldwide. Caffeine was detected at 8.5-

50 μg L-1 in effluent from hospital wastewater 

treatment plants in Spain [11], 2.9-83 μg L-1 in 

wastewater in the Czech Republic [12], 0.23-20.7 

μg L-1 in wastewater in Saudi Arabia [13], 5.64-

6.20 μg L-1 in wastewater in Pakistan [14], 27.8-

642 μg L-1 in wastewater in China [15], and 20.8-

159 μg L-1 in wastewater and 62.6 to 129.3 μg L-

1 in hospital wastewater in Türkiye [16].  

 

After the discharge of caffeine into the aquatic 

environment, it is extremely stable due to its high 

solubility in water and a half-life reported to be 

100-240 days [16, 17]. Conventional wastewater 

treatment processes cannot completely remove 

caffeine, which leads to its presence in surface 

waters, groundwater, oceans, and other water 

bodies and thus has a negative impact on 

ecosystems and the environment [18, 19]. 

Caffeine can also have negative effects, such as 

neurological damage and reproductive effects, 

and can even affect the survival of aquatic 

organisms [20]. Therefore, wastewater 

containing caffeine must be treated before 

discharge into the receiving environment to 

avoid environmental problems caused by the 

excessive use of caffeine and the low removal 

efficiency of conventional wastewater treatment. 

 

Conventional wastewater treatment systems for 

domestic and industrial wastewater are 

insufficient to remove some persistent organic 

pollutants. Other treatment systems are required 

to remove these persistent pollutants [21]. 

Advanced oxidation processes (AOPs) are used 

to remove various persistent organic pollutants in 

wastewater. AOPs such as sonophotocatalysis 

[22], UV/chlorine [23], ozonation [24], and 

UV/H2O2 [25] have been applied for caffeine 

removal. In recent years, new AOPs based on 

electrochemical technology, so-called 

electrochemical advanced oxidation processes 

(EAOPs), have been developed for the treatment 

of various wastewater containing refractory 

pollutants [26-28]. EAOPs are based on the 

direct or indirect oxidation of organic materials 

using an insoluble anode material (Ti, Ti/Pt, 

Ti/RuO2, Ti/IrO2, graphite, boron-doped 

diamond) [29-31]. BDD electrodes have 

technologically important properties such as an 

inert surface with low adsorption properties, 

remarkable stability against corrosion even in 

strong acids, and extremely high overpotentials 

for oxygen evolution. Due to these properties, 

BDD electrodes are known to have a high 

potential for producing large amounts of 

hydroxyl radicals, which are strong oxidising 

agents capable of mineralizing any class of 

organic pollutants, making it an effective 

application for water purification [3, 32].  

 

In this study, the degradation of caffeine was 

investigated in a batch reactor operated in 

galvanostatic mode using a BDD anode. The 

effects of different current densities, initial 

solution pH, supporting electrolyte 

concentration, cathode type, inter-electrode 

distance, and initial caffeine concentration on 

caffeine degradation were investigated. Based on 

the experimental data obtained, the degradation 

kinetics were analyzed using the pseudo-first-

order rate equation, and the energy consumption 

was also evaluated. 

 

2. Materials and Methods 

 

2.1. Chemicals 

 

Caffeine (C8H10N4O2, >98.5%), sulfuric acid 

(H2SO4, 95-98%), sodium hydroxide (NaOH, 

>99%), and potassium sulfate (K2SO4, >99%) 

were purchased from Merck. All solutions were 

prepared with distilled water at room 

temperature. 

 

2.2. Analytical procedures 

 

A standard caffeine stock solution was prepared 

and diluted with distilled water to obtain known 

caffeine concentrations of 2, 5, 10, 20, 30, 40, 

and 50 mg L-1. The absorbance values of these 

caffeine concentrations were measured in a UV-

Vis spectrophotometer (DR 6000, HachLange) at 

a specific wavelength of 273 nm, and the 

calibration curve was plotted. The absorbance 

was found to be linearly related to the caffeine 

concentration, and the coefficient of 

determination for the experimental data was R2= 

0.9997. The degradation efficiency and energy 

consumption were calculated using Equation 1 

and Equation 2, respectively: 
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( ) ( )t 0Removal, % = 1-C C ×100   (1) 

 

( )-3

SEc, kWh m =V×I×t V    (2) 

 

where C0 is the initial caffeine concentration (mg 

L-1), Ct is the caffeine concentration at time t (mg 

L-1), V is mean cell voltage (V), I is electrolysis 

current (A), t is electrolysis duration (h), and VS 

is solution volume (L). 

 

2.3. Experimental setup 

 

The electrolysis experiments were carried out in 

an undivided cylindrical electrochemical cell 

(Figure 1) made of glass with a diameter of 7.5 

cm and a capacity of 400 mL of aqueous solution. 

A single boron-doped diamond electrode (BDD) 

with an area of 50 cm2 (5 cm x 10 cm) was used 

as the anode. The BDD electrode with a 12 μm 

thick diamond layer on niobium was purchased 

from DiaCCon GmbH (Germany). Stainless steel 

(SS), graphite, and BDD electrodes with an area 

of 50 cm2 (5 cm x 10 cm) were used as cathodes. 

The anode and cathode electrodes were 

immersed 7 cm deep in the solution. Therefore, 

35 cm2 was used as the anode area.  

 

The temperature of the solution was kept 

constant at 25°C using a temperature-controlled 

cooling/heating circulator (LABO, C200-H13). 

Potassium sulfate (K2SO4) was added to the 

reactor as a supporting electrolyte to improve the 

conductivity of the solution. The caffeine-

containing solution was stirred continuously at 

600 rpm using a magnetic stirrer (IKA, RCT 

basic) to improve mass transfer. The electrolysis 

experiments were performed with a constant 

current power supply (GW Instek, PSW 80-

40.5). This device also displayed the cell voltage 

during the entire process. Experiments were 

performed at the natural pH of the caffeine 

solution, 5.8, unless otherwise stated. Without 

adding a buffer solution, the pH of the solution 

was adjusted to the desired value only once at the 

beginning of the experiment with 1 M H2SO4 or 

1 M NaOH and was not changed during the 

experimental run. At each sampling time, the 

change in the pH value of the solution was 

monitored using the portable WTW MultiLine® 

Multi 3620 IDS meter (Xylem Analytics, 

Germany).  

 
Figure 1. Diagram of the experimental setup 

 

2.4. Kinetic analysis 

 

The removal of organic compounds by the 

electrooxidation process follows pseudo-first-

order kinetics [27, 33, 34]. The reaction rate 

constant (k1) can, to a certain extent, indicate the 

rate of the overall reaction. Therefore, the 

nonlinear form of the pseudo-first-order kinetic 

model shown in Equation 3 is used in this study 

to understand the degradation kinetics of caffeine 

under different reaction conditions: 

 

1dC dt k t= −        (3) 

 

where k1 is the rate constant (min-1) for the 

pseudo-first-order kinetic model, t is the reaction 

time, and C0 and Ct are the caffeine 

concentrations (mg L-1) in the initial sample and 

in the sample at any time, respectively. The 

Microsoft Excel solver add-in tool was used to 

estimate the parameters of the kinetic model. 

 

3. Results and Discussion 

 

The effects of applied current density (5-20 mA 

cm-2), supporting electrolyte concentration (10-

50 mM), initial solution pH (3-10), initial 

caffeine concentration (25-75 mg L-1), cathode 

type (SS, graphite, BDD), and anode-cathode 

distance (2-14 mm) on caffeine degradation in 

the electrooxidation system were systematically 

analyzed. 

 

3.1. Effect of applied current density 

 

The applied current density is the most important 

parameter affecting both the degradation kinetics 

and the treatment costs, as it influences the 

amount of oxidizing species produced [35]. The 

effect of the applied current density on caffeine 

degradation is shown in Figure 2. The 
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experimental conditions were an initial pH of 5.8, 

a supporting electrolyte concentration of 50 mM, 

an initial caffeine concentration of 25 mg L-1, an 

anode-cathode distance of 2 mm, and cathode 

type of SS. Figure 2(a) shows that caffeine 

removal varies at different current densities. At 

the end of the electrolysis time (120 min), 

caffeine removal was 75.2%, 92.7%, and 96.3% 

at current densities of 5, 10, and 20 mA cm-2, 

respectively.  

 

After 60 minutes of electrolysis, the efficiency of 

caffeine degradation was 59.1%, 75.0%, and 

96.0% at current densities of 5, 10, and 20 mA 

cm-2, respectively. Increasing the applied current 

density increases the rate and amount of hydroxyl 

radical production on the BDD surface according 

to Equation 4 [28, 35], and thus increases the 

efficiency of caffeine degradation. As the current 

density increases, the caffeine degradation time 

decreases. Li et al. reported the electrochemical 

degradation of ciprofloxacin with a BDD anode 

and found that ciprofloxacin was completely 

degraded in about 10 minutes at a current density 

of 40 mA cm-2 [36]. The pseudo-first-order 

reaction rate constant calculated by the non-

linear method is 0.0154, 0.0238, and 0.0438 min-

1 for current densities of 5, 10, and 20 mA cm-2, 

respectively. These results indicate that the rate 

of caffeine degradation depends significantly on 

the current density. The pseudo-first-order rate 

constant showed a linear correlation with the 

increase in applied current density (k1= 

0.0019×J + 0.0051; R2= 0.9988). Similar results 

were obtained in the ibuprofen removal study 

[37]. 

 

The effect of applied current density on energy 

consumption in electrolysis experiments 

conducted at different current densities was 

calculated using Equation 2 and shown in Figure 

2(b). As the current density of the system 

increases, the energy consumption increases 

along with the voltage increase. The energy 

consumption for current densities of 5, 10, and 20 

mA cm-2 is calculated as 3.80, 8.44, and 18.75 

kWh m-3, respectively. With increasing current 

density, the amount of oxidizing species 

produced according to Equation 4 increases [35], 

which can lead to chemical changes on the 

electrode surface and reduce the lifetime of the 

electrode [38]. Although a high current density 

increases caffeine removal, it can lead to a 

decrease in current efficiency above a certain 

value [31, 39]. The decrease in current efficiency 

can be attributed to the degradation of caffeine by 

BDD(•OH) and the formation of less degradable 

by-products and parasitic reactions of 

BDD(•OH). The most important of these 

parasitic reactions is the oxidation of BDD(•OH) 

to O2 at the anode, according to Equation 5. 

However, it can also occur by dimerization of 

BDD(•OH) to H2O2 according to Equation 6 and 

formation of hydroperoxyl radicals, which have 

a low oxidation capacity of BDD(•OH) and H2O2 

according to Equation 7. Increasing the speed of 

these reactions means that less oxidizing 

BDD(•OH) is formed, and thus the degradation 

of organic pollutants is reduced [31, 40–42]. For 

these reasons, higher current densities were not 

investigated. 

 

 
Figure 2. Variation of caffeine degradation 

efficiency (a) and energy consumption (b) over time 

with applied current density 

 

( ) ( )2BDD H O BDD OH H e• + −→ + +    (4) 

 

( ) 21 2BDD OH BDD O H e• + −→ + + +    (5) 

 

( ) 2 21 2BDD OH BDD H O• → +     (6) 

 

( ) ( )2 2 2 2BDD OH H O BDD HO H O• •+ → +     (7) 
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3.2. Effect of supporting electrolyte 

concentration 

 

Supporting electrolytes (SEs) are one of the 

important parameters that influence the 

electrochemical degradation process [43]. 

Increasing the SE concentration plays an 

important role in increasing the conductivity of 

the solution and accelerating electron transfer 

[44]. In this study, K2SO4 was used as SE, and 

the effect of different SE concentrations (10, 25, 

and 50 mM K2SO4) on caffeine degradation was 

investigated (Figure 3). The experimental 

conditions were an initial pH of 5.8, a current 

density of 20 mA cm-2, an initial caffeine 

concentration of 25 mg L-1, an anode-cathode 

distance of 2 mm, and cathode type SS. SE has a 

major influence on the degradation of caffeine in 

the BDD-SS system. Figure 3(a) shows that the 

efficiency of caffeine degradation varies with the 

different SE concentrations.  

 

The efficiency of caffeine degradation at 60 min 

of electrolysis time is 67.7%, 87.7%, and 96.0% 

at 10, 25, and 50 mM SE concentrations, 

respectively. After 120 minutes of electrolysis, 

caffeine removal was 93.4 %, 98.7 %, and 96.7 

% for 10, 25, and 50 mM SE concentrations, 

respectively. These results show that the caffeine 

removal rate depends on the SE concentration 

and that the caffeine removal time decreases with 

increasing SE concentration. The pseudo-first-

order reaction rate constants are 0.0196, 0.0308, 

and 0.0438 min-1 for supporting electrolyte 

concentrations of 10, 25, and 50 mM, 

respectively. The pseudo-first-order reaction rate 

constant showed a linear correlation with the 

concentration of the supporting electrolyte (k1= 

0.0006×[K2SO4]0 + 0.0145; R2= 9901).  

 

The required voltage decreases as the SE 

concentration increases. By increasing the SE 

concentration to 10, 25, and 50 mM, the average 

voltage decreased to 6.0, 5.5, and 5.4 V, 

respectively. The energy consumption was 

calculated as 21.11, 19.17, and 18.75 kWh m-3 

with increasing SE concentration (Figure 3(b)). 

Therefore, considering the electrical energy 

consumption, a higher SE concentration would 

be more suitable for the operation of the system. 

However, if the salt concentration (i.e., the SE 

concentration) exceeds a certain threshold value, 

a salt film may form on the electrode surface, 

which reduces the number of active sites on the 

electrode or causes a change in the chemistry of 

the active sites, leading to a reduction in the 

pollutant degradation rate [45, 46]. 

 

 
Figure 3. Variation of caffeine degradation 

efficiency (a) and energy consumption (b) over time 

with SE concentration 

 

3.3. Effect of anode-cathode distance 

 

Various studies on the electrooxidation process 

have reported that the distance between the anode 

and cathode influences the rate of decomposition 

and the electrical energy consumption [47-49]. 

The effects of different anode-cathode distances 

(2, 8, and 14 mm) on caffeine degradation were 

investigated; the results are shown in Figure 4. In 

the experiments, the initial pH was 5.8, the 

current density was 20 mA cm-2, the supporting 

electrolyte concentration was 50 mM, the initial 

caffeine concentration was 25 mg L-1, and the 

cathode type was SS. After 120 minutes of 

electrolysis, the degradation efficiencies are 

almost the same regardless of the distance 

between the anode and cathode (Figure 4(a)).  

 

Examination of the pseudo-first-order reaction 

rate constants shows that the degradation of 

caffeine is faster with smaller anode-cathode 

distances. The caffeine degradation rates for 2, 8, 

and 14 mm distances are 0.0438, 0.0403, and 

0.0392 min-1, respectively. In studies where 

coking wastewater, sulfamethoxazole, and 
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perfluorooctanoic acid were removed, it was 

reported that electrolysis proceeds at higher 

reaction rates under shorter distances between 

the anode and cathode [47, 49, 50]. By increasing 

the anode-cathode distance to 2, 8, and 14 mm, 

the average voltage increased to 5.4, 5.7, and 6.6 

V, respectively. Since the electrolysis system 

was operated at a constant current, the energy 

consumption increased with the increase in 

voltage. By increasing the anode-cathode 

distance to 2, 8, and 14 mm, the energy 

consumption was calculated to be 18.75, 19.94, 

and 22.99 kWh m-3, respectively (Figure 4(b)). 

Therefore, considering the electrical energy 

consumption, a shorter distance would be more 

suitable for the operation of the system. 

 

 
Figure 4. Variation of caffeine degradation 

efficiency (a) and energy consumption (b) over time 

with anode-cathode distance 

 

3.4. Effect of initial caffeine concentration 

 

To determine the effects of the initial 

concentration of caffeine, several experiments 

were performed with initial concentrations of 25, 

50, and 75 mg L-1 using 50 mM K2SO4 solutions 

as the supporting electrolyte (Figure 5). Further 

experimental parameters were an initial pH value 

of 5.8, a current density of 20 mA cm-2, an anode-

cathode distance of 2 mm, and a cathode SS. At 

an electrolysis time of 60 minutes, the efficiency 

of caffeine degradation was 96.0%, 86.2%, and 

77.8% for initial caffeine concentrations of 25, 

50, and 75 mg L-1, respectively. After 105 

minutes of electrolysis time, the change in initial 

caffeine concentration had no significant effect 

on caffeine degradation. As the caffeine 

concentration was increased from 25 to 75 mg L-

1, the absolute caffeine removal amounts 

increased from about 24 mg L-1 to 58 mg L-1 at 

the end of the 60 minutes electrolysis time. The 

total amount of caffeine removed by electrolysis 

was higher with increasing initial caffeine 

concentration. One possible reason for this was 

that increasing the initial caffeine concentration 

increased the concentration gradient and mass 

transfer through the diffusion layer, which in turn 

increased degradation at the electrode [51, 52].  

 

 
Figure 5. Variation of caffeine degradation 

efficiency over time with initial caffeine 

concentration 

 

The rate of caffeine degradation decreased with 

increasing initial caffeine concentration. The 

pseudo-first-order reaction rate constants were 

0.0438, 0.0297, and 0.0251 min-1 for initial 

caffeine concentrations of 25, 50, and 75 mg L-1, 

respectively. The results were similar to the 

electrochemical oxidation of ciprofloxacin and 

the decolorization of reactive orange 122 by the 

UV/H2O2 process [52, 53]. The decrease in the 

reaction rate constant at higher caffeine 

concentrations can be attributed to the formation 

of a larger amount of by-products that can 

compete with the caffeine itself. The energy 

consumption was calculated to be 18.75, 17.79, 

and 17.59 kWh m-3 for initial caffeine 

concentrations of 25, 50, and 75 mg L-1, 

respectively. It can be concluded that the energy 

consumption was not significantly affected by 

changing the initial caffeine concentration. 
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3.5. Effect of different cathodes 

 

Figure 6 shows the effects of cathode type on 

caffeine degradation during the electrolysis of 

caffeine. The experiments were performed with 

stainless steel (SS), graphite, and boron-doped 

diamond (BDD) cathodes and a BDD anode. The 

experiments were carried out at the natural pH of 

the solution (5.8). The initial caffeine 

concentration was 25 mg L-1, the current density 

was 20 mA cm-2, the anode-cathode distance was 

2 mm and the concentration of the supporting 

electrolyte was 50 mM K2SO4.  

 

 
Figure 6. Variation of caffeine degradation 

efficiency (a) and energy consumption (b) over time 

with different cathodes 

 

The results showed that the type of cathode used 

had no significant effect on the degradation 

efficiency of caffeine as a function of electrolysis 

time (Figure 6(a)). However, in a study 

conducted on the removal of tetracycline, it was 

reported that the use of carbon felt as a cathode 

was more efficient than stainless steel [54]. The 

pseudo-first-order reaction rate constants 

calculated with the non-linear method are 

0.0438, 0.0422, and 0.420 min-1 for SS, graphite, 

and BDD, respectively. The estimated removal 

rate is slightly higher when SS is used as a 

cathode.  

 

When analyzing the energy consumption, 18.75, 

19.66, and 21.09 kWh m-3 were calculated for 

SS, graphite, and BDD, respectively (Figure 

6(b)). From this, it can be seen that the cathode 

type affects the energy consumption, and SS is 

the cathode type with the lowest energy 

consumption. It should also be noted that SS as a 

cathode is less expensive than graphite and BDD 

[55, 56]. Therefore, SS was chosen as the cathode 

material. 

 

3.6. Effect of initial solution pH 

 

The results of the experiments to investigate the 

influence of initial solution pH on caffeine 

degradation are shown in Figure 7. Without the 

addition of buffer solution, the pH value of the 

solution was adjusted to the desired value only 

once at the beginning of the experiment with 1 M 

H2SO4 or 1 M NaOH and was not changed during 

the experiment. In the experiments, the applied 

current density was 20 mA cm-2, the initial 

caffeine concentration was 25 mg L-1, the anode-

cathode distance was 2 mm, the cathode type was 

SS, and the supporting electrolyte concentration 

was 50 mM. At an electrolysis time of 45 

minutes, the efficiency of caffeine degradation 

was 98.5%, 90.8%, and 92.2% at an initial pH of 

3, 5.8, and 10, respectively.  

 

At an electrolysis time of 120 minutes, the 

change in initial pH had no significant effect on 

the degradation of caffeine. This shows that a 

wide range of initial pH values can be applied in 

the degradation of caffeine at the BDD anode 

(Figure 7(a)). The rate constants of the pseudo-

first-order reaction calculated by the non-linear 

method were 0.0496, 0.0438, and 0.0483 min-1 

for initial pH 3, 5.8, and 10, respectively. The 

degradation of caffeine was faster at an initial pH 

of 3 than at a higher initial pH. The difference in 

the degradation rate of organic matter at different 

pH values is often attributed to the higher redox 

potential of hydroxyl radicals under acidic 

conditions compared to alkaline conditions [57]. 

Similar results were obtained in the 

electrochemical oxidation of 2,4-

dichlorophenoxyacetic acid and sulfamerazine 

[58, 59]. The energy consumption was calculated 

to be 18.25, 18.75, and 18.17 kWh m-3 for an 

initial pH of 3, 5.8, and 10, respectively. It can be 

concluded that changing the initial pH of the 

solution has no effect on energy consumption. 
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Figure 7. Variation of caffeine degradation 

efficiency (a) and solution pH (b) over time with 

initial pH value 

 

The change in pH of the solution with time 

during electrolysis is shown in Figure 7(b). In the 

experiment conducted at an initial solution pH of 

3, an increase in pH with electrolysis time was 

observed. After 60 minutes of electrolysis, the 

pH value of the solution reached 3.8. The pH 

value of the solution then increased rapidly and 

reached 9.1 after 120 minutes. With an initial pH 

value of the solution of 5.8, the pH value of the 

solution increased to 9.4 after 20 minutes of 

electrolysis. Thereafter, the pH of the solution 

slowly increased and reached 10.2 at the end of 

120 minutes. With an initial solution pH of 10, 

the solution pH value first decreased to 9.8 and 

then increased to 10.6. Therefore, it can be said 

that the pH value tends to increase during the 

electrochemical degradation of caffeine using a 

BDD anode and an SS cathode.  

 

The oxidation reaction at the anode decreases the 

pH of the solution, while the reduction reaction 

at the cathode causes an increase in the pH of the 

solution (Equations 4 and 5) [46]. The oxidation 

reaction of the water on the cathodic surface 

(Equation 8) and the resulting release of hydroxyl 

ions, which are formed during this process, into 

the aqueous environment can lead to an increase 

in the pH value with the electrolysis time [57, 60, 

61]. In addition, the increase in the pH of the 

solution may also be related to the scavenging of 

the hydroxyl radical in the presence of sulfate, 

according to Equation 9 [62]. 

 

2𝐻2𝑂 + 2𝑒
− → 𝐻2 + 2𝑂𝐻

−     (8) 

 
2

4 4SO OH SO OH− • •− −+ → +      (9) 

 

4. Conclusion 

 

This study demonstrates the efficient degradation 

of caffeine by anodic oxidation using a BDD 

electrode. From a kinetic point of view, it was 

found that the degradation of caffeine follows the 

pseudo-first-order kinetics, while the reaction 

rate constant increases with increasing current 

density and concentration of the supporting 

electrolyte and decreases with increasing initial 

caffeine concentration. It was found that the 

influence of the anode-cathode distance, the 

cathode type, and the initial pH of the solution on 

the reaction rate constant was not very 

significant. When analyzing the energy 

consumption, the applied current density and the 

electrolysis time were found to be the most 

effective parameters.  

 

It was found that the supporting electrolyte 

concentration, the anode-cathode distance, and 

the cathode type have a minor influence on 

energy consumption. A current density of 20 mA 

cm-2, a supporting electrolyte concentration of 50 

mM K2SO4, an anode-cathode distance of 2 mm, 

a cathode type of SS, and an initial solution pH 

of 3 were found to be the optimum values for 

degrading a solution containing 25 mg L-1 

caffeine in 45 minutes using a BDD anode. It was 

found that the pH of the solution tended to 

increase during electrolysis. 
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