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Abstract The decomposition of hydrogen pe-
roxide was studied on Pd catalysts between 293 K 
and 313 K. The apparent activation energy value 
was calculated for all the catalysts and it varied be-
tween 27 and 55 kJ/mol. For all the catalysts tested, 
treatment with hydrogen resulted in a significant 
increase in the reaction rate, as well as a decrease in 
the apparent activation energy for the reaction. All 
the reactions were well represented by a first order 
rate law with respect to H2O2. The effect of the 
treatment with H2O2 was studied in successive reac-
tions without catalyst exchange. A small deactivation 
was observed in the 5.0% Pd/AC and 0.5% Pd/AC 
catalysts after four H2O2 decomposition reactions.  

Keywords Hydrogen peroxide, Palladium Cata-
lyst, Decomposition, Kinetics. 

I. INTRODUCTION 
Hydrogen peroxide, H2O2, has been used in several ap-
plications, such as wastewater treatment (Pignatello, 
1992; Lin et al., 1998; Perathoner and Centi, 2005; Dan-
tas et al., 2006; Zazo et al., 2006), as propellant for liq-
uid propellant engines (Sisco et al., 2005), in bleaching 
paper pulp (Lopez et al., 2003; Wojciak et al., 2007), 
and in the food and pharmaceutical industries to clean 
and disinfect packages (Simmons et al., 1997; Verce et 
al., 2008). In general, the efficiency of these applica-
tions depends on the decomposition of H2O2 in homo-
geneous or heterogeneous mediums. The iron oxide 
catalyst has been extensively studied in wastewater 
treatment perhaps due to its low cost (Chou and Huang, 
1999; Huang et al., 2001; Hermanek et al., 2007). How-
ever, other catalysts have been studied for improving 
the catalytic activity in those processes (Ariafard et al., 
2003; Petlicki et al., 2005; Shivankar and Thakkar, 
2005).  

The production of H2O2 from hydrogen and oxygen 
is an environmentally friendly process of great practical 
importance. Palladium, Pd, is the catalyst most studied 
for this reaction (Choudhary et al., 2001; Landon et al., 
2003;Voloshin et al., 2008; Choudhary and Jana 2008; 
2009), but the decomposition of H2O2 on the Pd catalyst 
is a parallel reaction that decreases the selectivity for 
H2O2 and, thus, the production of H2O2 becomes ineffi-
cient. The H2O2 decomposition on Pd catalyst has been 
studied by Choudhary et al. (2002, 2006, 2007) under 
different conditions in order to identify factors that af-

fect the H2O2 decomposition on Pd catalyst. They found 
that the decomposition of H2O2 decreased with the oxi-
dation of Pd to PdO. In addition, Choudhary et al. 
(2007) observed that the presence of halide anions (e.g. 
Cl-, Br-, I-) in the catalyst or in the acidic medium de-
creased the decomposition of H2O2.  

The catalytic decomposition of H2O2 forms water 
and gaseous oxygen in an exothermic reaction. This 
reaction occurs on heterogeneous, homogeneous, and 
enzymatic catalysts but heterogeneous catalysts present 
advantages such as easy separation of the catalyst, and 
the catalyst can be used in neutral pH. The kinetics of 
H2O2 decomposition depends on pH, the initial concen-
tration of H2O2, the reaction temperature, and the cata-
lyst.  For example, Gurol and Lin (2002) found that the 
decomposition rate of H2O2 was proportional to the iron 
oxide concentration. The H2O2 decomposition decreased 
when this reaction was carried out in an acidic medium 
(Choudhary and Gaikwad, 2003). The authors suggested 
that the decrease in H2O2 decomposition was due to the 
presence of H+ at higher concentrations.  The H2O2 de-
composition rate was found to be a first order reaction 
in relation to H2O2 concentration (Oliveira et al., 1998; 
Choudhary and Gaikwad, 2003) but another expression 
describing the H2O2 decomposition was reported by 
Voloshin et al. (2008). The effect of pH on the decom-
position of H2O2 on Co(II) acetylacetonate supported on 
a silica-propylpiperazine matrix  was observed by Oli-
veira et al. (1998). 

The decomposition of H2O2 is an undesirable reac-
tion in the direct H2O2 synthesis process from H2 and 
O2, while it is a desirable reaction for the generation of 
hydroxyl radicals in advanced oxidation processes. 
Thus, it is important to understand how the reaction 
medium conditions affect the H2O2 decomposition. In 
other words, to improve the efficiency of the H2O2 pro-
duction and the advanced oxidation processes are neces-
sary to know the kinetics of H2O2 decomposition and 
the factors that affect its decomposition. In this work, 
the H2O2 decomposition was studied on Pd supported on 
activated carbon, Pd/ZrO2, and Pd/-Al2O3 between 293 
K and 313 K.  

II. METHODS 
A. Catalyst Preparation 
The supports used in this work were zirconia (ZrO2) 
supplied by Daiichi Kigenso Kagaku of Japan, alumina 


