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ABSTRACT  

Benzophenone-3 is a well-known molecular UV filter, mainly found in commercial cosmetic preparation for sunscreen and skincare. Due to the increased use of sunscreens, it could be found in surface water 

and wastewater, which could affect the water quality and human health. Research indicates that benzophenone-3 act as an endocrine disruptor and has a carcinogenic and mutagenic effect on humans and other 

living organisms. The aim of the presented research is to examine the possibility of using titanium anode plates for electrochemical degradation of benzophenone-3 in 0.05M aqueous sodium chloride solution. 

Electrolysis was performed in galvanostatic mode at a current density of 25 mA cm-2. During 40 minutes of electrolysis, the degradation efficiency of benzophenone-3 is 98.3 %. Additional studies of process 

kinetics show that degradation of benzophenone-3 follows first-order kinetics. 

In recent decades, there has been a growing concern about the presence of cosmetic agents in 

aquatic environments [1, 2]. Benzophenone-3 is the most frequently used ultraviolet light filter 

in sunscreen agents. Due to its endocrine disruption effect, cancerogenic and mutagenic ability, 

it is necessary to develop methods for detection, tracking, and degradation in the aquatic 

environment, to make it safe for living beings and the environment [3, 4].  biodegradation and 

sorption are efficient ways to eliminate benzophenone-3 from water [5, 6].  Electrochemical 

oxidation processes, including anodic oxidation, due to strong oxidation ability, simple 

application, and environmental compatibility, can be promising techniques for the removal of 

toxic organic pollutants. To our knowledge, there are no publications that describe using 

titanium anode plates for electrochemical degradation of benzophenone-3 in aquatic media. 

The literature contains studies relating to the degradation of benzophenone-3 on Ti/SnO2-

Sb/Ce-PbO2  anode and TiO2 nanotubular array electrodes [7, 8]. This study has investigated 

the possibility of using titanium anode plates for electrochemical degradation of 

benzophenone-3 in 0.05 M aqueous sodium chloride solution at a current density of 25 mA cm-

2. Kinetic analysis of that electrochemical process was performed by zero-order, first-order, 

second-order, and pseudo-first-order kinetic models, and the results are reported in this paper. 

This work is useful to deepen our knowledge of whether electrochemical oxidation on the 

simple electrode without modification is a suitable treatment for removing sunscreen's organic 

constituents in wastewater. Additionally, it is possible to predict the time required for complete 

degradation using a kinetic model. 

For presented experiments following chemicals were used: Benzophenone-3 (Energy Chemical 

Reagent, Shanghai, China, purity 98%), sodium-chloride, NaCl (Sigma-Aldrich) and deionized  

water (18 MΩcm,) obtained from a Milli-Q Millipore system. The electrochemical experiment 

was done using GamryPotentiostat/Galvanostat/ZRA06230 (Gamry Instruments, USA). 

Electrolysis of 4.381 10-5 M solutions of benzophenone-3 in 0.05 M NaCl was carried in an 

undivided, three-electrode electrolytic cell on current density of 25 mA cm-2 at room 

temperature, with a mixing speed of 200 rpm. Titanium plate (Ti), active surface area of 2.86 

cm2, was used as anode, platinum foil as cathode and standard Ag/AgCl electrode as the 

reference electrode. The distance between the anode and cathode was 2 cm. The aliquots were 

taken in different time intervals and absorbance at maximum absorbance peak (at 310 nm) 

were recorded on UV/VIS spectrophotometer Lambda 35 (Perkin Elmer, SAD). 

Figure 1.  Electrolytic degradation profile of 10 mg∙L−1 

benzophenone-3 at current density 25 mA cm-2;  insert : 

appropriate UV spectrum  

  Rate constants 
Coefficient of 

determination 

Zero order mode -1.380 10-6 (Mmin-1) 0.684 

First order mode -0.124 (min-1) 0.996 

Second order mode 38742.86 (M-1 min-1) 0.936 

Pseudo first order 

mode 
0.12 (min-1) 0.997 

Figure 2. Linear plot of (A) zero order, (B)  first order, (C) 

second order and (D) pseudo first order kinetic model 

The coefficient of determination for the pseudo first 

and first order model was relatively satisfactory and 

close to 1. This confirms that the degradation of 

benzophenone-3 by electrolysis follows first-order 

kinetics. Similarly, several authors have reported that 

the removal of organic pollutants follows first-order 

kinetic [9, 10].  The constructed benzophenone-3 

degradation kinetics model can be applied to evaluate 

the degradation level of benzophenone-3 and predict 

its concentration during the electrolysis time. If the 

kinetics parameters of k for the benzophenone-3 are 

obtained based on the method mentioned above, their 

equations presented on Figure 2 can be used to 

calculate the c values under different electrolysis time.  

INTRODUCTION 

MATERIALS AND METHODS 

RESULTS AND DISCUSSION 

The electrolytic concentration profile and appropriate 

UV spectrum during electrochemical oxidation of 

benzophenone-3 were presented in Figure 1b.  

- with increasing of electrolysis time, concentration 

of benzophenone-3 decreases, 

- degradation of benzophenone-3 was fast within 

the initial 10 minutes, 

- determined efficiency is about 61%, 

- during further electrolysis treatment, the 

concentration of benzophenone-3 slowly 

decreases, 

- complete degradation of benzophenone-3 with 

efficiency above 98.4% were achieved after 40 

minutes. 

Kinetic analysis 

Oxidative electrochemical degradation process of benzophenone-3 by titanium electrode were kinetically 

modeled using zero order, first order, second order and pseudo first order kinetic models. Coefficients of 

determination of each of the kinetic models plotted with their linear model equations are presented in Figure 

2. The parameters of applied kinetic models, such as rate constants, k and coefficient of determination were 

calculated from the linear plots. They are presented in Table 1.  

Table 1.Benzophenone-3 oxidative degradation parameters of kinetic models 

Figure 3.The theoretically calculated electrolytic degradation 

profile (line) and experimental data (scatter) of benzophenone-3 

degraded in 0.05 M NaCl aqueous electrolytes 

Figure 3 shows the plots of electrolytic degradation 

profile from the theoretical model (see equations on 

Figure 2) for the degradation of the benzophenone-3 in 

0.05 M NaCl solutions. The data of concentration at 

degradation time from experimental findings are also 

presented, which match well with the theoretically 

curve for the first order reaction. 
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In summary, our proof-of-concept study has established a electrochemical technique for the 

degradation of benzophenone-3 in NaCl aqueous electrolytes using titanium plate electrodes, which 

could also be further generalized in other media. The rate equations of the chemical and 

electrochemical processes in benzophenone-3 degradation follow first-order kinetics. The 

construction of the benzophenone-3 degradation kinetics model in this work would provide better 

insight in prediction of benzophenone-3 degradation time and facilitate the optimization of process 

for practical applications. 
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