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Abstract - Naproxen is found in municipal sewage, surface waters, and drinking waters because it is one of the widely used 
non-steroidal, anti-inflammatory painkillers. Naproxen affects human health even at very low dosages and causes 
environmental pollution. Therefore, the elimination of toxic drug compounds like naproxen has been a significant 
environmental problem and the development of alternative refinement methods for these compounds has become prominent  
in recent years. In this study, elimination of naproxen from waters was investigated in the catalytic wet peroxide oxidation. 
Titanium-pillared bentonites (Ti-PB) including iron and copper were used as the catalyst. The catalytic performance studies 
revealed that the catalytic performance of the Titanium-pillared bentonite with iron (Fe/Ti-PB) was higher than that of both 
Ti-PB and Titanium-pillared bentonite with copper (Cu/Ti-PB). The catalytic performance studies also showed that catalytic 
performance changed depending on catalyst concentration, naproxen concentration, and H2O2/naproxen molar ratio. 
 
 
I. INTRODUCTION 
 
Nowadays, the increasing concentrations of non-
steroidal anti-inflammatory drugs which can lead to 
very negative effects on living organisms and 
ecological systems, are leading to important work on 
the elimination of these micro-pollutants [1]. 
Naproxen is one of the most commonly used non-
steroidal anti-inflammatory drugs and is used in 
urban wastewater at concentrations ranging from 0.5 
to 7.84 μg/L [2-4] and the concentrations in the 
natural waters reaching to 1.5 μg/L [5] are important 
for demonstrating that conventional wastewater 
treatment methods which are not effective for 
degradation and mineralization of organic pollutants. 
For this reason, in recent years, wastewater 
containing toxic and non-biodegradable pollutants 
has focused on advanced oxidation processes, an 
alternative method of treatment in the treatment 
phase. The advanced oxidation processes are based 
on the production of hydroxyl radicals that oxidize 
many organic pollutants rapidly and indiscriminately 
[6]. Due to its high oxidation potential, the hydroxyl 
radical can oxidize many organic compounds which 
are less harmful intermediates [7]. In addition, it is 
stated that full oxidation can be achieved even with 
proper oxidation processes [8-9]. On the other hand, 
the most important advantage of advanced oxidation 
processes over conventional wastewater treatment 
methods is that they are environmentally friendly and 
green technology applications, as they are in 
traditional methods, as they are not removed by 
transferring another pollutant or creating dangerous 
sludge.Heterogeneous Catalytic Wet Peroxide 
Oxidation (CWPO), in which hydrogen peroxide is 
used in combination with a catalyst, is among the 
most widely used today among heterogeneous 
advanced oxidation technologies. Due tothe pore 

structure and their specific catalytic properties of the 
pillared clay, they are among the potential porous 
materials that can be used as catalysts in oxidation 
reactions [10]. In this study,the catalytic 
performances of Ti-pillared bentonite containing Fe 
and Cu were evaluated in the CWPO of naproxen. 
CWPO studies have been carried out to determine the 
effect of parameters such as catalyst type, catalyst 
concentration, initial concentration and 
H2O2/naproxen ratio on the catalytic performance.  
 
II. EXPERIMENT 
 
Materials and methods 
As the catalyst, titanium-pillared bentonite containing 
titanium, iron or copper were used. The preparation 
of iron/titanium-pillared bentonite (Fe/Ti-PB) and 
copper/titanium-pillared bentonite (Cu/Ti-PB) 
catalysts with titanium-pillared bentonite (Ti-PB), 
iron/titanium and copper/titanium molar ratio 1 [11] 
were reported in detail with characterization studies. 
The chemical composition of the catalysts was 
determined by energy dispersive X-ray spectroscopy 
(EDS) and surface properties were determined by N2-
adsorption/desorption measurements. The physico-
chemical properties of the catalysts are summarized 
in Table 1. 
In experimental studies, naproxen (C14H14O3, Sigma 
Aldrich), acetonitrile (CH3CN, Sigma-Aldrich) in 
chromatographic purity and hydrogen peroxide in 
analytical purity (35% m/m, H2O2, Merck) were used 
without any purification. All solutions are prepared 
with ultrapure water (PURIS Purification system, 18 
MΩ.cm). 
CWPO experiment 
The catalytic performance studies were carried out in 
a reaction system equipped with a 250 mL capacity 
double-walled, heated magnetic stirrer, mechanical 
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stirrer, pH meter, automatic hydrogen peroxide 
solution dosing system and circulating water bath. 
The oxidation experiments were carried out at pH 3 
and 25°C by varying the catalyst concentration(1-3 

g/L), naproxen concentration (5-20 mg/L)and 
H2O2/Naproxen molar ratio(32, 48 and 64) for 120 
min oxidation time. 

 

 
Table 1. Chemical and surface properties of Ti-PB, Cu/Ti-PB and Fe/Ti-PB catalysts [11] 

 
As a result of the studies carried out in the 
experimental conditions mentioned above, naproxen 
analysis in the solution was performed by 
SHIMADZU brand high performance liquid 
chromatography (HPLC). In the HPLC 
measurements, column (C-18, 5 μm,150×4.6 mm) 
was used. As the mobile phase, acetonitrile/water was 
used in a ratio of 40/60 (v/v). The flow rate of mobile 
phase was 1.0 mL/min and the measurements were 
performed at a wavelength of 190 nm.  
 
III. RESULTS  
 
Prior to the catalytic tests, adsorption of naproxen and 
oxidation with H2O2 were investigated under 
experimental conditions applied to the catalytic 
reaction. After 120 min adsorption, the highest 
naproxen removal (6%) was obtained with Fe/Ti-PB 
sample. On the other hand, in the absence of Ti-, 
Fe/Ti- and Cu/Ti-PB, naproxen conversion of 2.7% 
was obtained with H2O2 after 120 min. These results 
show that in the experimental conditions under study, 
both naproxene removal by adsorption and peroxide 
oxidation by the absence of catalyst are not effective. 
To determine the catalytic performance of catalytic 
wet peroxide oxidation of Ti-PB, Fe/Ti-PB and 
Cu/Ti-PB catalysts, the results of the experiments 
carried out for the conditions of  H2O2/Naproxen=32, 
T = 25ºC, pH = 3, 5 mg/L naproxen concentration 
and 1 g/L the catalyst concentration and the oxidation 

time of 120 min. While a naproxen conversion of 
about 82% was obtained for the Fe/Ti-PB sample, 
that of about 6% was obtained for Ti-PB and Cu/Ti-
PB samples at the end of 120 min. The catalytic 
performance results indicate that more than 120 min 
are necessary for Fe/Ti-PB sample for the 100% of 
naproxen conversion in the performed experimental 
conditions, titanium and copper/titanium particles are 
not active in the CWPO reaction of naproxen and the 
catalytic centers were increased by the addition of 
iron, but not changed by the addition of copper for 
Ti-PB sample. Furthermore, when these results are 
evaluated by the surface area of the catalysts, the very 
low catalytic performance of the highest surface area 
catalysts (Table 1) shows that the active metal is 
more effective than the surface properties on the 
catalytic properties of the pillared bentonites. For this 
reason, the Fe/Ti-PB sample was used as the catalyst 
in the subsequent oxidation experiments. 
The effect of catalyst concentration, naproxen 
concentration and H2O2/Naproxen molar ratio on the 
catalytic activity of Fe/Ti-PB are shown in Fig. 1. As 
seen in Fig. 1a, increasing the catalyst concentration 
from 1 g/L to 3 g/L significantly increased the 
naproxen conversion to 98% from 82% after 120 min 
of reaction time. This increase in the value of the 
naproxen conversion can be explained by the increase 
in the catalyst concentration and the increase in the 
number of naproxen adsorbed to the surface due to 
the increase of the active sites in the catalyst.  

 
Figure 1. Catalytic activity of the Fe/Ti-PBcatalyst (a) at pH 3, T=25°C, mcat=1-3 g/L and 5 mg/L of naproxen(b) at pH 3,T=25°C, 

mcat=1 g/L and 5-20mg/L of naproxen(c) at pH 3, T=25°C, mcat=1 g/L, 5 mg/L naproxen and H2O2/Naproksen=32, 48 and 64 
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On the other hand, the naproxen conversion values 
were increased by increasing the naproxen 
concentration from 5 mg/L to 15 mg/L as shown in 
Fig. 1b. However, naproxen conversion at the 
naproxen concentration of more than 15 mg/ L 
decreased after 30 min of oxidation. This behaviour 
can be explained by the fact that as the naproxen 
concentration increases, the active sites on the 
catalyst surface are covered by the naproxen 
molecule and reducing the hydroxyl radical formation 
by inhibiting the activity of the catalyst (Fig.1b). The 
naproxen conversion is reduced due to the reduction 
of hydroxyl radical formation. 
The effect of H2O2/Naproxen molar ratio reveals that 
the rate of oxidation was dependent on the 
H2O2/Naproxen ratio and naproxen conversion was 
increased with the increase of theoretical 
stoichiometric ratio (Fig. 1c). This behaviour can be 
explained by the increase in the hydroxyl radical 
concentration due to the increase in the 
H2O2/Naproxen ratio and the decomposition of 
hydrogen peroxide on the hydroxyl radical on the 
catalyst surface. 
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